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a media content source to predict which media stream(s) are
desired by the requesting client device and begin streaming

(73) Assignee: Microsoft Corporation, Redmond, WA those predicted media stream(s) to the client device. The
delivery channel switching technique allows the media
(21)  Appl. No.: 10/838,465 content source to begin streaming the media stream(s) using
: one delivery channel (e.g., using the Transmission Control
22 s . S 5
(2) Eled: Dlay: 2, 2009 Protocol (TCP)), and then check whether another delivery
Publication Classification channel (e.g., using the User Datagram Protocol (UDP)) will
work and switch to that other delivery channel if it will
(51)  Int. CL7 e sssssise s s06F 15/16 work.
200
CLIENT DEVICE 102 } SERVER DEVICE 104
202 |
[GENERATE PREDICTIVE PLAY REQUEST] |
|
204 ~ v | 206
[SEND PREDIGTIVE PLAY REQUESY 10 ]—\—{ RECEIVE PREDICTIVE PLAY REQUESTJ
SERVER | _
| v 208
| PREDICT MEDIA STREAM(S) DESIRED
| By CLIENT
| ~210
212 ~, | STREAM PREDICTED MEDIA STREAM(S)
RECEIVE PREDICTED MEDIA TO CLIENT — INCLUDES |IDENTIFICATION
STREAM(S) | OF PREDICTED MEDIA STREAM(S) AND
| AVAILABLE MEDIA STREAM(S)
214 |
No DIFFERENT MEDIA |
STREAM(S) SELECTED? |
|
218 ~ | 220
SEND INDICATION OF SELECTED MEDIA RECEIVE INDICATION OF SELECTED |
STREAM(S) TO SERVER | MEDIA STREAM(S) 7
| 222
| IDENTIFY MEDIA STREAM(S) TO SEND )
| TO CLIENT, INCLUDING ANY SELECTED
| MEDIA STREAM(S) y
226 ~ | v 224
3y
STREAM IDENTIFIED MEDIA STREAM(S)
RECEIVE IDENTIFIED MEDIA STREAM(S) | 16 CLENT g
|
EROCESS RECEIVED MEDIA STREAM(S)) |
z |
2167 |

Wildseed Mobile EX2014
Google v. Wildseed Mobile
|PR2023-00244



Patent Application Publication Nov. 24, 2005 Sheet 1 of 7 US 2005/0262251 Al

100

102(1)

104(b)

102(a)

102(2)

CLIENT

104(1) 104(2)



Patent Application Publication Nov. 24, 2005 Sheet 2 of 7

US 2005/0262251 Al

102 ~, 104 g
( CLIENT DEVICE ) ( SERVER DEVICE )
- < | _—150 Kx( "
APPLICATION LEVEL APPLICATION LEVEL
PrROTOCOL 152 PrRoTOCOL
> A e <
TRANSPORT TRANSPORT
PrRoOTOCOL 154 PROTOCOL
> < I — -\-\_H______‘} 4.
DELIVERY CHANNEL DELIVERY CHANNEL
\ J L Y y
\. 4
Fig. 2
102 ~ 104 ~
CLIENT DEVICE PREDICTIVE PLAY SERVER DEVICE
REQUEST 182
RESPONSE WITH PREDICTED
DATA STREAM(S) 184
STREAM SELECTION 186
RESPONSE WITH SELECTED
DATA STREAM(S) 188
N J s J

i




Patent Application Publication Nov. 24, 2005 Sheet 3 of 7

20

CLIENT DEVICE 102
202 ~

~N

[GENERATE PREDICTIVE PLAY REQUEST
y

US 2005/0262251 Al

SERVER DEVICE 104

|
l
l
|
204 ~ v | - 206
; “ /' ==
DEND PREICTIVE PRAY-IsRQUESF T |l 5/ Receive PREDICTIVE PLAY REQUEST
SERVER
y | A Yy
I v - 208
| (" PREDICT MEDIA STREAM(S) DESIRED )
[ q By CLIENT )
I ! 210
212~ (STREAM PREDICTED MEDIA STREAM(S) )
RECEIVE PREDICTED MEDIA TO CLIENT — INCLUDES |DENTIFICATION
STREAM(S) OF PREDICTED MEDIA STREAM(S) AND

No

DIFFERENT MEDIA
STREAM(S) SELECTED?

a8

218 ~

226 ~, |

»
SEND INDICATION OF SELECTED MEDIA
STREAM(S) TO SERVER

AVAILABLE MEDIA STREAM(S)

. y

220

RECEIVE INDICATION OF SELECTED )
MEDIA STREAM(S)

N J

v - 222

(" IDENTIFY MEDIA STREAM(S) TO SEND )
TO CLIENT, INCLUDING ANY SELECTED
MEDIA STREAM(S)

[RECEIVE IDENTIFIED MEDIA STREAM(S)}—J—

LI
s
[PROCESS RECEIVED MEDIA STREAM(SB

|
|
|
. |
216 - [

79

N J

v 224

f ’ T
STREAM IDENTIFIED MEDIA STREAM(S)

% TO CLIENT )




Patent Application Publication Nov. 24, 2005 Sheet 4 of 7 US 2005/0262251 Al

102 104~
CLIENT DEVICE ) PLAY REQUEST ( SERVER DEVICE
252

~

Y

STREAM MEDIA
USING TCP 254

UDP PROBING
PACKET 256

UDP PROBING RESPONSE
PACKET 258

REQUEST TO STREAM MEDIA
Using UDP 260

Ll

STREAM MEDIA
UsiNG UDP 262

Fig. 5



Patent Application Publication Nov. 24, 2005 Sheet 5 of 7 US 2005/0262251 Al

200 302

CLIENT SENDS REQUEST FOR
STREAMING MEDIA TO SERVER

¥ 304
SERVER RECEIVES REQUEST AND
BEGINS STREAMING REQUESTED MEDIA
STREAM(S) USING TCP

! l

306 ~ ¥ Y 308

SERVER CONTINUES STREAMING
REQUESTED MEDIA STREAM(S) USING
TCP, AND CLIENT RECEIVES AND
PROCESSES THE MEDIA STREAM(S)

PROBE WHETHER DATA CAN BE
STREAMED FROM SERVER TO CLIENT
UsING UDP

CAN DATA BE
STREAMED FROM SERVER TO
CLIENT UsING UDP?

No

YES

Ve 312
SERVER SWITCHES TO STREAMING
REQUESTED MEDIA STREAM(S) USING
UDP RATHER THAN TCP, AND CLIENT
RECEIVES AND PROCESSES THE MEDIA
STREAM(S)




Patent Application Publication Nov. 24, 2005 Sheet 6 of 7 US 2005/0262251 Al

350 352
- X~
CLIENT SENDS PREDICTIVE PLAY REQUEST
TO SERVER
N Y
y v 354
SERVER RECEIVES REQUEST AND PREDICTS
MEDIA STREAM(S) DESIRED BY CLIENT
o _J
. v 356
SERVER BEGINS STREAMING PREDICTED
MEDIA STREAM(S) USING TCP
\ J
362 ~, v v - 358
/- N 7 7 "
LN DETERMEE S WA THER MERIS PROBE WHETHER DATA CAN BE STREAMED
STREAM(S) OTHER THAN PREDICTED MEDIA EROM SERVERT0 CLENT UsNg UDP
STREAM(S) ARE DESIRED _
. J L _J
364 ~ v v - 360
il IF MEDIA STREAM(S) OTHER THAN ) [ SWITCH TO STREAMING MEDIA STREAM(S) )
PREDICTED MEDIA STREAM(S) ARE UsING UDP IF PROBE INDICATES DATA CAN
SELECTED, CLIENT SENDS SERVER BE STREAMED FROM SERVER TO CLIENT
dNDICATION OF SELECTED MEDIA STREAM(S) J AR Using UDP y
366 ~_ v
E R
SERVER STREAMS SELECTED MEDIA
STREAM(S) TO CLIENT
Y




Patent Application Publication Nov. 24, 2005 Sheet 7 of 7 US 2005/0262251 Al

400 418 —
N 4 )

REMOTE

COMPUTING
442
MoNITOR
e =
& REMOTE
: : APPLICATION
. PROGRAMS
”
/—- 444
= SR W
Wh 88 L ettt
ooooo [ DN e OPERATING
ETWORK
VIDEO ADAPTER ACAPTER | SYSTEM 426
Eourenl B APPLICATION
DATA MEDIA | PROGRAMS 428
INTERFACES ;
OTHER PROGRAM
e 404 — MODULES 430
OPERATING 426 :> \{g: PROGRAM
=<2 416 =
~—~—_SvsTeM ] |/ | ERNI= DATA 432
APPLICATION28 | ( PRO{I3 15 Is ISING \
~~—PROGRAMS Unie 410 RAM
ProgrRAM 430} ( [ | = [EmmDoooTmomoo =
S~ MopuLes
- 440 BIOS
PROGRAM 432 { 414
S DATA -
412 ROM

}17
E
J
D
3

438
= | ol [essmes) o3|
PRINTER \ Mouse KEYBOARD L OTHER DEVICE(S)
446 436 434 ? ’ g




US 2005/0262251 A1l

FAST STARTUP FOR STREAMING MEDIA

TECHNICAL FIELD

[0001] This invention relates to streaming media and data
transfers, and particularly to fast startup for streaming
media.

BACKGROUND

[0002] Content streaming, such as the streaming of audio,
video, and/or text is becoming increasingly popular. The
term “streaming” is typically used to indicate that the data
representing the media is provided over a network to a client
computer on an as-needed basis rather than being pre-
delivered in its entirety before playback. Thus, the client
computer renders streaming content as it is received from a
network server, rather than waiting for an entire “file” to be
delivered.

[0003] The widespread availability of streaming multime-
dia content enables a variety of informational content that
was not previously available over the Internet or other
computer networks. Live content is one significant example
of such content. Using streaming multimedia, audio, video,
or audio/visual coverage of noteworthy events can be broad-
cast over the Internet as the events unfold. Similarly, tele-
vision and radio stations can transmit their live content over
the Internet.

[0004] Current streaming technology, however, has its
drawbacks. One such drawback is that there is typically a
somewhat lengthy delay between the time that a playback of
streaming media is requesied and the time when the play-
back of the streaming media begins. Various communica-
tions are typically required between the client device where
the playback of the media content will occur and the source
of the media content. From the perspective of the user of the
client device, such delays reduce the user-friendliness of the
client device as well as the user-friendliness of the streaming
process. Thus, it would be beneficial to reduce the delay
between the time the user requests playback of streaming
media and the time when the playback of the streaming
media begins.

SUMMARY

[0005] Fast startup for streaming media is described
herein. The fast startup for streaming media includes one or
both of a technique for predictive start and a technique for
switching delivery channel(s) during streaming.

[0006] In accordance with certain aspects, the technique
for predictive start comprises a client device sending a
predictive play request to a server device. In response to the
predictive play request, the server device predicts one or
more media streams desired by the client device and streams
the predicted one or more media streams to the client device.
The client device can sclect at least one media stream
different from the predicted one or more media streams for
streaming 1o the client device. If at least one such media
stream is selected, then an indication of the selected at least
one media stream is sent to the server device, and the server
device streams the selected at least one media stream to the
client device.

[0007] In accordance with certain aspects, the technique
for switching delivery channel(s) during streaming includes
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a client device sending a request to a server device that one
or more media streams be streamed to the client device. The
server device receives the request and begins streaming the
one or more media streams to the client device using TCP
(Transmission Control Protocol). While streaming the one or
more media streams from the server device to the client
device using TCP, probing is performed to determine
whether data can be streamed from the server device to the
client device using UDP (User Datagram Protocol). If the
probing indicates that data can be streamed from the server
device to the client device using UDP, then the streaming of
the one or more media streams is switched from using TCP
to using UDP. However, if the probing indicates that data
cannot be streamed from the server device to the client
device using UDP, then the streaming of the one or more
media streams continues using TCP.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The same numbers are used throughout the docu-
ment to reference like components and/or features.

[0009] FIG. 1 illustrates an example network environment
that supports the fast startup for streaming media described
herein.

[0010] FIG. 2 illustrates example client and server devices
that can stream media content using the fast startup for
streaming media described herein.

[0011] FIG. 3 is a block diagram illustrating example
client and server devices and the predictive start technique
in additional detail.

[0012] FIG. 4 is a flowchart illustrating an example pre-
dictive start process.

[0013] FIG. 5 is a block diagram illustrating example
client and server devices and the delivery channel switching
process in additional detail.

[0014] FIG. 6 is a flowchart illustrating an example deliv-
ery channel switching process.

[0015] FIG. 7 is a flowchart illustrating an example fast
startup process including both predictive start and delivery
channel switching,

[0016] FIG. 8 illustrates a general computer environment,
which can be used to implement the techniques described
herein.

DETAILED DESCRIPTION

[0017] Fast startup for streaming media is described
herein. The fast startup includes one or both of a technique
for predictive start and a technique for switching delivery
channel(s) during streaming. Predictive start allows a media
content source to predict which media stream(s) are desired
by the requesting client device and begin streaming those
predicted media stream(s) to the client device. The delivery
channel switching technique allows the media content
source to begin streaming the media stream(s) using one
delivery channel (e.g., using the Transmission Control Pro-
tocol (TCP)), and then check whether another delivery
channel (e.g., using the User Datagram Protocol (UDP)) will
work and switch to that other delivery channel if it will
work.
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[0018] FIG. 1 illustrates an example network environment
100 that supports the fast startup for streaming media
described herein. In environment 100, multiple (a) client
computing devices 102(1), 102(2), . . . , 102(a) are coupled
to multiple (b) server computing devices 104(1), 104(2), . .
., 104(b) via a network 106. Network 106 is intended to
represent any of a variety of conventional network topolo-
gies and types (including wired and/or wireless networks),
employing any of a variety of conventional network proto-
cols (including public and/or proprietary protocols). Net-
work 106 may include, for example, the Internet as well as
possibly at least portions of one or more local area networks

(LANS).

[0019] Computing devices 102 and 104 can each be any of
a variety of conventional computing devices, including
desktop PCs, workstations, mainframe computers, Internet
appliances, gaming consoles, handheld PCs, cellular tele-
phones, personal digital assistants (PDAs), etc. One or more
ol devices 102 and 104 can be the same types of devices, or
alternatively different types of devices.

[0020] Server devices 104 can make any of a variety of
data available for streaming to clients 102. The term
“streaming” is used to indicate that the data representing the
media is provided over a network to a client device and that
playback of the content can begin prior to the content being
delivered in its entirety (e.g., providing the data on an
as-needed basis rather than pre-delivering the data in its
entirety before playback). The data may be publicly avail-
able or alternatively restricted (e.g., restricted to only certain
users, available only if the appropriate fee is paid, etc.). The
data may be any of a variety of one or more types of content,
such as audio, video, text, animation, etc. Additionally, the
data may be pre-recorded or alternatively “live” (e.g., a
digital representation of a concert being captured as the
concert is performed and made available for streaming
shortly after capture).

[0021] A client device 102 may receive streaming media
from a server 104 that stores the streaming media content as
a file, or alternatively from a server 104 that receives the
streaming media from some other source. For example,
server 104 may receive the streaming media from another
server that stores the streaming media content as a file, or
may receive the streaming media from some other source
(e.g., an encoder that is encoding a “live” event).

[0022] As used herein, streaming media refers to stream-
ing one or more media sireams from one device to another
(e.g., from a server device 104 to a client device 102). The
media streams can include any of a variety of types of
content, such as one or more of audio, video, text, and so
forth.

[0023] FIG. 2 illustrates example client and server devices
that can stream media content using the fast startup for
streaming media described herein. Multiple different proto-
cols are typically followed at both client device 102 and
server device 104 in order to stream media content from
server device 104 to client device 102. These different
protocols can be responsible for different aspects of the
streaming process. Although not shown in FIG. 2, one or
more additional devices (e.g., firewalls, routers, gateways,
bridges, etc.) may be situated between client device 102 and
server device 104.

[0024] In the example of FIG. 2, an application level
protocol 150, a transport protocol 152, and one or more
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delivery channel protocols 154 are used as part of the
streaming process. Additional protocols not shown in FIG.
2 may also be employed (e.g., there may be an additional
protocol(s) between application level protocol 150 and
transport protocol 152). Application level protocol 150 is a
protocol at the application level for control of the delivery of
data with real-time properties. Application level protocol
150 provides a framework, optionally extensible, to enable
controlled, on-demand delivery of real-time data, such as
streaming audio and video content. Application level pro-
tocol 150 is a control protocol for initiating and directing
delivery of streaming multimedia from media servers.
Examples of application level protocol 150 include the
Real-Time Streaming Protocol (RTSP) as described in Net-
work Working Group Request for Comments (RFC) 2326,
April 1998, and the HyperText Transport Protocol (HTTP)
as described in Network Working Group Request for Com-
ments (RFC) 1945, May 1996 or Network Working Group
Request for Comments (RFC) 2068, January 1997.

[0025] Application level protocol 150 uses transport pro-
tocol 152 for the delivery of real-time data, such as stream-
ing audio and video. Transport protocol 152 defines a packet
format for media streams. Transport protocol 152 provides
end-to-end network transport functions suitable for applica-
tions transmifting real-time data, such as audio, video or
simulation data, over multicast or unicast network services.
Examples of transport protocol 152 include the Realtime
Transport Protocol (RTP) and the Realtime Control Protocol
(RTCP) as described in Network Working Group Request
for Comments (RFC) 3550, July 2003, RTP does not address
resource reservation and does not guarantee quality-of-
service for real-time services. The data transport is aug-
mented by a control protocol (RTCP) to allow monitoring of
the data delivery in a manner scalable to large multicast
networks, and to provide some control and identification
functionality.

[0026] The transport protocol 152 uses delivery channel
protocol(s) 154 for the transport connections. Delivery chan-
nel protocol(s) 154 include one or more channels for trans-
porting packets of data from server device 104 to client
device 102. Each channel is typically used to send data
packets for a single media stream, although in alternate
cmbodiments a single channel may be used to send data
packets for multiple media streams. Examples of delivery
channel protocols 154 include Transmission Control Proto-
col (TCP) packets and User Datagram Protocol (UDP)
packets. TCP ensures the delivery of data packets, whereas
UDP does not ensure the delivery of data packets. Typically,
delivery of data packets using TCP is more reliable, but also
more time-consuming, than delivery of data packets using
UDP.

[0027] FIG. 3 is a block diagram illustrating example
client and server devices and the predictive start technique
in additional detail. In certain embodiments, the protocols
150, 152, and 154 of FIG. 2 are included in the client and
server devices of FIG. 3, but have not been illustrated.
Furthermore, although not shown in FIG. 3, one or more
additional devices (e.g., firewalls, routers, gateways,
bridges, etc.) may be situated between client device 102 and
server device 104.

[0028] Client device 102 initiates the predictive start pro-
cess by sending a predictive play request 182 to server
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device 104. Predictive play request 182 can include various
information to assist server device 104 in predicting which
media streams client device 102 desires. This information
can include, for example, information about client device
102, information about a user(s) of client device 102, and/or
information about the connection between server device 104
and client device 102. Server device 104 receives the
predictive play request and predicts which media stream(s)
client device 102 desires. This prediction is typically based
at least in part on the information included in the predictive
play request.

[0029] Server device 104 then begins to stream 184 the
media stream(s) it predicted that client device 102 desires to
client device 102. Thus, in the illustrated example of FIG.
3, streaming of the media content from server device 104 to
client device 102 begins in response to the first request from
client device 102 received at server device 104. As part of
the streaming of the predicted stream(s) 184, server device
104 includes a description of the various media streams that
are available to client device 102. These various media
streams will typically include the streams predicted by
server device 104 as well as one or more additional streams.

[0030] Client device 102 receives the streaming media
from server device 104 and processes the streaming media.
This processing can include, for example, buffering of the
streaming media for presentation to a user at client device
102. Additionally, client device 102 checks the description,
received form server device 104, of the various media
streams that are available to client device 102, and deter-
mines whether the predicted streams currently being
streamed to client device 102 are indeed the streams desired
by client device 102. If they are the desired streams, then no
further action need be taken by client device 102. However,
if they are not the desired streams, then client device 102
sends a stream selection 186 to server device 104, Stream
selection 186 identifies the streams desired by client device
102.

[0031] Server device 104 receives stream selection 186
and streams the selected stream(s) 188 to client device 102.
Stream selection 186 may identify one or more streams, and
may identify a stream that is to replace a predicted stream or
that is to be streamed in addition to a predicted stream. If an
identified stream is to replace a predicted stream, then
streaming of that predicted stream is stopped by server
device 104. However, if an identified stream is to be in
addition to a predicted stream, then streaming of that pre-
dicted stream is not stopped by server device 104.

[0032] Example embodiments of the predictive play
request 182, response with predicted data stream(s) 184,
stream selection 186, and response with selected data
stream(s) 188 are discussed in additional detail in the
following paragraphs.

[0033] Predictive play request 182 includes a resource
locator, such as a uniform resource locator (URL). This
resource locator identifies the media content that is desired
by client device 102. However, there may be various options
for that media content. For example, the media content may
have multiple video streams encoded at different bit rates
(for client devices having different connection speeds),
multiple video streams for different languages, multiple
audio streams for different languages, multiple sub-title
media streams in different languages, and so forth. However,
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because client device 102 does not yet know what those
various options are, client device 102 cannot yet select
particular ones of the different available options for the
media content.

[0034] Predictive play request 182 can also include one or
more name-value pairs that include information used by
server device 104 in predicting which media stream(s) are
desired by client device 102. These name-value pairs include
a name portion that indicates the type of information being
identified, and a value portion that indicates the particular
information being identified. Alternatively, the information
may be identified in manners other than name-value pairs,
such as a series of values that appear in a pre-defined order
(thereby alleviating the need for the name portion). Addi-
tionally, in some situations predictive play request 182 may
not include any such information, in name-value pairs or
otherwise.

[0035] The information included in play request 182 can
vary. In certain embodiments, play request 182 includes an
identification of the connection speed or link bandwidth
between client device 102 and server device 104, and also an
identification of a language desired by client device 102. In
other embodiments, other information may be included in
addition to or in place of the link bandwidth and/or lan-
guage, such as what types of media streams are desired (e.g.,
audio only, video only, video and audio, etc.), what codecs
(e.g., audio codecs, video codecs, elc.) are available on
client device 102, what language the video data should be in
(¢.g., so people’s lips on the video are synchronized with the
audio), and so forth.

[0036] Client device 102 can obtain the information to be
included in predictive play request 182 in different manners.
Typically, the resource locator is obtained by user-input
(e.g., user-selection of particular media content) or by pro-
gram-inpul (e.g., a program running on client device 102
selects particular media content). The information that is
used by server device 104 in making its prediction may be
pre-programmed (e.g., by a developer or designer, or by
user-setting of preferences) into the application that is send-
ing predictive play request 182. For example, if the appli-
cation is a media player application, a user of the media
player application may be able to set a preference or option
of the media player application to identify the language that
the user prefers. Information about connection speed or link
bandwidth may be obtained, for example, by an application
on client device 102 testing the bandwidth, based on a
user-input of the available bandwidth, by monitoring the rate
at which media was previously streamed to client device
102, and so forth. The information that is used by server
device 104 in making its prediction may alternatively be
pre-programmed into server device 104 as well (e.g., in
situations where all clients are known or expected to be of
the same type).

[0037] Predictive play request 182 can take a variety of
different forms. In certain embodiments, predictive play
request 182 is an HTTP get command. Alternatively, other
formats can be used (e.g., different syntaxes, an HTTP post
command, an RTSP command, and so forth). The predictive
play request includes an identifier that identifies the request
as a predictive play request. In certain embodiments, one or
more headers are used to identify a request as a prediclive
play request, although the information identifying the
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request as a predictive play request could alternatively be
included in the message body. Additionally, in certain imple-
mentations, the presence of one or more such headers in the
request identifies the request as a predictive play request. An
example of a predictive start header that can be used to
identify a request as a predictive play request is “Pragma:
PredStart=1", with the value 1" being used as a parameter
to indicate that predictive play is being requested.

[0038] When server device 104 receives predictive play
request 182, server device 104 identifies the media streams
associated with request 182. Request 182 identifies a
resource that may be one or more files that each include one
or more media streams that can be streamed to client device
102. Associated with the resource is an identification of
these media stream(s), and typically information describing
what these media streams are (e.g., a bit rate that they are
encoded in; whether they are audio, video, text, etc.; what
language they are in; etc.). This identification can be part of
the resource (e.g., it may be in a header file of the resource,
such as an ASF (Advanced Streaming Format or Advanced
Systems Format) header in an ASF file), or may alternatively
be maintained separately. Server device 104 uses the infor-
mation included in predictive play request 182, as well as the
information regarding what media stream(s) are available
for the requested resource, to predict which media stream(s)
are desired by client device 102. Server device 104 may also
employ additional information, such as default values that
are supplied by an administrator or user of server device
104, media stream(s) previously streamed to other client
devices 102 (and/or to this client device 104), and so forth.
The exact manner in which the stream(s) desired by client
device 102 are predicted can vary based on the information
available to server device 104.

[0039] By way of example, assume that client device 102
sends a predictive play request for a movie to be streamed
to client device 102. Client device 102 does not know what
media stream(s) are available for that movie, such as what
different bit rates the video content has been encoded in,
what languages the audio content is available in, what
languages subtitles are available in, and so forth. However,
assume that client device 102 does know that its default
language is English and that it has a connection speed of 500
kilobits per second (kbps). So, client device 102 sends a
predictive play request for the movie to server device 104,
and includes in the predictive play request an indication that
its default language is English and that its default connection
speed is 500 kbps.

[0040] Server device 104 receives the predictive play
request and accesses the information associated with the
requested movie that describes the requested movie. Assume
that the movie has three video streams, one encoded at 100
kbps, another at 300 kbps, and another at 500 kbps. Further
assume that the movie has an audio stream in English
encoded at 100 kbps, and an audio stream encoded in
Spanish at 100 kbps, and further that the movie has a
sub-title stream in French encoded at 10 kbps, and a sub-title
stream in Japanese encoded at 10 kbps. Also assume that the
information associated with the movie indicates that the
video streams are mutually exclusive (only one of the three
can be streamed at a time to client device 102), that the audio
streams are mutually exclusive (only one of the two can be
streamed al a time to client device 102), and that audio is to
have priority over video.
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[0041] Since audio is to have priority over video, server
device 104 will stream one of the two audio streams to client
device 102. Further, since the predictive play request
includes an indication that the default language of client
device 102 is English, server device 104 predicts that client
device 102 desires the English audio stream.

[0042] Given that the English audio stream is encoded at
100 kbps, and the default connection speed for client device
102 is 500 kbps, server device 104 predicts that client device
102 desires the video stream encoded at 300 kbps (since the
audio stream is encoded at 100 kbps, server device 104
predicts that there is insufficient bandwidth to stream the 500
kbps stream).

[0043] The predictive play request does not include any
information about subtitle streams, so server device 104
looks elsewhere to determine whether to predict that a
subtitle stream is desired. Since there is leftover bandwidth
(only 400 kbps of the 500 kbps have been used), server
device 104 may predict that one of the subtitle streams is
desired. If one of the subtitle streams is identified in the
information associated with the movie as having priority
over the other, then that subtitle stream is predicted as being
the one desired by client device 102. Otherwise, one of the
subtitle streams is predicted as being the one desired by
client device 102 in some other way (e.g., randomly, in the
order they are referenced in the information associated with
the movie, etc.).

[0044] Alternatively, server device 104 may keep a record
of how frequently the various media streams are desired by
client devices. If this record indicates the subtitle streams are
infrequently desired by client devices (e.g., less than 50% of
the time), then server device 104 may predict that no subtitle
stream is desired by client device 102 and stream no subtitle
stream to client device 102.

[0045] 1t should be noted that the media stream(s) pre-
dicted by server device 104 as being desired by client device
102 are just that: predictions. There is no guarantee that
these media stream(s) are indeed the media stream(s) desired
by client device 102. However, by making the prediction,
server device 104 can immediately begin streaming the
media stream(s) to client device 102, without having to wait
for client device 102 to make a selection of which media
streams it desires.

[0046] Server device 104 then streams the predicted media
stream(s) to client device 102. Server device 104 also
communicates information including an identification of
what media streams are available for the requested resource,
as well as what streams were predicted as being desired by
client device 102. The information can be included with the
predicted media stream(s) and thus streamed to client device
102, or aliernatively may be communicated in some other
manner, such as in a non-streaming manner (e.g., through an
HTTP-based control protocol). In certain embodiments, this
information is included in a session description message in
accordance with the Session Description Protocol (SDP),
Network Working Group Request for Comments (RFC)
2327, April 1998.

[0047] Client device 102 receives the predicted media
streams, including the identification of what media streams
are available for the requested resource, as well as what
streams were predicted as being desired by client device
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102. Client device 102 can then analyze the identification of
what media streams are available for the requested resource
and select a different media stream than the predicted media
streams. The selection of a different stream is optional—if
client device 102 desires the media streams predicted by
server device 104, then no selection of other media streams
need be made by client device 102.

[0048] The selecied media stream may be in addition to
the predicted media streams (e.g., in the preceding example,
no subtitle stream may be predicted by server device 104 as
being desired by client device 102, but client device 102
may select a subtitle stream). The selected media stream
may alternatively be in place of a predicted media stream
(e.g., the client device 102 may select the Spanish audio
stream rather than the English audio stream).

[0049] The selection at client device 102 can be performed
in different manners. For example, an application (e.g., a
media player application) may be programmed to make the
selection. By way of another example, the various media
streams available may be presented to a user of the client
device and the user may be allowed to select which media
stream(s) he or she desires. Any selection made by client
device 102 is then sent to server device 104.

[0050] In certain embodiments, such as when using HTTP
for streaming the media, an identifier of the streaming
session is used. The identifier allows different requests to be
associated with one another. For example, the predictive
play request may be sent over one connection between the
client device 102 and the server device 104, while the
request that identifies the selected media streams is sent over
a different connection between the client device 102 and the
server device 104. In order for the server device 104 to know
that the two requests are related to one another, the identifier
of the streaming session is used. In certain embodiments,
server device 104 returns, in the response to the predictive
play request, an identifier. This identifier can then be used by
client device 102 when sending a request that identifies the
selected media streams fo server device 104 in order to
inform server device 104 that the request identifying the
selected media streams is associated with the predictive play
request.

[0051] The request that identifies the selected media
streams can be in any of a variety of different formats. In
certain embodiments, the request is a Select request which
can be sent, for example, as an HTTP Post command or
HTTP Get command to server device 104. Alternatively, the
request can be delivered in other manners, such as using an
RTSP command. The Select request includes an identifier
that identifies the request as a Selecl request, zero or more
headers, and optionally a message body. In certain embodi-
ments, the information identifying the selected media
streams is included in one or more headers of the Select
request, although the information identifying the selected
media streams could alternatively be included in the mes-
sage body. Additionally, in certain implementations, the
presence of one or more such headers in the request identify
the request as a Select request. Table [ illustrates an example
of headers that can be included in the Select request.
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TABLE 1

Header Name Description

Pragma: client-id An identifier of the streaming media session.
Allows the client device to indicate that the
Select request is associated with a particular
streaming session.

An identification of the media streams selected
by the client device. The individual media
streams that are available for the requested
resource (e.g., as identified by the server device
in the session description message) are assigned
identifiers (which are typically included in the
session description message). A list of one or
more of these identifiers is included as
parameters of this stream-switch-entry header.

Pragma:
stream-switch-entry

[0052] The information describing the selected media
streams can describe the selected media streams in different
ways. As part of the description of the seclected media
streams, a “thinning level” may be included that indicates
how much of the data of the media stream is to be streamed
to client device 102 (e.g., all frames, only key frames, elc.).
As an example, the description may be a list of the media
stream(s) desired by client device 102, without regard for
which streams were predicted by server device 104. By way
of another example, the description may be a list of the
media stream(s) desired by client device 102 that are in
addition to the streams that were predicted by server device
104. By way of yet another example, the description may
include one or more stream pair values, each pair identifying
a predicted stream and a selected stream that is to replace the
predicted stream. By way of vel another example, the
description may be a list of all of the media stream(s) and an
identification of whether the media stream has been selected
for streaming to client device 102. By way of still another
example, the description may be a “negative” description
(e.g., listing all of the media stream(s) that the client device
102 does not desire, and thus inherently identifying the
media stream(s) that the client device 102 does desire).

[0053] Server device 104 receives the Select request and
begins streaming the selected streams to client device 102,
Server device 104 stops streaming to client device 102 any
predicted stream(s) that were replaced by a selected stream,
but continues to stream any predicted stream(s) that was not
replaced by a selected stream.

[0054] The resource identified by a predictive play request
can be associated with a single media or multimedia pre-
sentation, or alternatively multiple such presentations. For
example, the resource may identify a movie, which is a
single multimedia presentation even though it may have
multiple video, audio, and/or subtitle streams. By way of
another example, the resource may identify a movie as well
as a commercial and a trailer for a different movie. In this
example, the movie would be one multimedia presentation,
the commercial a second multimedia presentation, and the
trailer a third multimedia presentation.

[0055] When a resource is associated with multiple mul-
timedia presentations, server device 104 can predict which
presentations are desired by client device 102, as well as
predict which media streams within those presentations are
desired by client device 102. For example, assume that there
are two different commercials associated with a resource,
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one commercial targeting a Hispanic audience and the other
targeting a Chinese audience. If the predictive play request
indicates that the default language is Spanish, then server
device 104 can predict that the commercial targeting the
Hispanic audience is desired by client device 102 rather than
the commercial targeting the Chinese audience.

[0056] It should be noted that, in some situations, server
device 104 may choose to not make a prediction. Such
situations can arise, for example, when the likelihood of
making an incorrect prediction is too great. In such situa-
tions, server device 104 sends the identification of what
media streams are available for the requested resource but
does not start streaming any predicted media stream(s).
Rather, server device 104 waits until client device has made
a sclection of one or more of the available media streams,
and starts streaming the selected media stream(s) when a
request to play the selected media stream(s) is received.

[0057] FIG. 4 is a flowchart illustrating an example pre-
dictive start process 200. FIG. 4 shows acts performed by
both a client device 102 (e.g., of FIGS. 1, 2, and 3) and a
server device 104 (e.g., of FIGS. 1, 2, and 3). Acts per-
formed by client device 102 are shown on the left side of
FIG. 4, while acts performed by server device 104 are
shown on the right side of FIG. 4.

[0058] Initially, client device 102 generates a predictive
play request (act 202). The predictive play request identifies
one or more media or multimedia presentations, represented
as a resource of server device 104, that is desired to be
streamed to client device 102. Client device 102 sends the
predictive play request to server device 104 (act 204), which
receives the predictive play request (act 206).

[0059] In response to the predictive play request, server
device 104 predicts one or more media stream(s) desired by
the client device 102 (act 208). As discussed above, this
prediction can be based on different factors, such as infor-
mation included in the predictive play request, default
settings at server device 104, information associated with
the requested resource, previous requests for streaming
media, and so forth. The predicted media stream(s) are then
streamed to client device 102 (act 210). As part of this
streaming in act 210, an identification of the predicted media
stream(s) as well as the available media stream(s) for the
requested resource is also sent to client device 102. Alter-
natively, as discussed above, the identification of the pre-
dicted media stream(s) as well as the available media
stream(s) for the requested resource can be communicated to
client device 102 in other manners, including non-streaming
manners.

[0060] Client device 102 receives the predicted media
stream(s) (act 212) and analyzes the received identification
of the predicted media stream(s) as well as the available
media stream(s) for the requested resource. Process 200 then
proceeds based on whether client device 102 desires to have
streamed to it one or more different media stream(s) than the
predicted media stream(s). As discussed above, a selection
of such a different media stream(s) can be made in different
manners, such as by an application program on client device
102 or a user-input at client device 102. If a different media
stream(s) is not selected (act 214), then client device 102
does desire the media stream(s) that server device 104
predicted and processing of those received media stream(s)
continues (act 216). This processing can include, for
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example, buffering the received media stream(s) and/or
presenting (e.g., playing back) the received media stream(s)
at client device 102.

[0061] However, if different media stream(s) are selected,
then client device 102 sends an indication of those selected
media stream(s) to server device 104 (act 218). Server
device 104 receives the indication of the selected media
stream(s) (act 220), and identifies the media stream(s) to
send to client device 102 (act 222). As discussed above, the
stream(s) selected by client device 102 can be in addition to
the predicted media stream(s), or in place of one or more of
the predicted media stream(s). The media stream(s) identi-
fied by server device 104 in act 222 include the streams
indicated as being selected by client device 102 (received in
act 220), and may also include one or more of the stream(s)
predicted by server device 104 in act 208.

[0062] Server device 104 then streams the identified media
stream(s) streamed to client device 102 (act 224). Typically,
the identified media stream(s) are streamed from the current
playback position (e.g., when the selection request is
received, the temporal location of the media stream(s)
currently being streamed is identified, and then the corre-
sponding temporal location of the identified media stream(s)
is determined and streaming of the identified media
stream(s) begins at that determined location). Alternatively,
other starting points may be used, such as the beginning of
the identified media stream(s). Client device 102 receives
the identified media stream(s) from server device 104 (act
226), and processes the received media stream(s) (act 216).
This processing can include, for example, buffering the
media stream(s) and presenting (e.g., playing back) the
media stream(s) at client device 102.

[0063] Returning to FIG. 2, the fast startup discussed
herein also includes a process for switching delivery chan-
nel(s) during streaming. Transport protocol 152 can use a
variety of different delivery channels. Typically, each media
stream 1s sent from server device 104 to client device 102
using a different delivery channel. These delivery channels
for different media streams are typically of the same type,
although alternatively they can be of different types. Two
common types of delivery channels are TCP channels and
UDP channels. TCP channels transmit data in packets
referred to as TCP packets, while UDP channels transmit
data in packets referred to as UDP packets. Typically,
delivery of data packets using TCP is more reliable, but also
more time-consuming, than delivery of data packets using
UDP. Additionally, situations can arise, such as where a
firewall is located between client device 102 and server
device 104, where UDP packets cannot be received by client
device 102 but TCP packets can be received by client device
102.

[0064] FIG. 5 is a block diagram illustrating example
client and server devices and the delivery channel switching
process in additional detail. In certain embodiments, the
protocols 150, 152, and 154 of FIG. 2 are included in the
client and server devices of FIG. 5, but have not been
illustrated. Furthermore, although not shown in FIG. 5, one
or more additional devices (e.g., firewalls, routers, gateways,
bridges, etc.) may be situated between client device 102 and
server device 104. The delivery channel switching discussed
herein allows the media content source to begin streaming
the media stream(s) using one delivery channel (e.g., TCP),
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and then check whether another delivery channel (e.g.,
UDP) will work and switch to that other delivery channel if
it will work.

[0065] Initially, client device 102 sends a play request 252
to server device 104, requesting that one or more media
streams be streamed to client device 102. This play request
252 can be a predictive play request as discussed above, or
alternatively any other request (or combination of multiple
requests) that requests that one or more media streams be
streamed to client device 102. For example, this play request
252 could be an HTTP Post command with a Select request
that identifies the desired media streams. In response to the
play request, server device 104 streams 254 the requested
media stream(s) to client device 102 using TCP. This
response includes the data for the requested media stream(s)
in multiple TCP packets.

[0066] While streaming the media from server device 104
to client device 102 using TCP, client device 102 sends a
UDP probing packet 256 to server device 104. In certain
embodiments, this is accomplished by server device 104
opening a UDP port and sending an identification of the
opened UDP port to client device 102 along with the
streaming media using TCP 254. Client device 102 receives
the UDP port identification, and then can send a UDP packet
to that port of server device 104. Aliernatively, server device
104 may have a well-known UDP port to use for UDP
probing packets, and client device 102 can send UDP
probing packet 256 to this well-known UDP port without
server device 104 first sending an identification of the
opened UDP port to client device 102. Client device 102 also
opens a UDP port that it can identify to server device 104,
as part of UDP probing packet 256, as the UDP port on
which it can receive UDP packets.

[0067] Server device 104 receives the UDP probing packet
256 and generates and sends a UDP probing response packet
258 to client device 102. UDP probing response packet 258
is an indication to client device 102 that UDP probing packet
256 was received by server device 104. UDP probing
response packet 258 optionally includes some sort of iden-
tifier of UDP probing packet 256, such as an identifier
included in UDP probing packet 256. Alternatively, the mere
existence of a response over the same connection may itself
associate the response packet 258 with the probing packet
256. For example, if a single request and associated response
are the only two messages sent over a connection, then the
response 258 will be viewed as the response to probing
packet 256.

[0068] It should be noted that while in some embodiments
a single UDP probing packet 256 is sent by client device
102, in other embodiments multiple UDP probing packets
256 are sent by client device 102 and a UDP probing
response packet 258 is returned by server device 104 for
each such UDP probing packet 256. The multiple UDP
probing packets 256 may be sent by client device 102
concurrently, or alternatively at different times (e.g., client
device 102 may wait for a UDP probing response packet 258
to be returned for one UDP probing packet 256 before
sending another UDP probing packet 256). For example, in
embodiments where transport protocol 152 includes the RTP
and RTCP protocols, the RTP data is sent using one delivery
channel or flow, and the RTCP data is sent using a different
delivery channel or flow. A UDP probing packet 256 can be
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sent for each of these two delivery channels or flows. By
way of another example, a different UDP probing packet 256
may be sent by client device 102 for each of multiple media
streams (e.g., for each media stream that client device 102
would like to switch to streaming using UDP, for each media
stream currently being streamed to client device 102 using
TCP, and so forth). These two examples may also be
combined (e.g., two UDP probing packets 256 (one for the
RTP flow and the other for the RTCP flow) may be sent by
client device 102 for each of multiple media streams).

[0069] When client device 102 receives the UDP probing
response packet 258, client device 102 knows that UDP
packets can be sent from server device 104 to client device
102. So, client device 102 sends a request to server device
104 io switch to streaming the media stream(s) from server
device 104 to client device 102 using UDP 260. Typically,
client device 102 sends a request to server device 104 that
all of the media stream(s) be swilched to being streamed
using UDP, although alternatively client device 102 may
identify in the request only particular media stream(s) that
are to be switched to being streamed using UDP (with the
remaining media stream(s) being still streamed using TCP).
Alternatively, multiple requests may be sent from client
device 102 to server device 104, each request identifying a
particular one or more media streams that should be
streamed to client device 102 using UDP.

[0070] 1In response to this request, server device 104
begins streaming the media stream(s) requested in play
request 252 to client device 102 using UDP 262. In certain
embodiments, because streaming of the media stream(s)
using TCP has already begun, server device 104 does not
start streaming using UDP at the beginning of the media
stream(s). Rather, server device 104 stops streaming the data
using TCP and starts streaming using UDP at whatever point
the streaming using TCP was stopped. Alternatively, there
may be some overlap between packets (e.g., at the point
where the switch to UDP occurs, some packets already sent
using TCP may be re-sent using UDP).

[0071] The request to switch to streaming the media
stream(s) from server device 104 to client device 102 using
UDP 260 can be in any of a variety of different formats. In
certain embodiments, the request is a Select request, which
can be sent as an HTTP Post command to server device 104.
Alternatively, the request can be delivered in other manners,
such as using an RTSP command. The Select request
includes an identifier that identifies the request as a Select
request, zero or more headers, and optionally a message
body. In certain embodiments, the information requesting
that the server device switch to streaming the media
stream(s) using UDP is included in one or more headers of
the Select request, although the information requesting that
the server device switch to streaming the media stream(s)
using UDP could alternatively be included in the message
body, or alternatively the request to switch to streaming the
media stream(s) using UDP could be inherent in the request.
In certain implementations, the presence of a Pragma:
stream-switch-entry header (discussed with reference to
Table I) and/or an X-Transport header (discussed with
reference to Table II) serves as the identifier that identifies
the request as a Select request. Table II illustrates an
example of headers that can be included in the Select
request.
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TABLE 11
Header
Name Description
Pragma: An identifier of the streaming media session. Allows the
client-id client device to indicate that the Select request is associated

with a particular streaming session.

X-Transport  Used to indicate that the media stream(s) should be
switched to being streamed using UDP. A parameter
of “RTP/UDP transport”™ is used in certain
implementations to indicate that the media stream(s)
should be switched to being streamed using UDP,
This header also typically includes a parameter
that identifies which UDP port(s) that the client is using for
receiving RTP and RTCP packets.

[0072] In certain embodiments, control information (e.g.,
RTCP packets) are sent from server device 104 to client
device 102 using TCP packets even if the data representing
the actual content of the media streams (e.g., the data
representing the video or audio that is played back at client
device 102) is sent from server device 104 to client device
102 using UDP packets. In other embodiments, all data,
including control information (e.g., RTCP packets) is sent
from server device 104 to client device 102 using UDP
packets.

[0073] 1t should be noted that if UDP packets cannot be
used to stream data from server device 104 to client device
102, UDP probing packet 256 will not arrive at server device
104 (so server device 104 will never send UDP probing
response packet 258), or UDP probing response packet 258
will not arrive at client device 102. So, if client device 102
does not receive a response to the UDP probing packet 256,
client device 102 knows that UDP packets cannot be used to
stream data from server device 104 to client device 102.
Optionally, if client device 102 does not receive a response
to the UDP probing packet 256, client device 102 may
re-send UDP probing packet(s) one or more times to verify
that UDP packets cannot be used to stream data from server
device 104 to client device 102.

[0074] Additionally, it should be noted that in situations
where multiple UDP probing packets 256 are sent (e.g., for
multiple media streams or multiple flows), UDP probing
response packets 258 may be received in response to some
of the probing packets 256 but not others, indicating that
UDP packets can be streamed from server device 104 to
client device 102 for some streams or {lows (those for which
the UDP probing response packet 258 was received) but not
for other streams or flows (those for which the UDP probing
response packet was not received).

[0075] It should also be noted that the probing of whether
UDP packets can be used to stream data from server device
104 to client device 102 occurs while the requested media
stream(s) are being streamed to client device 102 using TCP
254. Thus, the client device 102 begins receiving the
requested media stream(s) without having to wait for a
determination of whether the data can be streamed to client
device 102 using UDP packets.

[0076] It should be further noted that the UDP probing
packet 256 and UDP probing response packet 258 can
include any of a variety of information. Information about
the media stream(s) need not be sent between client device
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102 and server device 104 using the UDP probing packet
256 and UDP probing response packet 258. The importance
of the UDP probing and UDP probing response packets is
simply whether the packets arrive at their intended targets,
rather than any particular information about the media
stream(s) that is included in the packets.

[0077] FIG. 6 is a flowchart illustrating an example deliv-
ery channel switching process 300. FIG. 6 shows acts
performed by both a client device 102 (e.g., of FIGS. 1, 2,
and 5) and a server device 104 (e.g., of FIGS. 1, 2, and 5).

[0078] Initially, client device 102 sends a request for
streaming media to a server device 104 (act 302). Server
device 104 receives the request and begins streaming the
requested media stream(s) to client device 102 using TCP
(act 304). Server device 104 continues to stream the
requested media stream(s) using TCP, and client device 102
receives and processes the media stream(s) (act 306). This
processing can include, for example, buffering and/or pre-
senting (e.g., playing back) the media stream(s) at client
device 102.

[0079] Concurrent with the streaming of the requested
media stream(s) using TCP in act 306, the link between
client device 102 and server device 104 is probed to deter-
mine whether data can be streamed from server device 104
to client device 102 using UDP (act 308). As discussed
above, this probing can involve information and packets sent
between client device 102 and server device 104.

[0080] Process 300 then proceeds based on whether the
probing indicates that data can be streamed from server
device 104 to client device 102 using UDP (act 310). If data
cannot be streamed from server device 104 to client device
102 using UDP, then server device 104 continues Lo stream
the requested media stream(s) using TCP and client device
102 receives and processes the media stream(s) received
using TCP (act 306). However, if data can be streamed from
server device 104 to client device 102 using UDP, then
server device 104 switches to streaming the requested media
stream(s) using UDP rather than TCP, and client device 102
receives and processes the media stream(s) received using
UDP (act 312). Typically, server device 104 switches to
streaming the requested media stream(s) using UDP rather
than TCP in response to a request (e.g., a Select request) sent
from client device 102 requesting the switch to UDP. Addi-
tionally, it should be noted that not all streams need to be
swilched to streaming using UDP. Rather, client device 102
may request that only a particular one or more media streams
be switched to streaming using UDP, and that one or more
other media streams remain being streamed using TCP.

[0081] The fast startup described herein can include the
predictive start technique and/or the delivery channel
switching technique. FIGS. 3 and 4 above discuss example
embodiments of the predictive start technique. FIGS. 5 and
6 above discuss example embodiments of the delivery
channel switching technique.

[0082] FIG. 7 is a flowchart illustrating an example fast
startup process 350 including both predictive start and
delivery channel switching. FIG. 7 shows acts performed by
both a client device 102 (e.g., of FIGS. 1, 2, and 5) and a
server device 104 (e.g., of FIGS. 1, 2, and 5).

[0083] Initially, client device 102 sends a predictive play
request to server device 104 (act 352). Server device 104
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receives the predictive play request and predicts the media
stream(s) desired by client device 102 (act 354). Server
device 104 then begins streaming the predicted media
stream(s) to client device 102 using TCP (act 356).

[0084] The link between client device 102 and server
device 104 is then probed to determine whether data can be
streamed from server device 104 to client device 102 using
UDP (act 358). If the probing indicates that data can be
streamed from server device 104 to client device 102 using
UDP, then server device 104 switches to streaming the
media stream(s) using UDP rather than TCP (act 360);
otherwise, server device 104 continues streaming the media
stream(s) using TCP. Typically, server device 104 switches
to streaming the requested media stream(s) using UDP rather
than TCP in response 1o a request (e.g., a Select request) sent
from client device 102 requesting the switch to UDP. Addi-
tionally, it should be noted that not all streams need to be
switched to streaming using UDP. Rather, client device 102
may request that only a particular one or more media streams
be switched to streaming using UDP, and that one or more
other media streams remain being streamed using TCP.

[0085] Additionally, after streaming of the predicted
media stream(s) using TCP has begun in act 356, client
device 102 determines whether it desires media stream(s)
other than the predicted media stream(s) (act 362). If so, then
one or more media streams other than then predicted media
stream(s) are selected (in addition to and/or in place of the
predicted media streams), and client device 102 sends server
device 104 an indication of the selected media stream(s) (act
364). Server device 104 receives this indication from client
device 102 and streams the selected media stream(s) to
client device 102 (act 366).

[0086] Tt should be noted that the media stream(s) being
streamed in act 360 can include media stream(s) predicted in
act 354 and/or media stream(s) selected in act 364. Whether
the media stream(s) being streamed in act 360 are media
stream(s) predicted in act 354 and/or media stream(s)
selected in act 364 will depend on whether any media
stream(s) are selected in act 364, as well as whether server
104 begins streaming any selected media stream(s) in act
366 prior to or subsequent to the switch of act 360.

[0087] In certain embodiments, the delivery channel
switching of acts 358 and 360 is performed concurrently
with the media stream selection of acts 362, 364, and 366.
In other embodiments, the delivery channel switching of
acts 358 and 360 can be performed subsequent to, or
alternatively prior o, the media stream selection of acts 362,
364, and 366.

[0088] FIG. 8 illustrates a general computer environment
400, which can be used to implement the techniques
described herein. The computer environment 400 is only one
example of a computing environment and is not iniended to
suggest any limitation as to the scope of use or functionality
of the computer and network architectures. Neither should
the computer environment 400 be interpreted as having any
dependency or requirement relating to any one or combina-
tion of components illustrated in the exemplary computer
environment 400.

[0089] Computer environment 400 includes a general-
purpose computing device in the form of a computer 402.
Computer 402 can be, for example, a client device 102 or
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server device 104 of FIGS. 1, 2, 3, and 5. Computer 402 can
also be an encoder device that is the source of a multimedia
presentation. The components of computer 402 can include,
but are not limited to, one or more processors or processing
units 404, a system memory 406, and a system bus 408 that
couples various system components including the processor
404 to the system memory 406.

[0090] The system bus 408 represents one or more of any
of several types of bus structures, including a memory bus
or memory controller, a peripheral bus, an accelerated
graphics port, and a processor or local bus using any of a
variety of bus architectures. By way of example, such
architectures can include an Industry Standard Architecture
(ISA) bus, a Micro Channel Architecture (MCA) bus, an
Enhanced ISA (EISA) bus, a Video Electronics Standards
Association (VESA) local bus, and a Peripheral Component
Interconnects (PCI) bus also known as a Mezzanine bus.

[0091] Computer 402 typically includes a variety of com-
puter readable media. Such media can be any available
media that is accessible by computer 402 and includes both
volatile and non-volatile media, removable and non-remov-
able media.

[0092] The system memory 406 includes computer read-
able media in the form of volatile memory, such as random
access memory (RAM) 410, and/or non-volatile memory,
such as read only memory (ROM) 412. A basic input/output
system (BIOS) 414, containing the basic routines that help
to transfer information between elements within computer
402, such as during start-up, is stored in ROM 412. RAM
410 typically contains data and/or program modules that are
immediately accessible to and/or presently operated on by
the processing unit 404.

[0093] Computer 402 may also include other removable/
non-removable, volatile/non-volatile computer storage
media. By way of example, FIG. 8 illustrates a hard disk
drive 416 for reading from and writing to a non-removable,
non-volatile magnetic media (not shown), a magnetic disk
drive 418 for reading from and writing to a removable,
non-volatile magnetic disk 420 (e.g., a “floppy disk™), and
an optical disk drive 422 for reading from and/or writing to
a removable, non-volatile optical disk 424 such as a CD-
ROM, DVD-ROM, or other optical media. The hard disk
drive 416, magnetic disk drive 418, and optical disk drive
422 are each connected to the system bus 408 by one or more
data media interfaces 426. Alternatively, the hard disk drive
416, magnetic disk drive 418, and optical disk drive 422 can
be connected to the system bus 408 by one or more inter-
faces (not shown).

[0094] The disk drives and their associated computer-
readable media provide non-volatile storage of computer
readable instructions, data structures, program modules, and
other data for computer 402. Although the example illus-
trates a hard disk 416, a removable magnetic disk 420, and
a removable optical disk 424, it is to be appreciated that
other types of computer readable media which can store data
that is accessible by a computer, such as magnetic cassetles
or other magnetic storage devices, flash memory cards,
CD-ROM, digital versatile disks (DVD) or other optical
storage, random access memories (RAM), read only memo-
riecs (ROM), electrically erasable programmable read-only
memory (EEPROM), and the like, can also be utilized to
implement the exemplary computing system and environ-
ment.
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[0095] Any number of program modules can be stored on
the hard disk 416, magnetic disk 420, optical disk 424, ROM
412, and/or RAM 410, including by way of example, an
operating system 426, one or more application programs
428, other program modules 430, and program data 432.
Each of such operating system 426, one or more application
programs 428, other program modules 430, and program
data 432 (or some combination thereof) may implement all
or part of the resident components that support the distrib-
uted file system.

[0096] A user can enter commands and information into
computer 402 via input devices such as a keyboard 434 and
a pointing device 436 (e.g., a “mouse”). Other input devices
438 (not shown specifically) may include a microphone,
joystick, game pad, satellite dish, serial port, scanner, and/or
the like. These and other input devices are connected to the
processing unit 404 via input/output interfaces 440 that are
coupled to the system bus 408, but may be connected by
other interface and bus structures, such as a parallel port,
game port, or a universal serial bus (USB).

[0097] A monitor 442 or other type of display device can
also be connected to the system bus 408 via an interface,
such as a video adapter 444. In addition to the monitor 442,
other output peripheral devices can include components
such as speakers (not shown) and a printer 446 which can be
connected to computer 402 via the input/output interfaces
440.

[0098] Computer 402 can operate in a networked envi-
ronment using logical connections to one or more remote
computers, such as a remote computing device 448, By way
ol example, the remote computing device 448 can be a
personal computer, portable computer, a server, a router, a
network computer, a peer device or other common network
node, and the like. The remote computing device 448 is
illustrated as a portable computer that can include many or
all of the elements and features described herein relative to
computer 402.

[0099] Togical connections between computer 402 and the
remote computer 448 are depicted as a local area network
(LLAN) 450 and a general wide area network (WAN) 452.
Such networking environments are commonplace in offices,
enterprise-wide computer networks, intranets, and the Inter-
net.

[0100] When implemented in a LAN networking environ-
ment, the computer 402 is connected to a local network 450
via a network interface or adapter 454, When implemented
in a WAN networking environment, the computer 402
typically includes a modem 456 or other means for estab-
lishing communications over the wide network 452. The
modem 456, which can be internal or external to computer
402, can be connected to the system bus 408 via the
input/output interfaces 440 or other appropriate mecha-
nisms. It is to be appreciated that the illustrated network
connections are exemplary and that other means of estab-
lishing communication link(s) between the computers 402
and 448 can be employed.

[0101] In a networked environment, such as that illus-
trated with computing environment 400, program modules
depicted relative to the computer 402, or portions thereof,
may be stored in a remote memory storage device. By way
of example, remote application programs 458 reside on a
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memory device of remote computer 448, For purposes of
illustration, application programs and other executable pro-
gram components such as the operating system are illus-
trated herein as discrete blocks, although it is recognized that
such programs and components reside al various times in
different storage components of the computing device 402,
and are executed by the data processor(s) of the computer.

[0102] Various modules and techniques may be described
herein in the general context of compuier-executable
instructions, such as program modules, executed by one or
more computers or other devices. Generally, program mod-
ules include routines, programs, objects, components, data
structures, etc. that perform particular tasks or implement
particular abstract data types. Typically, the functionality of
the program modules may be combined or distributed as
desired in various embodiments.

[0103] An implementation of these modules and tech-
niques may be stored on or transmitted across some form of
computer readable media. Computer readable media can be
any available media that can be accessed by a computer. By
way of example, and not limitation, computer readable
media may comprise “computer storage media” and “com-
munications media.”

[0104] “Computer storage media” includes volatile and
non-volatile, removable and non-removable media imple-
mented in any method or technology for storage of infor-
mation such as computer readable instructions, data struc-
tures, program modules, or other data. Computer storage
media includes, but is not limited to, RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or any other medium which
can be used to store the desired information and which can
be accessed by a computer.

[0105] “Communication media” typically embodies com-
puter readable instructions, data structures, program mod-
ules, or other data in a modulated data signal, such as carrier
wave or other transport mechanism. Communication media
also includes any information delivery media. The term
“modulated data signal” means a signal that has one or more
of its characteristics set or changed in such a manner as to
encode information in the signal. By way of example, and
not limitation, communication media includes wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared, and other
wireless media. Combinations of any of the above are also
included within the scope of computer readable media.

[0106] Although the description above uses language that
is specific to structural features and/or methodological acts,
it is to be understood that the invention defined in the
appended claims is not limited to the specific features or acts
described. Rather, the specific features and acts are disclosed
as exemplary forms of implementing the invention.

1. A method comprising:

sending, from a client device, a request that one or more
media streams be streamed to the client device;

receiving, at a server device, the request;
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beginning streaming the one or more media streams from
the server device to the client device using TCP (Trans-
mission Control Protocol);

probing, while streaming the one or more media streams
from the server device to the client device, whether data
can be streamed [rom the server device to the client
device using UDP (User Datagram Protocol); and

swilching to streaming the one or more media streams
from the server device to the client device using UDP
if the probing indicates that data can be streamed from
the server device to the client device using UDP,
otherwise continuing to stream the one or more media
streams from the server device to the client device
using TCP.

2. Amethod as recited in claim 1, the probing comprising:

sending, from the client device to the server device, one

or more UDP probing packets;

sending, in response to each of the one or more UDP
probing packets, a UDP response packet from the
server device to the client device; and

determining, if at least one of the UDP response packets
is received by the client device, that at least some data
can be streamed from the server device to the client
device using UDP, and otherwise determining that data
cannot be streamed from the server device to the client
device using UDP.

3. One or more computer readable media having stored
thereon a plurality of instructions that, when executed by
one or more processors, causes the one or more processors
lo:

receive, from a requester, a request for media content to
be streamed to the requestor;

stream at least a portion of the media content to the
requestor using Transmission Control Protocol (TCP)
packets;

receive, concurrent with the at least a portion of the
content being streamed to the requestor, a request to
change to using User Datagram Protocol (UDP) pack-
ets; and

stream one or more additional portions of the media
content to the requestor using UDP packets rather than
TCP packets.

4. One or more computer readable media as recited in
claim 3, the request to change to using UDP packets being
received after probing has been performed to determine
whether media content can be streamed to the requestor
using UDP packets and a determination has been made that
media content can be streamed to the requestor using UDP
packets, the probing occurring while the at least a portion of
the media content is being streamed to the requestor using
TCP packets.

5. One or more computer readable media as recited in
claim 3, the one or more additional portions of the media
content streamed to the requestor using UDP packets includ-
ing none of the at least a portion of the media content
streamed to the requestor using TCP packets.

6. One or more computer readable media as recited in
claim 3, wherein the instructions further cause the one or
more processors 1o:
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send, after receipt of the request to change to using UDP
packets, data representing control information to the
requestor using TCP packets.

7. One or more computer readable media as recited in
claim 3, wherein the instructions that cause the one or more
processors 1o stream the one or more additional portions of
the media content to the requestor using UDP packets rather
than TCP packets comprise instructions that cause the one or
more processors (o stream one or more additional portions of
only selected media streams of the media content to the
requestor using UDP packets rather than TCP packets.

8. One or more computer readable media as recited in
claim 3, wherein the request to change to using UDP packets
comprises a Select request having one or more headers to
indicate that the media content is to be streamed to the
requestor using UDP packets.

9. One or more computer readable media as recited in
claim 8, wherein the one or more headers comprises an
X-Transport header with an RTP/UDP transport parameler.

10. One or more computer readable media as recited in
claim 3, the requestor comprising a client device.

11. One or more computer readable media as recited in
claim 3, the one or more processors being part of a server
device.

12. One or more computer readable media having stored
thereon a plurality of instructions that, when executed by
one or more processors of a device, causes the one or more
processors to:

receive, from a media content source, at least a portion of
media content using Transmission Control Protocol
(TCP) packets;

determine, during receipt of the at least a portion of the
media content using TCP packets, whether the media
content can be streamed to the device using User
Datagram Protocol (UDP) packets; and

send, if the media content can be streamed to the device
using UDP packets, a request to the media content
source to stream the media content to the device using
UDP packets.
13. One or more computer readable media as recited in
claim 12, wherein the instructions further cause the one or
more processors (o:

receive, after having sent the request, data representing
the media content using UDP packets and data repre-
senting control information using TCP packets.

14. One or more computer readable media as recited in
claim 12, wherein the instructions that cause the one or more
processors to send the request to the media content source
comprise instructions that cause the one or more processors
to send a request to the media content source to stream only
selected media streams of the media content to the device
using UDP packets.

15. One or more computer readable media as recited in
claim 12, wherein the instructions that cause the one or more
processors to determine whether the media content can be
streamed to the device using UDP packets comprise instruc-
tions that cause the one or more processors 1o:

send, to the media content source, a UDP probing packet;
and

determine, if a UDP response packet is received from the
media content source in response o the UDP probing
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packet, that the media content can be streamed to the
device using UDP packets, and otherwise determine
that the media content cannot be streamed to the device
using UDP packets.

16. One or more computer readable media as recited in
claim 12, wherein the media content source comprises a
server device.

17. One or more computer readable media as recited in
claim 12, wherein the request comprises a Select request
having an X-Transport header with an RTP/UDP transport
parameter to indicate that the media content is to be
streamed to the device using UDP packets.

18. One or more computer readable media as recited in
claim 12, wherein the request comprises a HyperText Trans-
port Protocol (HTTP) Post command.

19. One or more computer readable media as recited in
claim 12, wherein the request comprises a HyperText Trans-
port Protocol (HTTP) Get command.

20. A method comprising;:

sending, from a client device to a server device, a pre-
dictive play request;

predicting, at the server device and in response to the
predictive play request, one or more media streams
desired by the client device;

streaming at least the predicted one or more media
streams from the server device to the client device;

determining, at the client device, whether at least one
media stream different from the predicted one or more
media streams are selected for streaming to the client
device; and

if the at least one media stream different from the pre-
dicted one or more media streams are selected for
streaming to the client device, then sending, to the
server device, an indication of the selected at least one
media stream, and streaming from the server device to
the client device the selected at least one media stream.

21. A method as recited in claim 20, wherein the at least
one media stream different from the predicted one or more
media streams is selected to replace at least one of the
predicted one or more streams.

22. A method as recited in claim 20, wherein the stream-
ing from the server device to the client device the selected
at least one media stream comprises streaming from the
server device to the client device the selected at least one
media stream in addition to the predicted one or more media
streams.

23. One or more computer readable media having stored
thereon a plurality of instructions that, when executed by
one or more processors of a device, causes the one or more
Processors to:

receive a predictive play request from a requestor;

predict, in response to the predictive play request, one or
more media streams to be streamed to the requester;
and

stream the predicted one or more media streams to the
requestor.
24. One or more computer readable media as recited in
claim 23, wherein the predictive play request comprises a
request having a “Pragma: PredStart=1" header.
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25. One or more computer readable media as recited in
claim 23, wherein the instructions further cause the one or
More Processors to:

receive, from the requester, a request to stream a different
media stream other than one of the predicted one or
more media streams;

stop streaming the one of the predicted one or more media
streams to the requestor; and

begin streaming the different media stream to the

requestor.

26. One or more computer readable media as recited in
claim 25, wherein the request to stream a different media
stream other than one of the predicted one or more media
streams comprises a Select request having a “pragma:
stream-switch-entry” header with one or more parameters to
indicate the different media stream.

27. One or more computer readable media as recited in
claim 23, wherein the instructions further cause the one or
more Processors 1o:

communicate, to the requester, an identification of the
predicted one or more streams as well as an identifi-
cation of one or more additional streams that may be
streamed to the requestor.

28. One or more computer readable media as recited in
claim 23, wherein the requestor comprises a client device.

29. One or more computer readable media as recited in
claim 23, wherein the instructions that cause the one or more
processors to predict one or more media streams to be
streamed to the requestor comprise instructions that cause
the one or more processors to predict the one or more media
streams to be streamed to the requestor based at least in part
on information included in the predictive play request.

30. One or more computer readable media as recited in
claim 29, wherein the information included in the predictive
play request comprises an identification of a connection
speed between the requestor and the device.

31. One or more computer readable media as recited in
claim 29, wherein the information included in the predictive
play request comprises an identification of a language
desired by the requestor.

32. One or more computer readable media as recited in
claim 23, wherein the instructions that cause the one or more
processors to predict one or more media streams to be
streamed to the requestor comprise instructions that cause
the one or more processors to predict the one or more media
streams 1o be streamed to the requestor based at least in part
on information, other than information included in the
predictive play request, available to the device.

33. One or more computer readable media having stored
thereon a plurality of instructions that, when executed by
one or more processors of a device, causes the one or more
processors to:

send a predictive play request to a media content source;
and

receive, in response to the predictive play request, one or
more media streams predicted by the media content
source as being desired by the device.
34. One or more computer readable media as recited in
claim 33, wherein the predictive play request comprises a
request having a “Pragma: PredStart=1" header.
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35. One or more computer readable media as recited in
claim 33, wherein the instructions that cause the one or more
processors 1o receive one or more media streams predicted
by the media content source as being desired by the device
cause the one or more processors o receive the one or more
media streams predicted by the media content source as
being desired by the device without the device having
selected any of the one or more media streams.

36. One or more computer readable media as recited in
claim 33, wherein the instructions further cause the one or
more processors 1o:

select a different media stream than one of the one or more
media streams predicted by the media content source as
being desired by the device;

send, to the media content source, an indication of the
different media stream; and

receive, in response to the indication and from the media
content source, the different media stream in place of
the one of the one or more media streams predicted by
the media content source as being desired by the
device.

37. One or more computer readable media as recited in
claim 36, wherein the indication of the different media
stream comprises a Select request having a “pragma: stream-
switch-entry” header with one or more parameters to indi-
cate the different media stream.

38. One or more computer readable media as recited in
claim 33, wherein the instructions further cause the one or
more processors o:

select a different media stream than the one or more media
streams predicted by the media content source as being
desired by the device;

send, to the media content source, an indication of the
different media stream; and

receive, in response 1o the indication and from the media
content source, the different media stream in addition to
the one or more media streams predicted by the media
content source as being desired by the device.

39. One or more computer readable media as recited in
claim 38, wherein the indication of the different media
stream comprises a Select request having a “pragma: stream-
switch-entry™ header with one or more parameters to indi-
cate the different media stream.

40. One or more computer readable media as recited in
claim 33, wherein the instructions further cause the one or
more processors to include, in the predictive play request,
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information to be used by the media content source in
predicting the one or more media streams.

41. One or more computer readable media as recited in
claim 40, wherein the information included in the predictive
play request comprises an identification of a connection
speed between the device and the media content source.

42. One or more computer readable media as recited in
claim 40, wherein the information included in the predictive
play request comprises an identification of a language
desired by the device.

43. A method comprising:

sending, from a client device to a server device, a pre-
dictive play request;

predicting, at the server device and in response to the
predictive play request, one or more media streams
desired by the client device;

streaming at least the predicted one or more media
streams from the server device to the client device;

determining, at the client device, whether at least one
media stream different from the predicted one or more
media streams are selected for streaming to the client
device;

if the at least one media stream different from the pre-
dicted one or more media streams are selected for
streaming to the client device, then sending, to the
server device, an indication of the selected at least one
media stream, and streaming from the server device to
the client device the selected at least one media stream
rather than at least one of the predicted one or more
media streams;

beginning streaming the one or more media streams from
the server device to the client device using TCP (Trans-
mission Control Protocol);

probing, while streaming the one or more media streams
from the server device to the client device, whether data
can be streamed from the server device to the client
device using UDP (User Datagram Protocol); and

switching to streaming the one or more media streams
from the server device to the client device using UDP
if the probing indicates that data can be streamed from
the server device to the client device using UDP,
otherwise continuing to stream the one or more media
streams from the server device to the client device
using TCP.





