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Description
Title of Invention: METHOD AND APPARATUS FOR

TRANSMITTING AND RECEIVING DATA BASED ON

SECURED PATH BANDWIDTH IN NETWORK ESTABLISHED

[1]

[2]

[3]

[4]

[5]

[6]

BY USING AUDIO/VIDEO INTERFACE
Technical Field

Apparatuses and methods consistent with exemplary embodiments relate to
transmitting and receiving data in a network established by using an audio/video (AV)
interface, and more particularly, to transmitting and receiving data based on a secured

path bandwidth in a network established by using an AV interface.
Background Art

A source device for providing audio/video (AV) data and a sink device for receiving
and reproducing the AV data from the source device are connected to each other based
on a predetermined AV interface.

For example, the source device and the sink device may be connected based on an
AV interface such as a digital visual interface (DVI) or a high-definition multimedia
interface (HDMI) for transmitting digital AV data.

Disclosure of Invention

Technical Problem

AV interfaces according to the related art, e.g., a digital visual interface (DVI) and an
HDMI, support only unidirectional data transmission from a source device to a sink
device. AV data of a source device may be only transmitted to a sink device, and the
sink device may not transmit AV data to the source device based on an AV interface
according to the related art, e.g., a DVI or an HDMI.
Solution to Problem

According to another aspect, there is provided a method of transmitting data from a
first device to a second device which are connected using an audio/video (AV)
interface, the method including transmitting to the second device a first request
message to secure a path for transmitting a predetermined stream to the second device;
receiving by the first device, in response to the first message, from the second device a
second message including result information indicating whether the path is secured;
and if the path is secured, transmitting, in response to the second message, the prede-

termined stream to the second device.
Advantageous Effects of Invention

According to an exemplary embodiment, since a stream is transmitted after a
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bandwidth of a data transmission path is secured, a streaming service may be executed
while maintaining the QoS. Accordingly, the stability of the streaming service may be
increased and user experiences may be improved in a network connected using an AV
interface.
Brief Description of Drawings

FIG. 1 is a diagram showing a network topology of devices connected based on an
audio/video (AV) interface, according to an exemplary embodiment;

FIG. 2A is a diagram showing bidirectional transmission of data based on an AV
interface, according to an exemplary embodiment;

FIG. 2B is a diagram showing bidirectional transmission of data based on an AV
interface, according to another exemplary embodiment;

FIG. 3 is a diagram showing a hierarchical structure of a network based on an AV
interface, according to an exemplary embodiment;

FIG. 4 is a diagram showing a data transmission path according to an exemplary em-
bodiment;

FIG. 5 is a flowchart illustrating a streaming method according to an exemplary em-
bodiment;

FIG. 6 is a flowchart illustrating a method of checking a data transmission path,
according to an exemplary embodiment;

FIG. 7 is a diagram showing an AV link according to an exemplary embodiment;

FIG. 8 is a diagram showing a method of allocating transmission units, according to
an exemplary embodiment;

FIGS. 9A and 9B are diagrams showing a method of allocating transmission units to
a stream, according to an exemplary embodiment;

FIG. 10 is a diagram showing devices in a network established based on an AV
interface, according to an exemplary embodiment;

FIGS. 11A through 111 are forwarding tables for relaying streams, according to an
exemplary embodiment;

FIG. 12 is a diagram showing an asynchronous data packet according to an
exemplary embodiment;

FIG. 13 is a diagram showing a Control Flags field included in a header of an asyn-
chronous data packet, according to an exemplary embodiment;

FIGS. 14 and 15 are diagrams showing a packet periodically transmitted by devices
in an AV network, according to an exemplary embodiment;

FIG. 16 is a diagram showing a packet for requesting to check a data transmission
path, according to an exemplary embodiment;

FIG. 17 is a diagram showing a response packet to a packet for requesting to check a
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data transmission path, according to an exemplary embodiment;
FIG. 18 is a diagram showing a packet for requesting to ensure a data transmission

path, according to an exemplary embodiment;

FIG. 19 is a diagram showing a response packet to a packet for requesting to ensure a
data transmission path, according to an exemplary embodiment; and

FIG. 20 is a diagram showing a data transmission apparatus and a data reception
apparatus, according to an exemplary embodiment.

Best Mode for Carrying out the Invention

An aspect may be achieved by providing a method and an apparatus for transmitting
and receiving data based on a secured path bandwidth in a network established by
using an audio/video (AV) interface.

Another aspect may be achieved by providing a computer readable recording
medium having recorded thereon a computer program for executing the method.

According to another aspect, there is provided a method of transmitting data from a
first device to a second device which are connected using an audio/video (AV)
interface, the method including transmitting to the second device a first request
message to secure a path for transmitting a predetermined stream to the second device;
receiving by the first device, in response to the first message, from the second device a
second message including result information indicating whether the path is secured;
and if the path is secured, transmitting, in response to the second message, the prede-
termined stream to the second device.

The transmitting of the first message to the second device may include transmitting
to the second device a third message which is a request to check whether the path is
capable of transmitting the predetermined stream; receiving from the second device, in
response to the third message, a fourth message including information about attributes
of links between devices forming the path; and transmitting the first message to the
second device if it is determined based on the fourth message that the path is capable
of transmitting the predetermined stream.

The fourth message may include information regarding available bandwidths of the
links between the devices forming the path.

The information regarding the available bandwidths of the links may be added to the
third message by the devices forming the path and which relay the third message, and
the third message with the added information may be transmitted to the second device.

The first message may include information regarding bandwidth required to transmit
the predetermined stream.

According to another aspect, there is provided a method of receiving data by a

second device from a first device, which are connected based on an audio/video (AV)
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interface, the method including receiving from the first device a first request message
to secure a path for transmitting a predetermined stream to the second device;
transmitting, in response to the first message, to the first device a second response
message including result information indicating whether the path is secured; and
receiving, if the path is secured, in response to the second message, the predetermined

stream from the first device.
According to another aspect, there is provided an apparatus for transmitting data

from a first device to a second device, which are connected using an audio/video (AV)
interface, the apparatus including a path manager which transmits to the second device
a first request message to secure a path for transmitting a predetermined stream to the
second device, and which receives, in response to the first message, from the second
device a second response message including result information indicating whether the
path is secured; and a data transmitter which, if the path is secured, in response to the
second message, transmits the predetermined stream to the second device.

According to another aspect, there is provided an apparatus for receiving data by a
second device from a first device connected using an audio/video (AV) interface, the
apparatus including a path manager which receives from the first device a first request
message to secure a path for transmitting a predetermined stream to the second device,
and which, in response to the first message, transmits to the first device a second
response message including result information indicating whether the path is secured,;
and a data receiver which, if the path is secured, in response to the second message,
receives the predetermined stream from the first device.

According to another aspect, there is provided a non-transitory computer readable
recording medium having recorded thereon a computer program for executing the
method.

Mode for the Invention

Hereinafter, exemplary embodiments will be described with reference to the attached
drawings. The exemplary embodiments may be embodied in various forms without
being limited to the exemplary embodiments set forth herein. Descriptions of well-
known parts are omitted for clarity, and like reference numerals refer to analogous
elements throughout. Exemplary embodiments will be described regarding elements
that directly relate to an inventive concept, and descriptions of other elements will be
omitted. However, it does not mean that the elements whose descriptions are omitted
are unnecessary for embodying a method and an apparatus described below.

FIG. 1 is a diagram showing a network topology of devices connected based on an
audio and/or video (AV) interface, according to an exemplary embodiment. The AV

interface refers to an interface for transmitting and receiving AV data. An 'AV link'
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refers to a link established based on an AV interface according to an exemplary em-
bodiment, and a high-definition multimedia interface (HDMI) refers to a connection
based on a HDMI cable.

Referring to FIG. 1, AV devices may form a network based on an AV interface. AV
devices in a plurality of rooms may be connected to various other AV devices in the
same or different rooms based on an AV interface. In this case, a switch device for
relaying an AV link relays connection based on an AV interface. The switch device
may be an additional device for relaying an AV link, e.g., an AV link home switch
151, or may be an AV device (152, 153, 154, 155, 156, or 157) having a switch
function. AV devices such as an AV receiver (AVR) 152, a television (TV) 153, and a
Bluray disc player (BDP) 157 function as switch devices in a room1 110, and AV
devices such as TVs 155 and 156 function as switch devices in a room3 130 and a
room4 140.

Also, a switch device may be a device for switching an AV interface according to an
exemplary embodiment and an HDMI. For example, a switch device 154 in a room2
120 may receive AV data from a computer and a game console (GC) based on an
HDMI, and may transmit the received AV data to a device in the room1 110, the
room3 130, or the room4 140 via an AV link according to an exemplary embodiment.

The devices illustrated in FIG. 1 may be classified according to their functions to
source/leaf devices, source/switch devices, switch devices, sink/switch devices, and
sink/leaf devices.

A device for providing AV data without relaying an AV link, e.g., a set-top box
(STB) 164 of the room1 110, corresponds to a source/leaf device, and a device for
providing AV data to another device and relaying an AV link, e.g., the BDP 157 of the
room] 110, corresponds to a source/switch device. Also, a device for only relaying AV
links, e.g., the AV link home switch 151, corresponds to a switch device, and a device
for receiving AV data from another device and relaying an AV link, e.g., the TV 156
of the room4 140, corresponds to a sink/switch device. Lastly, a device for receiving
AV data from another device without relaying an AV link, e.g., the projector 163 of
the room4 140, corresponds to a sink/leaf device.

According to the network topology illustrated in FIG. 1, AV data of the BDP 157 of
the room1 110 may be transmitted via the AVR 152 and the AV link home switch 151
to the TV 155 of the room3 130 or the TV 156 of the room4 140. Also, a broadcasting
signal received by a STB 158 of the room4 140 may be transmitted via the AV link
home switch 151 to the TV 155 of the room3 130, or via the AV link home switch 151
and the AVR 152 to the TV 153 of the room1 110.

In other words, as illustrated in FIG. 1, in order to freely transmit and receive AV

data in a network based on an AV interface (hereinafter referred to as an 'AV network’,
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an AV interface according to an exemplary embodiment has to support bidirectional
transmission of data.

AV interfaces according to the related art, e.g., a digital visual interface (DVI) and an
HDMI, support only unidirectional data transmission from a source device to a sink
device. AV data of a source device may be only transmitted to a sink device, and the
sink device may not transmit AV data to the source device based on an AV interface
according to the related art, e.g., a DVI or an HDMI. For example, the TV 156 of the
room4 140 as a sink device may only receive AV data from the STB 158 connected
based on an HDMI, and may not transmit AV data to the STB 158.

However, an AV link based on an AV interface according to an exemplary em-
bodiment supports bidirectional transmission of data and may transmit and receive data
to and from a device of another room in the network topology illustrated in FIG. 1. In
particular, an AV link according to an exemplary embodiment allows bidirectional
transmission of uncompressed video data, and an example of bidirectional transmission
of data will be described in detail with reference to FIGS. 2A and 2B.

FIG. 2A is a diagram showing bidirectional transmission of data based on an AV
interface, according to an exemplary embodiment.

Referring to FIG. 2A, AV data (e.g., uncompressed video data) of a source devicel
210 (e.g., a BDP) may be reproduced by a sink devicel 216 (e.g., a projector), AV data
of a source device2 212 (e.g., a STB) may be reproduced by a source/sink device 214
(e.g., a personal computer (PC)), and AV data of the source/sink device 214 may be re-
produced by a sink/switch devicel 218 (e.g., a TV).

The sink/switch devicel 218 receives the AV data of the source devicel 210 and the
AV data of the source device2 212 from the source devicel 210 and the source device2
212, and transmits the received AV data to a switch device2 220 after performing time
division duplexing.

The switch device2 220 receives the AV data of the source devicel 210 and the AV
data of the source device2 212, relays the received data to transmit the AV data of the
source devicel 210 to the sink devicel 216, and to transmit the AV data of the source
device2 212 to the source/sink device 214. Also, the switch device2 220 receives the
AYV data from the source/sink device 214, and transmits the received AV data to the
switch devicel 218.

In considerations of links between the sink/switch devicel 218 and the switch
device2 220 and between the switch device2 220 and the source/sink device 214, AV
data, e.g., uncompressed video data, is not transmitted only in one directional but is
transmitted in two directions. Accordingly, each exemplary device illustrated in FIG.
2A is connected via one AV interface cable, an AV interface may perform bidi-

rectional data transmission via one cable, and may transmit AV data received from a
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plurality of source devices, by using a time division duplexing method.

FIG. 2B is a diagram showing bidirectional transmission of data based on an AV
interface, according to another exemplary embodiment.

Referring to FIG. 2B, AV data (e.g., uncompressed video data) of the source devicel
210 (e.g., a BDP) may be reproduced by the sink devicel 216 (e.g., a projector), AV
data of the source device2 212 (e.g., a STB) may be reproduced by the source/sink
device 214 (e.g., a PC), and AV data of the source/sink device 214 may be reproduced
by the sink/switch devicel 218 (e.g., a TV).

Although an exemplary method of transmitting and receiving data by using a time
division duplexing method is illustrated in FIG. 2A, a method of transmitting and
receiving data by using a space division duplexing method is illustrated in FIG. 2B. As
will be described later in relation to FIG. 4, an AV link based on an AV interface
according to an exemplary embodiment may include a plurality of sub-links. Also, the
sub-links may correspond to a plurality of spatially separate lanes representing
physical connections between devices. Accordingly, as illustrated in FIG. 2B, AV data
may be transmitted and received by using a space division duplexing method based on
a plurality of sub-links.

For example, in FIG. 2B, the sink/switch devicel 218 may transmit the AV data of
the source devicel 210 and the AV data of the source device2 212 by using two sub-
links after performing space division duplexing. Likewise, when the AV data of the
source/sink device 214 is received from the switch device2 220, another sub-link may
be used.

An AV interface according to the related art, e.g., a DVI or an HDMI may not allow
bidirectional transmission of AV data. Accordingly, a data transmission network may
not be formed by using an AV interface as illustrated in FIG. 1. However, an AV
interface according to an exemplary embodiment allows bidirectional data
transmission via one cable as illustrated in FIGS. 2A and 2B and thus may allow
formation of a flexible network in which various device are connected.

Referring back to FIG. 1, various types of data, e.g., Ethernet data and universal
serial bus (USB) data, as well as AV data may be transmitted and received based on an
AV interface according to an exemplary embodiment. A case when a laptop computer
160 of the room2 120 transmits Ethernet data via a wireless router 159 of the room1
110 to a PC 161 of the room3 130 will be described by way of an example. The
Ethernet data refers to data generally transmitted via a transmission control protocol/
Internet protocol (TCP/IP)-based local area network (LAN).

However, unlike an AV interface according to the related art, since an AV interface
according to an exemplary embodiment supports bidirectional data transmission,

Ethernet data may be transmitted and received based on an AV interface. Accordingly,
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the laptop computer 160 transmits the Ethernet data to the PC 161 in a network formed
by using AV links. For this, switch devices in the exemplary network illustrated in
FIG. 1 have a function of relaying Ethernet data. By switching link layers, the Ethernet
data is transmitted from the wireless router 159 to the PC 161.

According to another exemplary embodiment, when USB data of a camera 162 is
transmitted to the laptop computer 160, the switch devices transmit the USB data to the
laptop computer 160 by using a function of switching the USB data. Since various
types of data as well as AV data are transmitted based on an AV interface, various
devices may accesses a network connected based on an AV interface and may freely
transmit and receive data. The switch devices relay the USB data by switching link
layers.

Also, data for controlling a device and a network may also be transmitted and
received based on an AV interface according to an exemplary embodiment. For
example, a user may control the AVR 152 of the room1 110 by using the TV 153 of
the same room. The user controls the AVR 152 by manipulating the TV 153 and
transmitting data for controlling the AVR 152 based on an AV interface. Also, the TV
156 or the STB 158 of the room4 140, which accesses a network formed from an AV
interface, may also be controlled based on the AV interface.

Since the data for controlling a network connected based on an AV interface may
also be transmitted and received using the AV interface, as the data for controlling the
network, data for managing the network as well as data for setting links may also be
transmitted and received by using the AV interface.

Since various types of data are transmitted and received by using an AV interface, a
transmission unit of an AV network may include information regarding a data type.
The information regarding the data type may be included in a header of the
transmission unit of the AV network.

Furthermore, power may also be transmitted by using an AV interface according to
an exemplary embodiment. Predetermined power may be transmitted via an AV link,
e.g., USB interface, to a mobile device. As such, power for charging or operating the
mobile device is transmitted.

FIG. 3 is a diagram showing a hierarchical structure of an AV network, according to
an exemplary embodiment.

In order to transmit various types of data in two directions based on an AV interface
according to an exemplary embodiment as described above in relation to FIG. 1, the hi-
erarchical network structure illustrated in FIG. 3 may be used.

Referring to FIG. 3, the hierarchical network structure includes an application layer
310, a link layer 320, and a physical layer 330.

The application layer 310 includes sub-layers related to processing of data
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transmitted and received using an AV interface.

The application layer 310 of a source device may include a video source layer for
transmitting video data, an audio source layer for transmitting audio data, and a content
protection (CP) layer for protecting copyrights of AV contents, may also include an
Ethernet layer for transmitting Ethernet data, a TCP/IP layer, and a digital living
network alliance (DLNA)/universal plug and play (UPnP) layer, and may further
include a USB stack for transmitting USB data, and an AV interface command layer
for controlling an AV network.

Likewise, the application layer 310 of a sink device may include a video sink layer
for receiving video data, an audio sink layer for receiving audio data, and a CP layer
for protecting copyrights of AV contents, may also include an Ethernet layer for
receiving Ethernet data, a TCP/IP layer, and a DLNA/UPnP layer, and may further
include a USB stack for transmitting USB data, and an AV interface command layer
for transmitting control data.

The link layer 320 provides a function of accurately transmitting data of the ap-
plication layer 310 to a target device. The link layer 320 includes an isochronous data
pakt./depkt. layer for packetizing or depacketizing data that requires real-time
transmission, e.g., audio data and video data, also includes an asynchronous data
pakt./depkt. layer for packetizing or depacketizing data that does not require real-time
transmission, e.g., Ethernet data, USB data, and network control data, and further
includes a link management layer for managing AV links, and a network management
layer for managing a network based on the AV links.

A switch device includes a video switch layer, an audio switch layer, an Ethernet
switch layer, and a data switch layer for switching the link layer 320. The video switch
layer and the audio switch layer determine a source address and a destination address
of the link layer 320 based on the depacketization result of the isochronous data
pakt./depkt. layer, and perform switching based on the determination result. Likewise,
the Ethernet switch layer and the data switch layer determine a source address and a
destination address of the link layer 320 based on the depacketization result of the
asynchronous data pakt./depkt. layer, and perform switching based on the deter-
mination result.

The physical layer 330 is a layer for converting data of the link layer 320 into a
physical signal to transmit the data via a cable. All of the source device, the switch
device, and the sink device include the physical layer 330, and the physical layer 330
includes an AV connector, a physical transmission layer for transmitting data, and a
physical reception layer for receiving data.

The isochronous data pakt./depkt. layer or the asynchronous data pakt./depkt. layer

of the link layer 320 may transmit packetized data to a link transmission layer, and the
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link transmission layer may multiplex and transmit the packetized data to the physical
layer 330. As described above in relation to FIG. 2B, an AV link according to an
exemplary embodiment may include a plurality of sub-links to perform space division
duplexing, and an AV cable may include a plurality of spatially separate lanes corre-
sponding to the sub-links. Accordingly, the link transmission layer may multiplex the
packetized data, may allocate the multiplexed data to the lanes, and then may transmit
the allocated data to a plurality of physical transmission layers corresponding to the
lanes.

On the other hand, data received by a plurality of physical reception layers corre-
sponding to the lanes may be transmitted to the link reception layer, and link reception
layer may demultiplex and transmit the data received from the physical reception
layers, to the isochronous data pakt./depkt. layer or the asynchronous data pakt./depkt.
layer. The isochronous data pakt./depkt. layer or the asynchronous data pakt./depkt.
layer depacketizes and transmits the received data to the application layer 310 or
switch layers.

Exemplary transmission and reception of data according to the hierarchical network
structure illustrated in FIG. 3 are performed based on an address allocated to each
device in an AV network. In order to identify devices connected based on an AV
interface, a predetermined address is allocated to each device and data is transmitted
and received based on the allocated address.

FIG. 4 is a diagram showing a data transmission path according to an exemplary em-
bodiment.

Referring to FIG. 4, in a network established based on an AV interface as illustrated
in FIG. 1, in some cases, predetermined data is transmitted from a source device 410 to
a sink device 440 via a switch devicel 420 and a switch device2 430. If the source
device 410 and the sink device 440 are not directly connected, the switch devicel 420
and the switch device2 430 have to relay the data transmitted from the source device
410 to the sink device 440.

In FIG. 4, two switch devices (the switch devicel 420 and the switch device2 430)
exist between the source device 410 and the sink device 440. As such, A/V links are
established based on an AV interface.

The data transmitted from the source device 410 to the sink device 440 is a stream
and requires real-time transmission. In order to transmit the steam while maintaining
the quality of service (QoS), the linkO 411, the link1 421, and the link2 431 have to
secure bandwidth for transmitting the stream. As described above in relation to FIGS.
2A and 2B, switch devices relay data transmitted from a plurality of source devices by
multiplexing the relayed data by using a time or space division duplexing method.

However, if the switch devicel 420 and the switch device2 430 currently relay a large
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amount of data and thus a bandwidth needed to relay the stream transmitted from the
source device 410 to the sink device 440 is unavailable, the quality of a streaming
service may be greatly reduce or the streaming service itself may be disabled.

Accordingly, the source device 410 needs to secure bandwidth of the data
transmission path before transmitting the stream to the sink device 440. The bandwidth
of the data transmission path is determined based on the smallest bandwidth from
among bandwidths of the linkO 411, the link1 421, and the link2 431. An exemplary
method of securing a bandwidth of a data transmission path will now be described in
detail with reference to FIGS. 5 and 6.

FIG. 5 is a flowchart illustrating a streaming method according to an exemplary em-
bodiment.

Referring to FIG. 5, before the source device 410 transmits a stream to the sink
device 440 to start a streaming service, in operation 510, the source device 410 checks
a data transmission path to the sink device 440 whether a bandwidth of the data
transmission path is sufficient to execute the streaming service. Operation 510 will be
described in greater detail further below with reference to FIG. 6.

If the data transmission path supports the streaming service in operation 510, in
operation 520, the source device 410 requests the switch devicel 420 to secure the data
transmission path.

Although the data transmission path supports the streaming service in operation 510,
after the data transmission path is checked, a change may occur in available
bandwidths of the linkO 411 (shown in FIG. 4). For example, after the data
transmission path is checked in operation 510, and before a bandwidth for the
streaming service is allocated, the switch devicel 420 may relay other data and thus an
available resource of the switch devicel 420 may not be used for the streaming service.

Accordingly, in operation 520, the source device 410 requests the switch devicel 420
to secure the data transmission path. According to a request of the switch devicel 420,
a resource (e.g., a bandwidth) of the link0 411 (shown in FIG. 4) is allocated to the
steam transmitted from the source device 410.

If the source device 410 requests the switch devicel 420 to secure the data
transmission path in operation 520, the source device 410 and the switch devicel 420
secure the resource of the link0O 411 (shown in FIG. 4) by transmitting and receiving
data for controlling a network.

The resource of the linkO 411 (shown in FIG. 4) is secured by performing link
training and bandwidth allocation. The link training includes processes for setting a
link, e.g., initialization of the linkO 411 (shown in FIG. 4), setting of a link parameter,
clock synchronization, and channel equalization. The bandwidth allocation refers to al-

location of transmission units and will be described in greater detail below with
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reference to FIG. 8.

If the resource of the link0O 411 (shown in FIG. 4) is secured, in operation 530, the
switch devicel 420 relays to the switch device2 430 the request received in operation
520 to secure the data transmission path. The switch devicel 420 requests the switch
device2 430 to secure the data transmission path, and the switch devicel 420 and the
switch device2 430 secure a resource of the link1 421 (shown in FIG. 4) by
transmitting and receiving data for controlling a network. As in operation 520, the
resource of the link1 421 (shown in FIG. 4) is secured by performing link training and
bandwidth allocation.

If the resource of the link1 421 (shown in FIG. 4) is secured, in operation 540, the
switch device2 430 relays to the sink device 440 the request received in operation 530
to secure the data transmission path. The switch device2 430 requests the sink device
440 to secure the data transmission path, and the switch device2 430 and the sink
device 440 secure a resource of the link2 431 (shown in FIG. 4) by transmitting and
receiving data for controlling a network. As in operation 530, the resource of the link2
431 (shown in FIG. 4) is secured by performing link training and bandwidth allocation.

In operations 550, 560, and 570, the sink device 440 transmits to the source device
410 a response to the request received in operations 520, 530, and 540 to secure the
data transmission path.

If resources of all links of the data transmission path are secured in operations 520,
530, and 540, a response including information representing that the securing of the
data transmission path is succeeded is transmitted to the source device 410. In
operation 580, the streaming service is executed.

However, if any one of the linkO 411, the link1 421, and the link2 431 (shown in
FIG. 4) does not support the streaming service, the response transmitted in operations
550, 560, and 570 includes information representing that the securing of the data
transmission path is failed. If the securing of the data transmission path is failed,
already secured resources of links are released and return to previous states i.e., to the
states in which they were prior to being secured.

For example, although the resources of the linkO 411 (shown in FIG. 4) and the link1
421 (shown in FIG. 4) are secured for the streaming service, if the resource of the link2
431 (shown in FIG. 4) is not secured and thus the data transmission path is not secured,
the already secured resources of the 1inkQ 411 and the link1 421 (shown in FIG. 4)
return to previous states i.e., to the states in which they were prior to being secured.
The link training is canceled, and the bandwidth allocation for the streaming service is
canceled.

FIG. 6 is a flowchart illustrating a method of checking a data transmission path,

according to an exemplary embodiment. FIG. 6 shows operation 510 of FIG. 5 in
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greater detail.

Referring to FIG. 6, in operation 610, the source device 410 requests the switch
devicel 420 to check the data transmission path. The request includes information
regarding a resource (e.g., a bandwidth) required to execute the streaming service, and
information (e.g., information regarding an available bandwidth) regarding the linkO
411 between the source device 410 and the switch devicel 420.

In operation 620, the switch devicel 420 relays the request received in operation 610
to the switch device2 430. Before the request is relayed, information regarding the
link1 421 (shown in FIG. 4) between the switch devicel 420 and the switch device2
430 is further included in the request. In other words, the request transmitted in
operation 620 includes the information regarding a resource required for the streaming
service, the information regarding the linkO 411 (shown in FIG. 4), and the information
regarding and the link1 421 (shown in FIG. 4).

In operation 630, the switch device2 430 relays the request received in operation 620
to the sink device 440. Before the request is relayed, information regarding the link2
431 (shown in FIG. 4) between the switch device2 430 and the sink device 440 is
further included in the request. In other words, the request transmitted in operation 630
includes the information regarding a resource required for the streaming service, the
information regarding the linkO 411 (shown in FIG. 4), the information regarding and
the link1 421 (shown in FIG. 4), and the information regarding the link2 431 (shown in
FIG. 4).

The sink device 440 determines whether the data transmission path is valid based on
the request received in operation 630. Whether the data transmission path is valid may
be determined by comparing the information regarding a resource required for the
streaming service, to the information regarding the link(O 411, the information
regarding and the link1 421, and the information regarding the link2 431, (shown in
FIG. 4).

If a bandwidth required for the streaming service is less than an available bandwidth
of the link0Q 411, an available bandwidth of the link1 421, and an available bandwidth
of the link2 431, it may be determined that the data transmission path is valid.

If it is determined that the data transmission path is valid, in operations 640, 650, and
660, a response including information representing that the data transmission path is
valid is transmitted to the source device 410. In this case, information regarding all
links of the data transmission path may be included in the response. In other words, in-
formation regarding the available bandwidth of the linkO 411, the available bandwidth
of the link1 421, and the available bandwidth of the link2 431 may be included in the
response.

If it is determined that the data transmission path is invalid, in operations 640, 650,



14

WO 2012/023829 PCT/KR2011/006124

[103]
[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

and 660, a response including information representing that the data transmission path
is invalid is transmitted to the source device 410. Even in this case, information
regarding all links of the data transmission path may be included in the response.

FIG. 7 is a diagram showing an AV link according to an exemplary embodiment.

Referring to FIG. 7, an AV link established based on an AV interface, according to
an exemplary embodiment, may include a plurality of lanes. Each lane represents a
physical connection between devices and may correspond to a twisted pair (TP). Bidi-
rectional data communication is allowed via each lane.

The exemplary bandwidth allocation performed in operations 520, 530, and 540 il-
lustrated in FIG. 5 refers to allocation of one or more of a plurality of lanes illustrated
in FIG. 7, to a stream. Exemplary detailed descriptions thereof will now be provided
with reference to FIGS. 8, 9A, and 9B.

FIG. 8 is a diagram showing a method of allocating transmission units, according to
an exemplary embodiment.

In FIG. 8, allocation of transmission units to a forward sub-link when a direction
from the source device 410 to the sink device 440 is a forward direction will be
described by way of an example.

Referring to FIG. 8, bandwidth allocation refers to allocation of transmission units to
a stream transmitted by the source device 410 via each link. A transmission unit
includes a plurality of basic units, and refers to a unit of data transmission.

One cycle 810, 820, or 830 may include a plurality of transmission units (e.g., 1024
transmission units), and the transmission units may be simultaneously transmitted via a
plurality of lanes. Also, each transmission unit may include a plurality of basic units
(e.g., 256 basic units), and a basic unit refers to a minimum data unit. For example, a
basic unit of image data having a bit depth of 8 bits may be 8 bits. However, since an
8-bit basic unit may be channel-coded to be transmitted and received between devices,
the channel-coded basic unit may be bits greater than 8 bits (e.g., 10 bits).

The cycle 810, 820, or 830 refers to a cycle in which allocation of transmission units
is changed. The allocation of transmission units may be changed in a cycle, but may
not be changed while a streaming service is in process. The forward sub-link from the
source device 410 to the sink device 440 may include a plurality of lanes, and the al-
location of transmission units may be set differently with respect to each lane, or may
be set the same with respect to all lanes.

Transmission units are allocated by allocating a plurality of basic units included in
one transmission unit 840 to predetermined data. For example, a plurality of basic units
included in the transmission unit 840 may be allocated to a stream transmitted by the
source device 410. The allocated basic units 842 may be transmitted with the

remaining unallocated basic units 841 in one basic unit 840.
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Since allocation of transmission units may be changed in each cycle 810, 820, or
830, as described above, information regarding the allocation of transmission units
may be included in a cycle start packet 821 or 831 when each cycle 810, 820, or 830 is
started, and may be transmitted to a device connected via an AV link at another end.
The device at the other end may receive the information regarding the allocation of
transmission units in the cycle start packet 821 or 831 of the cycle 810, 820, or 830,
and may extract from a received transmission unit only basic units corresponding to
the stream transmitted by the source device 410 based on the received information. The
cycle start packet 821 or 831 may be included in at least one transmission unit initially
transmitted on each cycle 810, 820, or 830 as illustrated in FIG. 8.

FIGS. 9A and 9B are diagrams showing a method of allocating transmission units to
a stream, according to an exemplary embodiment.

Referring to FIG. 9A, if a forward sub-link includes a lane L0, a bandwidth may be
allocated by allocating some basic units 910 of a transmission unit transmitted via the
lane LO to a stream transmitted by the source device 410. Specifically, basic units 163
to 255 are allocated to the stream A.

Also, as illustrated in FIG. 9B, if a forward sub-link includes lanes LO, L1, and L2, a
bandwidth may be allocated by allocating some basic units 920 of transmission units
transmitted via the lanes L0, L1, and L2 to a stream transmitted by the source device
410. Specifically, basic units 244 to 255 of lanes LO, L1, and L2 are allocated to the
stream A.

FIG. 10 is a diagram showing devices in a network established based on an AV
interface, according to an exemplary embodiment.

In FIG. 10, marked numbers refer to numbers of ports, and black circles refer to ports
of an AV network. All number-0 ports refer to ports having a host function, and black
rectangles refers to Ethernet ports. Circles with X refer to switches for relaying
transmitted and received data in an AV network. However, a router switch refers to an
Ethernet switch for relaying only Ethernet data.

In order to execute the streaming service in operation 580 illustrated in FIG. 5,
devices in an AV network established based on an AV link have to accurately relay a
stream of the source device 410 to the sink device 440. For this, the devices in the AV
network illustrated in FIG. 10 receive the stream via a port mapped to the source
device 410 and transmit the stream via a port mapped to the sink device 440. In this
case, each device may relay the stream with reference to forwarding tables in which
ports and streams are mapped. The exemplary forwarding tables will now be described
with reference to FIGS. 11A through 111.

FIGS. 11A through 111 are forwarding tables for relaying streams, according to an

exemplary embodiment.
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When a total of five streams are transmitted and received among the exemplary
devices illustrated in FIG. 10, for example, when a STB 1010 transmits a stream A to a
TV1 1020, the TV1 1020 transmits a stream B to an AVR 1030, a BDP 1040 transmits
a stream C to a TV2 1050, the STB 1010 transmits a stream D to a PC2 1060, and a
GC 1070 transmits a stream E to a TV3 1080, FIG. 11A is an exemplary forwarding
table of the STB 1010, FIG. 11B is an exemplary forwarding table of the AVR 1030,
FIG. 11C is an exemplary forwarding table of a personal video recorder (PVR) 1090,
FIG. 11D is an exemplary forwarding table of the TV1 1020, FIG. 11E is an exemplary
forwarding table of the TV2 1050, FIG. 11F is an exemplary forwarding table of the
GC 1070, FIG. 11G is an exemplary forwarding table of the PC2 1060, FIG. 11H is an
exemplary forwarding table of the TV3 1080, and FIG. 111 is an exemplary forwarding
table of the BDP 1040.

A Source Address item defines an address of a source device in an AV network for
the five streams. A Stream Index item defines identifiers for identifying a plurality of
streams transmitted by one source device, and In Port and Out Port items respectively
define a port for receiving a stream and a port for transmitting a stream. A BW item
defines a bandwidth required to transmit and receive each stream.

FIG. 12 is a diagram showing an asynchronous data packet according to an
exemplary embodiment.

Request and responses transmitted and received between devices in operations 520,
530, 540, 550, 560, 570, and 580 illustrated in FIG. 5, operations 620, 630, 640, 650,
and 660 illustrated in FIG. 6 are requests and responses transmitted and received to
control a network and correspond to the above-mentioned asynchronous data. FIG. 12
is a view shows the structure of an asynchronous data packet according to an
exemplary embodiment.

Referring to FIG. 12, a 'Header' of the asynchronous data packet transmitted and
received in an AV network includes a Destination Address' field indicating an AV
network address of a destination, and a 'Source Address' field indicating an AV
network address of a source. A "Type' field which defines the type of the asynchronous
data packet, and includes information representing whether the asynchronous data
packet is a packet for managing a link layer, a packet including an Ethernet frame, a
packet including a command for controlling an application layer, or an acknowl-
edgement (ACK) packet for acknowledging whether data is received. A 'SubType'
field is used to define a detailed type that is more specific than the type defined in the
Type' field.

A 'Control Flags' field defines flags for controlling a packet, as illustrated by way of
an example in FIG. 13. Referring to FIG. 13, the 'Control Flags' field may include a
'Path Processing Required' field, a 'Forwarding Prohibited' field, and an 'ACK



17

WO 2012/023829 PCT/KR2011/006124

[126]

[127]

[128]

[129]

[130]

[131]

[132]

Requested' field. The 'Path Processing Required' field represents that the asynchronous
data packet is a packet to be processed and/or modified by a device that receives the
packet, the 'Forwarding Prohibited' field prohibits the asynchronous data packet from
being relayed, and the 'ACK Requested' field forcibly requests a device that receives
the asynchronous data packet, to send an acknowledgement response.

Referring back to FIG. 12, a 'data’ field of a transmission unit in an AV network
includes substantially transmitted data. The data field carries data as data payload and
also may include some padding if necessary. If the asynchronous data packet includes
information regarding allocation of transmission units, the information regarding the
allocation of transmission units is included in the 'data'field.

FIGS. 14 and 15 are diagrams showing a packet periodically transmitted by devices
in an AV network, according to an exemplary embodiment.

As illustrated in FIGS. 1 and 10, in order to maintain a network established by using
an AV interface, devices in the network have to notify other devices in the network
about their presence. Accordingly, devices in an AV network periodically transmit a
packet for notifying other devices about their presence as illustrated by way of an
example in FIG. 14. The periodically transmitted packet illustrated in FIG. 14 is also a
packet for controlling a network, corresponds to an asynchronous data packet, and may
be included in the exemplary 'data’ field illustrated in FIG. 12 so as to be transmitted to
other devices.

The exemplary presence packet may comprise of four bytes carrying a number of
fields. For example, A 'Num. of Ports' field defines a total number of ports of a device,
and a 'Number of Ethernet Ports' defines the number of Ethernet ports from among all
ports. An 'EMA' field defines an Ethernet address of a device, a 'Port Number' field
defines a number of a port, and a 'Port Status'field defines a state of a port.

A Number of Lanes' defines the number of lanes when one port includes a plurality
of lanes as illustrated by way of an example in FIG. 7.

‘Supported Functions' and 'Function Status' fields respectively define functions
supported by a device, and current states of the functions. Exemplary detailed de-
scriptions of the function fields will now be provided with reference to FIG. 15.

Referring to FIG. 15, the 'Supported Functions' field corresponds to a byte2, and
includes a 'VSR' 'VSK' 'ASR''ASK' 'ETH' and 'USB' fields. The "VSR' field represents
that a device may function as a video source, and the 'VSK' field represents that a
device may function as a video sink. The '"ASR' and 'ASK' fields respectively represent
that a device may function as an audio source and an audio sink. The 'ETH' field
represents that a device has a function of transmitting and receiving Ethernet data. The
'USB' field represents that a device has a function of transmitting and receiving USB
data.
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The 'Function Status' field corresponds to a byte3, and represents whether the
functions defined in the 'Supported Functions' field are currently activated.

FIG. 16 is a diagram showing a packet requesting to check a data transmission path,
according to an exemplary embodiment.

FIG. 16 shows a packet requesting to check a data transmission path, which is
transmitted from the source device 410 to the sink device 440 in operations 610 and
620 illustrated in FIG. 6, according to an exemplary embodiment. The packet re-
questing to check the data transmission path is also a packet for controlling a network,
corresponds to an asynchronous data packet, and may be included in the 'data’ field il-
lustrated in FIG. 12 to be transmitted to the sink device 440.

Referring to FIG. 16, a 'Required Bandwidth' field defines a bandwidth required
when the source device 410 executes a streaming service, and a 'Resource Type' field
defines the type of data transmitted by the source device 410. Since the source device
410 transmits a stream and the stream is isochronous data, the 'Resource Type' field
may be set to represent isochronous data.

A 'Source RDA' field defines an AV network address of the source device 410, and a
'Port Number' field defines a number of a port for transmitting a stream. An 'Available
Bandwidth' field defines an available bandwidth of a link included in the data
transmission path.

If the source device 410 transmits to the switch devicel 420 a request including a
first line field 1600 and a second line field 1610 in operation 610 illustrated in FIG. 6,
the switch devicel 420 transmits the request to the switch device2 430 by adding a
third line field 1620, and the switch device2 430 immediately prior to the sink device
440 transmits the request to the sink device 440 by adding a fourth line field 1630.

The 'Available Bandwidth' field of the second line field 1610 defines an available
bandwidth of the linkO 411 (shown in FIG. 4), the 'Available Bandwidth' field of the
third line field 1620 defines an available bandwidth of the link1 421 (shown in FIG. 4),
and the 'Available Bandwidth' field of the fourth line field 1630 defines an available
bandwidth of the link2 431 (shown in FIG. 4).

A 'First Branch RDA' field defines an AV network address of the switch devicel 420
(shown in FIG. 4), and a 'Last Branch RDA' field defines an AV network address of
the switch device2 430.

FIG. 17 is a diagram showing a response packet to a packet for requesting to check a
data transmission path, according to an exemplary embodiment.

The sink device 440 (shown in FIG. 4) receives the packet for requesting to check the
data transmission path as illustrated by way of an example in FIG. 16, and transmits
the response packet to the source device 410 (shown in FIG. 4) as illustrated by way of
an example in FIG. 17. A difference from the packet illustrated in FIG. 16 is that a
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'‘Response Code' field is added. The sink device 440 that receives the packet illustrated
in FIG. 16 determines whether the data transmission path has a sufficient bandwidth
for supporting a streaming service, with reference to the 'Available Bandwidth' field
included in the received packet, and defines information regarding a determination
result in the 'Response Code' field, thereby generating the response packet. The
generated response packet is included in the 'data’ field illustrated in FIG. 12 to be
transmitted to the source device 410 (shown in FIG. 4).

FIG. 18 is a diagram showing a packet for requesting to ensure a data transmission
path, according to an exemplary embodiment.

The source device 410 receives the response packet as illustrated in FIG. 17, and
generates and transmits to the sink device 440 the packet for requesting to ensure the
data transmission path as illustrated in FIG. 18. 'Required Bandwidth', 'Resource Type'
and 'Source RDA' fields are analogous to those exemplary fields illustrated in FIGS. 16
and 17. A 'Stream Index' field identifies a stream, and is analogous to the exemplary
Stream Index item illustrated in FIGS. 11A through 111. The packet for requesting to
ensure the data transmission path is also a packet for controlling a network, cor-
responds to an asynchronous data packet, and is included in the 'data’ field illustrated in
FIG. 12 to be transmitted to the sink device 440.

FIG. 19 is a diagram showing a response packet provided in response to a packet that
is requesting to ensure a data transmission path, according to an exemplary em-
bodiment.

The sink device 440 (shown in FIG. 4) receives the packet for requesting to ensure
the data transmission path as illustrated by way of an example in FIG. 18, and
transmits the response packet to the source device 410 (shown in FIG. 4) as illustrated
in FIG. 19. A difference from the packet illustrated in FIG. 18 is that a 'Response Code'
field is added. If the data transmission path is secured in operations 520, 530, and 540
illustrated in FIG. 5, the response packet in which information representing that the
securing of the data transmission path is succeeded is included in the 'Response Code'
field is transmitted to the source device 410 (shown in FIG. 4). Otherwise, if the data
transmission path is not secured, the response packet in which information representing
that the securing of the data transmission path is failed is included in the 'Response
Code' field is transmitted to the source device 410 (shown in FIG. 4).

The response packet illustrated in FIG. 19 is also a packet for controlling a network,
and corresponds to an asynchronous data packet, and is included in the exemplary
'data’ field illustrated in FIG. 12 which is transmitted to the source device 410.

FIG. 20 is a diagram showing a data transmission apparatus and a data reception
apparatus, according to an exemplary embodiment.

Referring to FIG. 20, the data transmission apparatus of the source device 410
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includes a path manager 2010 and a data transmitter 2020, the data reception apparatus
of the sink device 440 includes a path manager 2030 and a data receiver 2040.

The source path manager 2010 checks and secures a data transmission path in com-
munication with the sink path manager 2030. The source path manager 2010 generates
and transmits to the sink path manager 2030 a packet requesting to check for the data
transmission path as illustrated by way of an example in FIG. 16, and the sink path
manager 2030 generates and transmits to the source path manager 2010 a response
packet as illustrated by way of an example in FIG. 17. If the data transmission path
includes a bandwidth for transmitting stream data, the source path manager 2010
generates and transmits to the sink path manager 2030 a packet requesting to secure the
data transmission path as illustrated by way of an example in FIG. 18, and the sink
path manager 2030 generates and transmits to the source path manager 2010 a
response packet as illustrated by way of an example in FIG. 19.

If the data transmission path is completely checked and secured, the data transmitter
2020 transmits a stream to the data receiver 2040, thereby starting a streaming service.

According to an exemplary embodiment, since a stream is transmitted after a
bandwidth of a data transmission path is secured, a streaming service may be executed
while maintaining the QoS. Accordingly, the stability of the streaming service may be
increased and user experiences may be improved in a network connected using an AV
interface.

While exemplary embodiments have been particularly shown and described, it will
be understood by one of ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit and scope of the
invention as defined by the following claims and their equivalents. The invention can
also be embodied as computer readable codes on a computer readable recording
medium (tangible or non-tangible). The computer readable recording medium is any
data storage device that can store data which can be thereafter read by a computer
system.

For example, a data transmission apparatus and a data reception apparatus according
to an exemplary embodiment may include 1) a bus coupled to every element in the
exemplary apparatuses illustrated in FIG. 20, 2) at least one processor connected to the
bus, and 3) a memory connected to the bus to store commands, that receives and
generates messages, where the processor executes the commands.

Examples of the computer readable recording medium include read-only memory
(ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy disks, and
optical data storage devices. The computer readable recording medium can also be dis-
tributed over network coupled computer systems so that the computer readable code is

stored and executed in a distributed fashion.
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Claims

A method of transmitting data from a first device to a second device
which are connected using an audio/video (AV) interface, the method
comprising:

transmitting to the second device a first request message to secure a
path for transmitting a predetermined stream to the second device;
receiving by the first device, in response to the first message, from the
second device a second response message comprising result in-
formation indicating whether the path is secured; and

if the path is secured, transmitting by the first device, in response to the
second message, the predetermined stream to the second device,.

The method of claim 1, wherein the transmitting the first message to
the second device comprises:

transmitting to the second device a third message which is a request to
check whether the path is capable of transmitting the predetermined
stream;

receiving, in response to the third message, from the second device a
fourth message comprising information about attributes of links
between devices forming the path,; and

transmitting the first message to the second device if it is determined
based on the fourth message that the path is capable of transmitting the
predetermined stream.

The method of claim 2, wherein the fourth message comprises in-
formation regarding available bandwidths of the links between the
devices forming the path.

The method of claim 3, wherein the information regarding the available
bandwidths of the links is added to the third message by the devices
forming the path and which relay the third message, and wherein the
third message with the added information is transmitted to the second
device.

The method of claim 1, wherein the first message comprises in-
formation regarding bandwidth required to transmit the predetermined
stream.

A method of receiving data by a second device from a first device,
where the devices are connected via an audio/video (AV) interface, the
method comprising:

receiving from the first device a first request message to secure a path
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for transmitting a predetermined stream to the second device;
transmitting by a second device, in response to the first message, to the
first device a second response message comprising result information
indicating whether the path is secured; and

if the path is secured, receiving by the second device in response to the
second message, the predetermined stream.

The method of claim 6, wherein the receiving the first message from
the first device comprises:

receiving from the first device a third message which is a request to
check whether the path is capable of transmitting the predetermined
stream;

transmitting, in response to the third message, to the first device a
fourth message comprising information about attributes of links
between devices forming the path; and

receiving the first message from the first device if it is determined
based on the fourth message that the path is capable of transmitting the
predetermined stream.

An apparatus for transmitting data from a first device to a second
device which are connected using an audio/video (AV) interface, the
apparatus comprising:

a path manager which transmits to the second device a first request
message to secure a path for transmitting a predetermined stream to the
second device, and which receives, in response to the first message,
from the second device a second response message comprising result
information indicating whether the path is secured; and

a data transmitter which, if the path is secured, transmits in response to
the second message, the predetermined stream to the second device.
The apparatus of claim 8, wherein the path manager transmits to the
second device a third message which is a request to check whether the
path is capable of transmitting the predetermined stream, receives, in
response to the third message, from the second device a fourth message
comprising information about attributes of links between devices
forming the path, and transmits the first message to the second device if
it is determined based on the fourth message that the path is capable of
transmitting the predetermined stream.

The apparatus of claim 9, wherein the fourth message comprises in-
formation regarding available bandwidths of the links between the

devices forming the path.
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[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]
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The apparatus of claim 10, wherein the information regarding the
available bandwidths of the links is added to the third message by the
devices forming the path and which relay the third message, and
wherein the third message with the added information is transmitted to
the second device.

The apparatus of claim 8, wherein the first message comprises in-
formation regarding bandwidth required to transmit the predetermined
stream.

An apparatus for receiving data by a second device transmitted from a
first device which are connected using an audio/video (AV) interface,
the apparatus comprising:

a path manager which receives from the first device a first request
message to secure a path for transmitting a predetermined stream to the
second device, and which transmits, in response to the first message, to
the first device a second response message comprising result in-
formation indicating whether the path is secured; and

a data receiver, which, if the path is secured, receives the prede-
termined stream, in response to the second message, from the first
device.

The apparatus of claim 13, wherein the path manager receives from the
first device a third message which is a request to check whether the
path is capable of transmitting the predetermined stream, transmits, in
response to the third message, to the first device a fourth message
comprising information about attributes of links between devices
forming the path, and receives the first message from the first device if
it is determined based on the fourth message that the path is capable of
transmitting the predetermined stream.

A non-transitory computer readable recording medium having recorded

thereon a computer program for executing the method of claim 1 or 6.



1/21

PCT/KR2011/006124

WO 2012/023829

[Fig. 1]

ANIT AV

¢NOOY

ANITAY

HOLIMS INOH
/ANIT AY

rNOQCY

HOLIMS
JNOH
ANIT AY

19INY3H14

661l oS HOLMS INGHAINTIAY =
.ﬁQ LINOOH
U o
"
= 191 _—
AN AY @
13Ng3HL3
HOLIMS
NI AY

qql
_ ANIT AY asn

\ c9t
ENOOH

o€l



2/21

PCT/KR2011/006124

WO 2012/023829

[Fig. 2A]

30IA3A MNIS/30HN0S

¢ 3D2IA3A HOLIMS

vle

w

I 3DIA3A HOLIMS/AINIS

3

EXNIS

A

0cce

9l¢

IANIS
4

L 40IA30 UNIS

8l¢

cle

I 30I1A30 304N0S

Yoy

W _.om&

¢ 301A3A F0HNAS

0lc



3/21

PCT/KR2011/006124

WO 2012/023829

[Fig. 2B]

J0IA3A ANIS/3THN0S

¢ 40I1A40 HOLIMS

I 30IA3A HOLIMS/MNIS

MS

9le

I 40IA30 324N0S

IANIS
)

I 3OIA3A MNIS

[
LodS
/

¢ 30IA3A 30HN0OS

0l¢



PCT/KR2011/006124

4/21

WO 2012/023829

[Fig. 3]

719Y0 AY T19Y0 A
0f 1404 I 1 4 1H0d 07 1404 I 1 0 140d
-1 v r h 4 r v h 4
/ woomwoonr  \ |1/ eowoawoow  \i1/  woomwoany  \i|/  romoawoowr  \
(08¢) YAV
TYISAHd * . * L | * _ « * . * _ * . * _
ONIAZOH NOISSINGNYEL] | ¢ [NoIssIwSNwaL] | [ oNiA03 ONAZOH || [NOISSINSNYEL ONINZOH HOISSIASNYAL
(Y s THOISAHd THOISAHd TS Y IS TS |H{U Tv0ishHd TYOISAHd
ONINEO3Y NOISSINSNVEL] | | [NCISSINSNYEL] [ ONN30H ONNZOH | [NOISSIASNWEL] ! | [ ONINROH NOISSIASNYAL
AN NN AN N NI N 3NN N
o L0 ivd A0 L "D Divd DI Dl =D/ i L0 e 19630/ e 130 ivd
108) e3A71 .10 ks L1 1Y 140 ly0 LY .40
JIWANIT SNONGHFONASY SIONCEHI0S! SONOYH0S! SIONCEHOS! | 1| SNONOHHONASY | | SMONORHOOSI |} | SMONCHHONASY SMONOHA0S!
T T T
| INIAS LN ) ETERe _ LN
| N 1IN [ 9N _ N
' L L '
_ IS O T I T _ INHOVT
_ YHOMLIN ouws | [Houms | [oemowed] [Homs | [ Houws _ HHOMLEN
L Qlany vl | [vomian| [aveHia| | o3an
1 ] | A TGon]
[EEE 0 [0 ¥ T ERT ol IR
(015) 4IAY] ONYHIAQD R, A N S A S e o | e o
NOLLYD e stz swis || s HILIMS 21 &_aaméwmmo_zmm;: FOHN0S 0805
didf ay [P1anv|o3ai duenfisnil 4y [loianvllosam
h \ | | \
IYNTC .
o 301830 NS 301430 HOLINS 3000 3HN08




5/21

PCT/KR2011/006124

WO 2012/023829

[Fig. 4]

301A3d
ANIS

ovv

(LEY)
ZINIT

¢301A3d
HOLIMS

oev

(lev)
EMN

F30I1A3Q
HOLIMS

0cv

(Llv)
OMNIM

301A3d
304N0S

(0187




6/21

PCT/KR2011/006124

WO 2012/023829

[Fig. 5]

(08S) DNINYIYLS

(0GS) ISNOJSIH HNIHNIAS HLvd

(0¥S) 1S3N03IH HNIYNDIS H1vd

(098) ISNOJS3H ONIHNDIS HL1Vd

(0£9) LS3IND3IY HNIUNDOIS HLvd

(0£9) ISNOJSIH HNIHNOIS HLvd

(02S) LS3ND3IY HNIYNOIS HL1Vd

ONI¥O4HI H1vd

30IA4d
ANIS

)47

¢301A4d
HOLIMS

0ty

018

1901A3d
HOLIMS

Ocy

30IAdd
324N0S

Oty




7/21

PCT/KR2011/006124

WO 2012/023829

[Fig. 6]

(DINIT ANV
“IMNIT OMNIT DNIdH YD
NQILYWHOANI DNIANTONI)

(NI ANV

“PINIT “0OXMNIT DNIAHYO3Y
NOILYWHOANI DNIGNTONI)

(ZINIT ANV
“IMNIT SOMNIT ONIAHYD3H
NOILYIWHOANI DNITNTINI)

(0%9) ISNOSIH ONIMDIHD H1vd

(@ANIT ANV
“ANIT JOMNIT DNIAEYD3IH
NOILYINHOLNI DNIGNTONI)

(0£9) 1S3INDIH HNIMOIHO HLvd

(059)3SNOdSIH ONIMOIHO HLvd

(IXNIT ANV OXNIT DNIdEvY93Y
NOILYWHOANI ONIGNTONI)

(029) 1S3INDIH DNIMOIHD HLvd

(099) ISNOJSIH DNIMOIHI H1vd

(OMNIT DNIJHV9O3d
NOILYWHOLNI ONIANTONI)

(019) 1S3INDIH HONIMOIHD HLVd

301A3d
ANIS

orv

¢30IAd0
HOLIMS

F40IAdd
HOLIMS

0ty

J3IA4d
30dN0S

Ocy

87

[Fig. 7]

TA\VZANVIANVZA
L L L L




8/21

PCT/KR2011/006124

WO 2012/023829

[Fig. 8]

(2v8)
SINV3H1S OL (1¥8)
a3LvO0TIV  SLINN OISvd
SLINN 0ISVE  Q3L¥O0TIVNN
0 88¢ ™ [M1LINN OIsve
[L-w] | [o'h-w] (fggob =Wl . [V-w] | [o'h-w] |[g20l' =Wl yNPA-8NS NI
LINN DISYE|LINN 2IS¥a[LINN ISvd LINN DISYG|LINN QISYE[LINN QISYE| 3N 1SV
[1'0] | [o'0] [[ez0b'ol| . [0l | [0°0] [[€20L°01| yNT-gnS NI
1IN DISYE| LINN 2ISY8|LINN ISvd 1IN DISYE|LINN DISYS[LINN ISYE|  INvT 1SHI4

N peojied IPH

(1£8) L13IMOVd LHVYLS F10A0

) peojAed IPH

(128) L3IMOVd LHVLS F10AD

(0£8) L+N 310AD

(028) N 3T10AD

(018)L-N 310AD



9/21

WO 2012/023829

PCT/KR2011/006124
[Fig. 9A]
L0 Te}
Lo Lo
N Nl
<C
o1&
= @
»n
™
©
ho
5}
T
&}
=
g c
3 S
L
©
fon
)
o [}

LO :
L3



10/21

WO 2012/023829 PCT/KR2011/006124
[Fig. 9B]
Lo
Lo
[aV]
z
(]
8 S
n
]
<t
N
©
Q
IS
[&]
<o
©
c
oD
o
S~ o @
— — — —



WO 2012/023829

[Fig. 10]

11/21

PCT/KR2011/006124

110

1020

V1

—
L
=
o
L
£
=
i
=
o
0 o
T =
T —
] ) N ©
a o
ax
o
o
O
()
= F
o S
Z —
=
=

h m

= =

(@) w
(@)
o

o o o

r~ © 2 ©

o o =1 <

™

=

O

Q

[as

o ™

(@) O
& T P

[Fig. 11A]
Stream In Out BW
Source Stream Port Port (Mbps)
Address Index
RDA_STB 0x01 0 0 1782
RDA_STB 0x02 0 0 3564
RDA_GC Ox01 1 1 3564
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[Fig. 11B]
Stream In Out BW
Source Stream Port Port (Mbps)
Address Index
RDA_STB Ox01 2 1 1782
RDA_TV1 0x01 1 0 49
RDA_BDP Ox01 3 1 7128
RDA_STB 0x02 2 1 3564
RDA_GC 0x01 1 2 3564
[Fig. 11C]
Stream In out BW
Source Stream Port Port (Mbps)
Address Index
RDA_STB 0x01 2 1 1782
RDA_TV1 Ox01 1 2 49
RDA_BDP 0x01 2 1 7128
RDA_STB 0x02 2 1 3564
RDA_GC Ox01 1 2 3564
[Fig. 11D]
Stream In oul BW
Source Stream Port Port (Mbps)
Address Index
RDA_STB 0x01 2 0 1782
RDA_TV1 0x01 0 2 49
RDA_BDP Ox01 2 1 7128
RDA_STB 0x02 2 1 3564
RDA_GC 0x01 1 2 3564
[Fig. 11E]
Stream In Out BW
Source Stream Port Port (Mbps)
Address Index
RDA_BDP 0x01 1 0 7128
RDA_STB 0x02 1 2 3564
RDA_GC 0x01 2 1 3564
[Fig. 11F]
Stream In out BW
Source Stream Port Port (Mbps)
Address Index
RDA_STB 0x02 1 2 3564
RDA_GC 0Ox01 0 1 3564
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[Fig. 11G]
stream In Out BW
Source Stream Port Port (Mbps)
Address Index
RDA_STB 0x02 1 0 3564
[Fig. 11H]
Stream In Out BW
Source Stream Port Port (Mbps)
Address Index
RDA_GC 0x01 1 0 3564
[Fig. 111]
Stream In Out RW
Source Stream Port Port (Mbps)
Address Index
RDA_BDP Ox01 0] 1 7128
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