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Various functionality with respect to streaming media con-
tent is made available to users. Such functionality includes
one or more of: streaming media content at a rate indepen-
dent of the encoded bit rate of the content, allowing stream-
ing of content to continue even when the user has selected
various shuttle control options (e.g., pause, stop, fast for-
ward, seek, rewind, etc.), allowing streaming content to be
recorded for playback at a later time, and allowing streaming
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CLIENT-SIDE CACHING OF STREAMING MEDIA
CONTENT

TECHNICAL FIELD

[0001] This invention relates to streaming media, and
particularly to client-side caching of streaming media con-
tent.

BACKGROUND

[0002] Content streaming, such as the streaming of audio,
video, and/or text media content 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 and the client computer renders
the streaming content as it is received from a network server,
rather than waiting for an entire “file” to be delivered.

[0003] The increasing availability of streaming media
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 media content, audio, video, or
audio/visual coverage of noteworthy events can be broadcast
over the Internet as the events unfold. Similarly, television
and radio stations can transmit their live content over the
Internet.

[0004] Currently, streaming media content is streamed
using the concept of “just in time delivery”. The content is
delivered to the client at the content’s encoded bit rate for
playback on the client. Some buffering of the streaming
media content does occur (e.g., to allow for lost data that
needs to be retransmitted and other network inconsisten-
cies). However, current client systems typically attempt to
minimize the amount of buffering performed on the client,
thereby reducing the memory requirements on the client as
well as reducing the startup latency due to buffering.

[0005] However, current streaming media content and
buffering systems suffer from not having functionality that
other types of content playback systems have. For example,
a television program recorded on a VCR can be rewound by
the user and previously viewed portions readily watched
repeatedly, or watched at a later time as the user desires.
Current streaming media content scenarios, however, do not
allow such actions to be performed by the user. Rather,
rewinding streaming media content would involve stopping
and re-starting the streaming of the content at a new location
(and thus re-buffering the stream starting at the new loca-
tion), and a user typically cannot watch streaming media
content at a later time—the content is played for the user as
it is received and if the user desires to watch the content at
the later time he or she must have the content streamed to
him or her at that later time.

[0006] The client-side caching of streaming media content
described below solves these and other problems.

SUMMARY

[0007] Client-side caching of streaming media content is
described herein.

[0008] In accordance with certain embodiments, stream-
ing media content can be streamed at a rate independent of
the encoded bit rate of the content.
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[0009] In accordance with other embodiments, streaming
of streaming media content can continue even when the user
has selected various shuttle control options (e.g., pause,
stop, fast forward, seek, rewind, etc.).

[0010] In accordance with still other embodiments,
streaming media content can be recorded for playback at a
later time

[0011] In accordance with yet other embodiments, stream-
ing media content can be time-shifted.

[0012] In accordance with additional embodiments,
streaming media content received from a server device is
cached on a client device. Subsequent requests for the
streaming media content at the client device can then be
satisfied using the cached streaming media content rather
than re-streaming the streaming media content from the
server device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The same numbers are used throughout the docu-
ment to reference like components and/or features.

[0014] FIG. 1 illustrates an exemplary network environ-
ment in which client-side caching of streaming media con-
tent can be employed.

[0015] FIG. 2 illustrates exemplary client and server
devices.

[0016] FIG. 3 illustrates an exemplary message format
that can be used in communicating streaming media data.

[0017] FIG. 4 is a flowchart illustrating an exemplary
process for streaming media content from a server to a
client.

[0018] FIG. 5 is a flowchart illustrating an exemplary
process for streaming media content from a server to a client
while accepting shuttle control commands.

[0019] FIG. 6 is a flowchart illustrating an exemplary
process for recording streaming media content for subse-
quent playback.

[0020] FIG. 7 is a flowchart illustrating an exemplary
process for caching streaming media content on a client
device.

[0021] FIGS. 8A and 8B arc a flowchart illustrating an
exemplary process for determining whether to cache stream-
ing media content on a client device.

[0022] FIG. 9 illustrates an exemplary general computer
environment, which can be used to implement the tech-
niques described herein.

DETAILED DESCRIPTION

[0023] Client-side caching of streaming media content is
described herein. By caching the streaming media content, a
variety of previously unavailable functionality can be made
available to users. Examples of such functionality include:
streaming media content at a rate independent of the
encoded bit rate of the content, allowing streaming of
content to continue even when the user has selected various
shuffle control options (e.g., pause, stop, fast forward, seek,
rewind, etc.), allowing streaming content to be recorded for
playback at a later time, and allowing streaming content to
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be time-shifted. Different embodiments of the client-side
caching of streaming media content can include different
ones of these functionalities or combinations of different
ones of these functionalities.

[0024] FIG. 1 illustrates an exemplary network environ-
ment 100 in which client-side caching of streaming media
content can be employed. In environment multiple (x) client
computing devices 102(1), 102(2), . . . , 102(x) are coupled
to multiple (y) origin server computing devices 104(1),
104(2), . . ., 104(y) via a network 106. Network 106 is
intended to represent any of a variety of conventional
network topologies and types (including optical, wired and/
or wireless networks), employing any of a variety of con-
ventional network protocols (including public and/or pro-
prietary protocols). Network 106 may include, for example,
the Internet as well as possibly at least portions of one or
more local area networks (LANs) and/or wide area networks
(WANS).

[0025] When requesting streaming media content that is
available from an origin server device 104, the request is
routed from client device 102 to the server device 104 via
network 106. The origin server device 104 receives the
request and returns the requested content to the requesting
client device 102 via network 106. One or more proxy
servers (not shown) may be part of network 106, and
requests from client device 102 and responses to client
device 102 may be sent to and received from such a proxy
server(s) rather than the actual server device 104. Whatever
device (whether it be an origin server, proxy server, or other
device) is streaming media content to a client device 102 is
referred to as the source device for that streaming media
content.

[0026] Computing devices 102 and 104 can each be any of
a variety of conventional computing devices, including
desktop PCs, notebook or portable computers, workstations,
mainframe computers, Internet appliances, gaming con-
soles, handheld PCs, cellular telephones, personal digital
assistants (PDAs), combinations thereof, etc. One or more of
devices 102 and 104 can be the same types of devices, or
alternatively different types of devices.

[0027] 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. The data may be publicly available
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 “on-demand” (e.g., pre-recorded and of a
known size) or alternatively “broadcast” (e.g., having no
known size, such as a digital representation of a concert
being captured as the concert is performed and made avail-
able for streaming shortly after capture).

[0028] FIG. 2 illustrates exemplary client and server
devices. Client device 102 includes a streaming media
player 142 configured to access a streaming module 144 of
a source server device 146. Source server device 146 may
be, for example, an origin server device 104 of FIG. 1, or
alternatively another device (e.g., a proxy device). Source
server device 146 also includes one or more streaming

Dec. 25, 2003

media content files 148 from which a selection can be made
by media player 142 (e.g., based on user input at player 142)
and the selected content file streamed to player 142. Once
received, the streaming media content can be cached at
client device 102 by saving the content to a nonvolatile
storage device 150. Although not shown in FIG. 2, one or
more additional devices (e.g., firewalls, routers, gateways,
bridges, multiple proxy servers, etc.) may be situated
between client device 102 and server device 146. It should
be noted that multiple clients 102 may access server 146 and
that a single client 102 may access multiple servers 146,
although only a single client 102 and server 146 have been
shown in FIG. 2 for ease of explanation.

[0029] Nonvolatile storage device 150 is nonvolatile in
that it maintains its state even in the event of a power failure.
Thus, streaming media content saved to nonvolatile storage
device 150 persists in the event of power loss to client 102
(e.g., in the event client 102 is turned off). A variety of
different nonvolatile storage types may be used as device
150, such as a magnetic disk and disk drive (e.g., a conven-
tional hard disk), an optical disk and disk drive, Flash
memory, and so forth.

[0030] Communication between devices 102 and 146 can
occur using a variety of different conventional protocols. In
one implementation, communication between devices 102
and 146 occurs using a version of the HyperText Transport
Protocol (HTTP), such as version 1.1 (HTTP 1.1). In another
implementation, communication between devices 102 and
146 occurs using the Real Time Streaming Protocol (RTSP).
Alternatively, other protocols may be used, such as the
Session Initiation Protocol (SIP), the Simple Object Access
Protocol (SOAP), and so forth.

[0031] Additionally, streaming media content can be
stored and streamed in accordance with any of a variety of
different streaming media formats. In one exemplary imple-
mentation, media is streamed in accordance with the ASF
format (Advanced Systems Format or Advanced Streaming
Format). Additional information regarding ASF is available
from Microsoft® Corporation of Redmond, Washington.
The same technique can be applied to other formats as well,
such as MPEG (Moving Pictures Experts Group)-1, MPEG-
2, MPEG-4, Quicktime, etc.

[0032] FIG. 3 illustrates an exemplary message format
that can be used in communicating streaming media data.
The data structure 180 of a message, such as an HTTP 1.1
message or RTSP message, includes a start line field or
portion 182, one or more header fields or portions 184, an
empty line field or portion 186, and an optional message
body field or portion 188. Start line portion 182 contains
data identifying the message or data structure type, which
can be either a request-line (e.g., for an HTTP 1.1 GET
request or an RTSP GET_PARAMETER request) or a
status-line (e.g., for an HTTP 1.1 200 OK response or an
RTSP 1.0 200 OK response). One or more headers 184 are
also included that contain data representing information
about the message. An empty line portion 186 is used to
identify the end of the headers 184. Additional data may
optionally be included in message body portion 188. In the
discussions herein, various directives are included as head-
ers 184, although these directives may alternatively be
situated in message body 188.

[0033] Control information (e.g., for setting up the stream-
ing of media content) as well as data (e.g., the streaming
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media content) is communicated between devices 102 and
146 of FIG. 2 as appropriate using messages with data
structure 180. These messages thus correspond to or are
associated with the media content being streamed.

[0034] Returning to FIG. 2, cache manager 152 of client
device 102 manages the caching of streaming media content
received by streaming media player 142 from origin server
146. Streaming media player 142 receives the content and,
when it determines it should cache the content, forwards the
content to cache manager 152 for storage. Streaming media
player 142 may make the determination on its own, or
alternatively based at least in part on information received
from cache manager 152 (e.g., whether there is space
available in the cache).

[0035] 1t should be noted that the caching of streaming
media content by streaming media player 142 is different
than buffering the streaming media content. Various differ-
ences between caching and buffering exist, typically includ-
ing one or more of the following: the cached content is
stored to a nonvolatile storage device rather than a volatile
memory; the cached content can include content that has
already been played back; and the cached content can
include content that is not to be played back for a long time,
rather than immediately (e.g., as with “just in time” deliv-

ery).

[0036] Different pieces of streaming media content are
illustrated as different files 148 in FIG. 2, although alterna-
tively a piece of streaming media content may be stored as
multiple files (or, in the case of broadcast content, as no file).
The manner in which a “piece” of content is defined can vary
by implementation and based on the type of media. For
example, for musical audio and/or video content each song
can be a piece of content. Content may be separated into
pieces along natural boundaries (e.g., different songs), or
alternatively in other arbitrary manners (e.g., every five
minutes of content is a piece).

[0037] Conventional components that are part of client
device 102 can optionally be leveraged to perform the cache
management functionality. In one exemplary implementa-
tion, the Microsoftg® Internet Explorer browser program
includes cache management functionality, and streaming
media player 142 leverages and uses this functionality.

[0038] Each piece of media content may include multiple
streams, even though they may be stored together as a single
file. Each such stream represents a particular type of media
(e.g., audio, video, text, etc.), typically at a particular
encoded bit rate. The encoded bit rate is the rate at which the
media content is encoded for playback. It should be noted
that the encoded bit rate is independent of the user-perceived
playback speed of the content (for example, both a normal
stream of content and a fast forward stream of content which
the user perceives as two times the playback speed of the
normal stream typically have the same encoded bit rate).

[0039] Multiple versions of the same type of media (e.g.,
multiple audio versions, multiple video versions, etc.) may
be included in the media content, allowing selection of
different combinations of these streams for playback by
media player 142. Each of these different versions is typi-
cally encoded at a different bit rate (with higher bit rates
typically resulting in higher quality content). Which com-
bination of streams are to be included in the streaming media
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content can be selected in a variety of manners, such as user
preferences (e.g., for higher or lower quality content), avail-
able network bandwidth, a desired bit rate for particular
content (e.g., a bit rate set by the content author or distributor
and included in the identifier of the streaming media content
so that, when the identifier is selected by the user, streaming
media player 142 selects streams (optionally based on user
preferences) that are as close as possible to the desired bit
rate).

[0040] When caching content, cache manager 152 stores
in nonvolatile storage device 150 the particular streams (as
requested by streaming media player 142) received from
server device 146 as the streaming media content. Different
stream combinations for the same piece of media content
can be cached by cache manager 152. Alternatively, cache
manager 152 may obtain all the streams for particular media
content from server device 146 and cache all of the streams,
but playback only the requested streams to media player
142.

[0041] Multiple pieces of content may also be grouped
together in a play list, which is a list of one or more items
each of which is a particular piece of content to be streamed.
These different pieces of content can be selected (e.g., by the
user or by some other party) to be grouped together in a play
list, allowing a user to select all of them for rendering simply
by selecting the play list. By way of example, a user may
select twenty of his or her favorite songs to be part of a play
list, and subsequently have those songs played back to him
or her by selecting playback of the play list.

[0042] Caching of streaming media content at client 102
allows streaming media player 142 to provide various func-
tionality and thus enhancements to the user experience.
These include: streaming media content at a rate indepen-
dent of the encoded bit rate of the content; allowing stream-
ing of content to continue even when the user has selected
various shuttle control options (e.g., pause, stop, fast for-
ward, seek, rewind, etc.); allowing streaming content to be
recorded for playback at a later time; and allowing streaming
content to be time-shifted.

[0043] Caching streaming media content at client 102
allows media content to be streamed from server device 146
to client device 102 at a rate independent of the encoded bit
rate. Although some situations may arise where the stream-
ing rate is the same as the encoded bit rate, the streaming rate
can be greater than or less than the encoded bit rate.
Streaming media content received by streaming media
player 142 is stored in the cache and, when playing back the
content, media player 142 retrieves the content from the
cache for playback while at the same time continuing to
cache subsequent parts of the content being streamed from
server device 146. In one exemplary situation where the
streaming rate is less than the encoded bit rate, media player
142 imposes additional delays in playback of the streamed
content based on how much of the content has been cached,
what the encoded bit rate is, and what the streaming rate is.
For example, if the encoded bit rate is 300 kbps, and the
streaming rate is 150 kbps, then media player 142 delays
beginning playback of the content until sufficient content has
been stored so that the content can be played through from
beginning to end without any user-noticeable pauses.

[0044] In one implementation, media player 142, when
requesting the streaming content from streaming module
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144, also communicates a speed request to streaming mod-
ule 144. This speed request indicates the rate at which media
player 142 would like the media content streamed. Stream-
ing module 144 may then accept the requested rate and
proceed with streaming the media content to media player
142 at the requested rate, or alternatively change the rate.
For example, streaming module 144 may not be able to
stream the content at the requested rate (e.g., due to server
policies, hardware and/or software limitations of the server,
the current load of the server, and so forth). Streaming
module 144 sends an indication to media player 142 of what
the streaming rate will be (alternatively, the streaming rate
may be the rate requested by media player 142 unless
streaming module 144 indicates otherwise). Additionally,
streaming module 144 can attempt to change the streaming
rate during streaming of the content (by sending a new speed
request to streaming module 144), and streaming module
144 may change the streaming rate during streaming of the
content (by sending a new speed indication to media player
142).

[0045] Media player 142 can determine the streaming rate
it desires, and thus the rate it requests from streaming
module 144, based on a variety of different factors. The
determination can be made on a content-by-content basis. In
one implementation, media player 142 attempts to determine
the current available bandwidth between media player 142
and streaming module 144. This can be determined in any of
a variety of conventional manners, such as sending test
messages between devices 102 and 146, monitoring current
and past behavior of connections between device 102 and
146, receiving an indication of the available bandwidth from
streaming module 144, and so forth. Given the current
available bandwidth, media player 142 initially requests a
streaming rate that is a particular amount less than the
current available bandwidth. This particular amount can be
fixed (e.g., always 50 kbps) or dynamic (e.g., 15% of the
current available bandwidth, or between 5% and 25% of the
current available bandwidth).

[0046] The streaming speed request sent from media
player 142 to streaming module 144 can indicate the rate at
which media player 142 would like the data streamed in any
of a variety of manners. In one implementation, the rate is
indicated by a speed factor relative to the encoded bit rate of
the content (e.g., a speed factor of 3.2 indicates that the
streaming rate is 3.2 times faster than the encoded bit rate of
the content, while a speed factor of 0.5 indicates that the
streaming rate is one-half the encoded bit rate of the con-
tent). In another implementation, the rate is indicated by
simply stating the desired streaming bit rate (e.g., 300 kbps,
500 kbps, 20 kbps, etc.).

[0047] The speed request indication can be sent from
media player 142 to streaming module 144 in a variety of
different manners. In one implementation, where communi-
cation between devices 102 and 146 occurs using RTSP, the
following RTSP header is added to a message (e.g., as a
header 184 of FIG. 3) sent from streaming media player 142
to streaming module 144:

[0048] Speed: x

[0049] where x represents the requested speed factor rela-
tive to the encoded bit rate of the content. The value x can
be an integer or a real number (the number of decimal places
may optionally be limited—typically to one or two decimal
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places although other values can be used). This header can
be added to different messages, and in one implementation
is included in a message sent from streaming media player
142 to streaming module 144 requesting streaming of the
media content.

[0050] When streaming module 144 responds to the
request, streaming module 144 returns an analogous header
(Speed: y) in an RTSP PLAY response message to streaming
media player 142, where y represents the speed (relative to
the encoded bit rate of the content) at which streaming
module 144 will be streaming the requested content (and
may or may not be the same as the value x). As with the
value X, the value y can be an integer or a real number (and
the number of decimal places may optionally be limited-
typically to one or two decimal places although other values
can be used).

[0051] In another implementation, where communication
between devices 102 and 146 occurs using HTTP, the
following HTTP header is added to a message (e.g., as a
header 184 of FIG. 3) sent from streaming media player 142
to streaming module 144:

[0052] Pragma: Speed=x

[0053] where x represents the requested speed factor rela-
tive to the encoded bit rate of the content. The Pragma
header is a general-header field used in HTTP to include
implementation specific directives. Analogous to the RTSP
Speed header discussed above, this header can be added to
different messages, and in one implementation is included in
a message sent from streaming media player 142 to stream-
ing module 144 requesting streaming of the media content.

[0054] When streaming module 144 responds to the
request, streaming module 144 returns an analogous header
(Pragma: Speed=y) in an HTTP GET response message to
streaming media player 142, where y represents the speed
(relative to the encoded bit rate of the content) at which
streaming module 144 will be streaming the requested
content (and may or may not be the same as the value x). As
with the value x, the value y can be an integer or a real
number (and the number of decimal places may optionally
be limited-typically to one or two decimal places although
other values can be used).

[0055] 1t should be noted that, although the streaming rate
for the content may be identified with reference to the
encoded bit rate, this is done simply because it is an easy
point of reference. The streaming rate is still independent of
the encoded bit rate—virtually any speed factor can be
requested and/or selected, and the way that speed factor is
identified is with reference to the encoded bit rate.

[0056] FIG. 4 is a flowchart illustrating an exemplary
process 200 for streaming media content from a server to a
client. Process 200 is implemented by a client device and
server device, such as devices 102 and 146 of FIG. 2, and
may be performed in software, firmware, hardware, or
combinations thereof.

[0057] Initially, a streaming rate for streaming media
content that is independent of the encoded bit rate of the
content is negotiated between the client and server devices
(act 202). This negotiation can be, for example, the submis-
sion of a requested speed by the client and a return indication
of the streaming speed as discussed above. Alternatively, the

Aylo Exhibit 1006



US 2003/0236906 A1l

negotiation may take other forms, such as being initiated by
the server device (or some other device) and the client
device requesting any desired changes to the streaming rate;
using a default rate that can be changed by the client device
or the server device; using a rate indicated by the streaming
media content identifier and that can be changed by the
client device or the server device; and so forth. Once the
streaming rate is negotiated, the media content is streamed
from the server device to the client device at the negotiated
streaming rate (act 204). The streaming rate can optionally
be subsequently re-negotiated (initiated by the client device,
server device, or some other device) during streaming of the
content.

[0058] Returning to FIG. 2, streaming module 144 typi-
cally does not transfer an entire content file 148 to streaming
media player 142 as the streaming media content. Certain
information, such as file headers and indexing information,
is typically not transferred to streaming media player 142 as
part of the streaming media content. The exact nature of this
information can vary, based on the manner in which stream-
ing module 144 is designed and the format used to stream
the media content. When such information is not transferred
to client device 102, streaming media player 142 (or alter-
natively cache manager 152) generates the information and
adds the information to cache 150. Thus, the appropriate
information is available as part of the cached content and can
be used by streaming media player 142 when playing back
the streaming media content from the cache.

[0059] When streaming media player 142 receives a
request for playback of streaming media content, streaming
media player 142 checks, via cache manager 152, whether
the requested content is available in cache 150. If the content
is available in cache 150 (referred to as a “cache hit”), then
streaming media player 142 obtains the requested streaming
media content from cache 150 rather than from server device
146. However, if the content is not available in cache 150
(referred to as a “cache miss”), then streaming media player
142 obtains the requested streaming media content from
server device 146. It should be noted that, in the event the
cache becomes full and no longer has sufficient storage
space for additional streaming media content, previously
cached content can be deleted from the cache (often referred
to as being evicted from the cache) in order to make space
for new content. Any of a variety of conventional cache
replacement algorithms can be used to determine which
content is evicted from the cache.

[0060] In some situations, a content file 148 may include
multiple different streams having different encoded bit rates
(e.g., a low quality stream encoded at 56 kbps, and a high
quality stream encoded at 300 kbps). Such files are often
referred to as multiple bit rate files. In these situations,
typically only a single stream (e.g., the low quality stream or
the high quality stream) is streamed to client device 102, and
that is the stream that is cached in cache 150. Subsequent
requests for the same content at the same encoded bit rate
can be satisfied from cache 150 (they result in a cache hit),
but requests for another encoded bit rate cannot be satisfied
from cache 150 (they result in a cache miss). Alternatively,
streaming media player 142 may have all of the encoded bit
rates streamed from streaming module 144, thus having all
of them stored in cache 150.

[0061] Streaming module 144 may optionally include an
expiration time for streaming media content. This expiration
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time may be a relative time (e.g., five minutes after the
content has been sent) or a fixed time (e.g., a particular date
and time). The expiration time for streaming media content
can be indicated in a variety of different manners. In one
implementation, the expiration time is indicated using the
HTTP max-age cache control directive. In another imple-
mentation, the expiration time is indicated using the HTTP
or RTSP Expires header.

[0062] Once expired, streaming media player 142 revali-
dates the content prior to playing back the content from the
cache. Typically, this revalidation occurs when a request for
the content is received at streaming media player 142 (e.g.,
a user request for playback of the content), or alternatively
it may occur at other times (e.g., streaming media player 142
or cache manager 152 may monitor the cache and detect
when the expiration time has passed regardless of whether
the content is being requested). When content expires, the
streaming media player 142 retrieves new information
describing the content (so streaming media player 142 can
determine whether the content has changed) and a new
expiration time.

[0063] If the content has not changed, then streaming
media player 142 can simply update the expiration date for
the content to the new expiration date—no changes to the
cached content need be made. However, if the content has
changed, then streaming media player 142 streams the
requested content from streaming module 144 rather than
obtaining the content from the cache. Alternatively, stream-
ing media player 142 may attempt to determine what has
been changed with the content and stream only the por-
tion(s) that have been changed from streaming module 144,
obtaining the remaining portions from the cache.

[0064] Streaming media player 142 can obtain informa-
tion describing particular content available from server
device 146 using a describe operation. In response to a
describe request, streaming module 144 returns various
information describing the identified media content, such as
header information (e.g., including bibliographic informa-
tion about the content, characteristics of the stream(s) of the
content, information necessary to regenerate an index for the
content, etc.), meta data associated with the content, a list of
streams available as part of the content, and so forth. The
exact information returned can vary based on the manner in
which streaming module 144 is implemented and the par-
ticular format used to stream the media content. This infor-
mation can be used to revalidate the content.

[0065] In one implementation, the header information for
a particular content stream includes a GUID (Globally
Unique ID) value that is changed by the content author
whenever the content is changed. This value is known as the
“MMS Type” attribute. Changes to the content can be
detected by checking this GUID value—if the value has not
changed then the content has not changed, and if the GUID
value has changed then the content has changed.

[0066] Alternatively, different information can be checked
to determine whether the content has changed. In one
implementation, the content description information
includes an indication of the last modified date (e.g., this
may be a header 184 of FIG. 3). If the newly received last
modified date is different than the previously received last
modified date, then streaming media player 142 determines
that the content has been changed. Other information that
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may be checked is a hash of the content. A hash value of the
content may be generated using any of a variety of conven-
tional hashing algorithms—changes to the content generally
result in a change in the hash value of the content. If the hash
value has changed, then streaming media player 142 deter-
mines that the content has been changed.

[0067] As discussed above, the streaming media content
may be a play list of multiple pieces of content. When a play
list of media content is cached, streaming media player 142
revalidates each piece of media content in the play list as
necessary. Those pieces that have changed since being
cached are streamed from streaming module 144 rather than
obtained from the cache. Additionally, situations may arise
where not all of the pieces of media content in the play list
have been cached at client device 102. In these situations,
those pieces that have not been cached are streamed from
streaming module 144 rather than obtained from the cache.

[0068] Additionally, with play lists, situations can arise
where streaming media player 142 indicates to streaming
module 144 that the player is ready for the next piece of
content in the play list. This indicating can be accomplished
by communicating a “stream next entry” command to
streaming module 144, or alternatively by simply having the
current piece of content streamed from streaming module
144 even though the piece can be obtained from the cache
(when streaming module 144 reaches the end of the current
piece of content, it knows it is time to begin streaming the
next piece of content).

[0069] Caching streaming media content also allows the
streaming of content to continue even when the user has
selected various shuttle control options (e.g., stop, pause,
fast forward, seek, rewind, etc.). Streaming media player
142 makes shuttle control options available to the user of
player 142, thereby allowing the user to control playback of
the streaming module 144 as he or she desires. When the
user enters a particular shuttle control command, the behav-
ior of streaming media player 142 varies based on what
command is entered. However, in many cases, streaming
media player 142 continues streaming of the media content
from streaming module 144.

[0070] If the user enters a stop command, then streaming
media player 142 stops playback of the streaming media
content but continues to stream and cache the content from
streaming module 144. Similarly, if the user enters a pause
command, then streaming media player 142 pauses playback
of the streaming media content but continues to stream and
cache the content from streaming module 144. Additionally,
if the user enters a rewind command, then streaming media
player 142 begins rewinding the streaming media content
but continues to stream and cache the content from stream-
ing module 144. Furthermore, if the user enters a fast
forward command, then streaming media player 142 begins
fast forwarding of the streaming media content through the
already-cached portions of the content, and continues to
stream and cache the content to the extent necessary.

[0071] FIG. 5 is a flowchart illustrating an exemplary
process 230 for streaming media content from a server to a
client while accepting shuttle control commands. Process
230 is implemented by a streaming media player of a client
device, such as streaming media player 142 of client device
102 of FIG. 2, and may be performed in software, firmware,
hardware, or combinations thereof.
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[0072] Initially, a shuttle control request regarding play-
back of streaming media content is received at the streaming
media player (act 232). The streaming media player alters
playback of the streaming media content in accordance with
the request (act 234), but continues to receive the streaming
media content (act 236). It should be noted that the stream-
ing media player need not, and typically does not, inform the
server device of the shuttle control command except with
subsequent log submissions detailing the user actions.

[0073] Additionally, the user’s ability to navigate or con-
trol playback of the streaming media content using shuttle
control commands may be restricted for certain pieces of
content (or portions of certain pieces). For example, a user
may not be able to fast forward over a certain portion of
streaming media content (e.g., an advertisement). Indica-
tions of such restrictions are received by streaming media
player from streaming module 144, and cached along with
the streaming media content. Thus, any such restrictions are
also enforced when playing back the streaming media con-
tent from the cache.

[0074] Caching streaming media content further allows
content to be recorded for playback at a later time. At least
a portion of the content may be played back for the user
while the content is being streamed and cached, or alterna-
tively none of the content may be played back until a later
time (e.g., sometime after caching of the content has been
completed). For example, a user may input to streaming
media player 142 a request to cache multiple pieces of
streaming media content, and then playback those pieces at
a later time (e.g., later that day, the next day, the next week,
the next month, etc.). Such a request may be, for example,
a specific “cache content” request, or alternatively simply a
play request. When streaming media player 142 receives
such a request, it communicates with streaming module 144
and has the requested content streamed in the same manner
as if streaming media player 142 were playing back the
content for the user. However, when the content is received
at client device 102, streaming media player 142 caches the
content to nonvolatile storage device 150 and does not
(unless requested by the user) play back the content at the
current time. When the user subsequently requests playback
of the content, streaming media player 142 obtains the
content from the cache (assuming the content has not
expired or, if the content has expired then assuming the
content has not been changed).

[0075] Caching streaming media content further allows
for time-shifted playback of the streaming media content.
With time-shifted playback, the user can navigate through
and control the streaming content while it is being streamed
(e.g., by entry of pause, rewind, fast forward, etc. com-
mands). For example, a user may pause the playback of
streaming media content at a particular location, then resume
playback from that location several minutes later—even
though additional content was streamed to client device 102
while the playback was paused, playback still resumes from
the location where the user paused the playback. By way of
another example, a user may rewind the streaming media
content while it is being streamed in order to watch a portion
of the content again (or multiple additional times). If the user
rewinds the content, for example, by three minutes, the user
can watch those three minutes again and then playback
continues (with no user-noticeable break in the playback)
from the point in the content where the user entered the
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rewind command, even though additional content was
streamed to client device 102 while the three previous
minutes of content were being played back again.

[0076] FIG. 6 is a flowchart illustrating an exemplary
process 260 for recording streaming media content for
subsequent playback. Process 260 is implemented by a
streaming media player of a client device, such as streaming
media player 142 of client device 102 of FIG. 2, and may
be performed in software, firmware, hardware, or combina-
tions thereof.

[0077] Initially, the streaming media content is received
from the server (act 262). The received streaming media
content is stored locally (act 264), in the cache of the client
device. A request to play back the streaming media content
is received at a later time (act 266), which may be after
streaming of the media content has completed or not. In
response to the playback request, the locally saved stream-
ing media content is played back (act 268).

[0078] Additionally, various logging information is typi-
cally returned by streaming media player 142 to streaming
module 144 when streaming media player 142 is playing
back streaming media content. In situations where streaming
media player 142 obtains the streaming media content from
the cache at client device 102 rather than from streaming
module 144, this logging information should still be
returned to streaming module 144. The logging information
can include a variety of information, such as the amount of
time streaming media player 142 spent playing back the
content, which portions of the content were played back
multiple times, which portions of the content were skipped
over, whether playback of the content was paused and if so
at what point(s) in the content did the pausing occur,
problems with the network connection via which the stream-
ing content was received, and so forth.

[0079] The logging information can be communicated to
server device 146 in a variety of different manners. In one
implementation, a message is sent using the following
header to indicate that the message body (e.g., body 188 of
FIG. 3) includes logging information:

[0080] Content-Type: application/x-wms-sendevent

[0081] although different headers could alternatively be
sent. The message can be, for example, an RTSP SET_PA-
RAMETER message or an HT'TP POST message.

[0082] It should be noted that not all streaming media
content may be cacheable at client device 102. Different
situations may exist where streaming media content is not
cached at client device 102. These situations include, for
example, situations where the server device does not support
caching, where the content author or distributor has indi-
cated that particular content is not to be cached, where
caching is disabled by the user of client device 102, and so
forth. Additionally, in some embodiments certain content,
such as broadcast content, is not to be cached (while in other
embodiments broadcast content can be cached). If streaming
media player 142 determines that a particular piece of
content is not to be cached, then streaming media player 142
does not cache the content.

[0083] In one implementation, when streaming media
player 142 requests content to be streamed from streaming
module 144, streaming module 144 returns an indication of
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whether caching of the requested content is supported by
streaming module 144. This indication can be included in a
message header (e.g., a header 184 of FIG. 3) and is referred
to as a “supported” header. An example of a directive in a
supported header is as follows:

[0084]

[0085] although other headers can alternatively be used.
The presence of this supported header indicates that stream-
ing module 144 supports caching of client device 102, so
streaming module 144 allows, for example, media content to
be streamed at a rate independent of the encoded bit rate,
logging information to be received for cached content, etc.
If this supported header is not present, then streaming media
player 142 does not cache the streaming media content
associated with the message.

com.microsoft.wm.fastcache

[0086] Additionally, various cache-control directives can
be used to control the caching of particular pieces of
streaming media content. Cache control headers contain
information describing how caching of the associated
streaming media content is to be handled by cache manager
152 (as well as any intermediary devices, such as proxy
servers, that include caches). The cache control header is
used to specify directives that are to be obeyed by all
caching mechanisms that receive the message. Although not
discussed here, additional cache control directives (e.g.,
conventional HTTP or RTSP cache control directives) may
also be included in the cache control header.

[0087] Depending on the protocol used, cache control
directives to indicate that only a streaming media player can
cache the associated content may or may not be included.
For protocols that are designed for both streaming and
non-streaming media (e.g., HTTP), the indication that a
streaming media player (but not a generic HTTP component
(e.g., a web browser) or proxy device) can cache the
associated content is typically used. However, for protocols
that are designed specifically for streaming media (e.g.,
RTSP), the indication that only a streaming media player can
cache the associated content is not needed (and thus is
typically not used).

[0088] Table I illustrates exemplary cache control direc-
tives and whether caching is allowed for protocols that are
designed specifically for streaming media (e.g., RTSP).
Table II illustrates exemplary cache control directives and
whether caching is allowed for protocols that are not
designed specifically for streaming media (e.g., HTTP).

TABLE 1

Cache Control Directive Streaming Media Player Caching

<none> Allowed
“no-user-cache” Not Allowed
“no-cache” Not Allowed

[0089]

TABLE II

Generic HTTP Cache/
Proxy device Caching

Streaming Media

Cache Control Directive Player Caching

<none> Allowed Allowed
“no-cache, user-public” Not Allowed Allowed
“no-cache” Not Allowed Not Allowed
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[0090] 1t should be noted that, in Table II, the “user-
public” directive is understood by streaming media player
142 as indicating that the associated content can be cached,
and overrides the “no-cache” directive. However, if the
“user-public” directive is not included, then the “no-cache”
directive indicates to streaming media player 142 that the
associated content cannot be cached. Furthermore, a generic
HTTP cache or proxy device does not understand the
“user-public” directive, and thus simply follows the “no-
cache” directive and will not cache the content.

[0091] Various other factors may also weigh in on deter-
mining whether to cache a particular piece of content. In one
implementation, the streaming media content identifier, such
as a URL (Uniform Resource Locator) may include an
indication that the content is to be cached or is not to be
cached. For example, the value “?WMCache=0" may be
used to indicate that no caching of the content is to occur,
while the value “?WMCache=1" may be used to indicate
that caching of the content is to occur. In another imple-
mentation, streaming media player 142 allows the user to
specifically disable client caching of streaming media con-
tent, in response to which no streaming media content will
be cached by streaming media player 142. In yet another
implementation, streaming media player 142 may decide not
to cache any streaming media content (e.g., it may determine
that there is not enough storage space for content caching, or
it may determine that it has played back content from its
cache less than a threshold number of times so it will not
cache subsequently received streaming media content, etc.).
In still another implementation, only certain types of stream-
ing media content may be cached (e.g., on-demand content
is cacheable but broadcast content is not cacheable).

[0092] Additionally, if streaming media player 142 deter-
mines that a piece of streaming media content is going to be
cached, various restrictions may optionally be placed on
streaming media player due to that caching. For example,
streaming media player 142 may be configured to not
request stream thinning (e.g., reducing the number of frames
being streamed from the server device in order to save
bandwidth) if it is caching the content.

[0093] FIG. 7 is a flowchart illustrating an exemplary
process 300 for caching streaming media content on a client
device. Process 300 is implemented by a streaming media
player of a client device, such as streaming media player 142
of client device 102 of FIG. 2, and may be performed in
software, firmware, hardware, or combinations thereof.

[0094] Initially, the streaming media content is received
from the server device (act 302). Process 300 proceeds based
on whether it is caching of the streaming media content is
allowed (act 304). If caching is allowed, then the content is
saved to a nonvolatile storage device (act 306), and the
streaming media content is made available for playback (act
308). It should be noted that, in act 308, if the streaming
media content is cached then it can be available for playback
while the content is being streamed and/or at a later time.
However, if caching is not allowed then the streaming media
content is simply made available for playback (act 308)—if
not cached, the content cannot be played back at a later time
without re-streaming the content.

[0095] FIGS. 8A and 8B arc a flowchart illustrating an
exemplary process 330 for determining whether to cache
streaming media content on a client device. Process 330 is
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implemented by a streaming media player of a client device,
such as streaming media player 142 of client device 102 of
FIG. 2, and may be performed in software, firmware,
hardware, or combinations thereof.

[0096] Initially, the streaming media player attempts to
access streaming media content available from a server
device (act 336 of FIG. 8A) and obtains the header infor-
mation for the streaming media content from the server
device (act 338). The streaming media player then checks
whether the user has disabled client caching of streaming
media content (act 340). If the user has disabled client
caching of streaming media content, then the streaming
media content is not cached at the client (act 342). However,
if the user has not disabled client caching of streaming media
content, then the streaming media player checks whether the
streaming media content identifier indicates no caching for
the content (act 344). If so, then the streaming media content
is not cached at the client (act 342).

[0097] However, if the streaming media content identifier
does not indicate no caching for the content, then the
streaming media player checks whether the streaming media
player has disabled client caching of streaming media con-
tent (act 346). If so, then the streaming media content is not
cached at the client (act 342). If not, then the streaming
media player checks whether the streaming media content
identifier includes a content bit rate modifier (act 348).

[0098] 1If a content bit rate modifier is included then the
streaming media player selects the set of streams that have
the highest bit rates that do not exceed the value of the
content bit rate modifier (act 352 of FIG. 8B). If a content
bit rate modifier is not included then the streaming media
player selects the set of streams based on the bandwidth
between the client and server, also referred to as the link
bandwidth (act 350 of FIG. 8B).

[0099] Once the streams are selected, the streaming media
player proceeds based on whether the streaming media
content identifier indicates that the content should be cached
(act 354). If not, then the streaming media player checks
whether the link bandwidth is greater than 1.5 times the sum
of the bit rates of the selected streams or less than 0.9 times
the sum of the bit rates of the selected streams (act 356).
Alternatively, values other than 1.5 and 0.9 may be used in
act 356. If the link bandwidth is not greater than 1.5 times
the sum of the bit rates of the selected streams or less than
0.9 times the sum of the bit rates of the selected streams, then
the streaming media content is not cached at the client (act
342 of FIG. 8A). However, if the link bandwidth is greater
than 1.5 times the sum of the bit rates of the selected streams
or less than 0.9 times the sum of the bit rates of the selected
streams, then the streaming media player checks whether the
selected protocol supports client caching of streaming media
content (act 358). In one exemplary implementation, HTTP
1.1 and RTSP using TCP (Transmission Control Protocol)
data delivery support client caching of streaming media
content.

[0100] If the protocol does not support client caching of
streaming media content, then the streaming media content
is not cached at the client (act 342 of FIG. 8A). If the
protocol does support client caching of streaming media
content, or if the streaming media content identifier indicates
that the content should be cached (act 354), then the stream-
ing media player checks whether the server allows client

Aylo Exhibit 1006



US 2003/0236906 A1l

caching (act 360). If the server does not allow client caching,
then the streaming media content is not cached at the client
(act 342 of FIG. 8A). However, if the server does allow
client caching, then a check is made as to whether there is
sufficient space in the cache for the streaming media content
(act 362). The amount of space needed to cache the stream-
ing media content can be identified, for example, in the
header information received in act 338 of FIG. 8A. Previ-
ously cached content may optionally be evicted from the
cache if necessary to create sufficient space. If there is not
sufficient space in the cache, then the streaming media
content is not cached at the client (act 342 of FIG. 8A).
However, if there is sufficient space in the cache, then the
streaming media content is cached at the client (act 364).

[0101] Tt should be noted that in some situations, such as
when the streaming media content is broadcast content, the
size of the content may not be known and thus a determi-
nation of whether there is sufficient space in the cache (act
362) for all of the content may not be made. In such
situations, the content may simply be cached until the cache
no longer has sufficient space for any more content, at which
point caching of the streaming media content stops. Alter-
natively, an approximate size of the streaming media content
may be made available to the streaming media player, such
as in the header information received in act 338 of FIG. 8A
(e.g., an expected duration of the broadcast as well as the
encoded bit rate of the broadcast streaming media content,
from which an approximate size of the broadcast content can
be readily determined).

[0102] Tt should also be noted that process 330 of FIGS.
8A and B is an exemplary process for determining whether
to cache streaming media content on a client device, and that
various modifications may be made to process 330. For
example, in embodiments where broadcast content is not
cached, then an additional act(s) may be included in process
330 to check whether the content is broadcast content, and
if so then the content is not cached (act 342). In other
embodiments, a check may be made as to whether the
content identifier indicates that the content should be
cached, and if so, this can override other default settings
(e.g., broadcast content may not be cached by default, but
may be overridden by an indication in the content identifier
that it can be cached). In still other embodiments, a user may
not be permitted to disable client caching and thus act 340
need not be included in process 330. In yet other embodi-
ments, a content identifier may not be able to indicate
whether content should be cached and thus act 344 need not
be included in process 330.

[0103] Various processes are illustrated by way of flow-
charts herein. It should be noted that the acts involved in
these processes can be performed in the order shown in the
flowcharts, or alternatively in different orders. For example,
in FIGS. 8A and 8B, the acts may be performed in the order
shown, or act 360 or act 362 may be performed before act
340, act 346 may be performed before act 344, and so forth.

[0104] FIG. 9 illustrates an exemplary 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
intended 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
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as having any dependency or requirement relating to any one
or combination of components illustrated in the exemplary
computer environment 400.

[0105] Computer environment 400 includes a general-
purpose computing device in the form of a computer 402.
Computer 402 can be, for example, a client 102 or server
104 of FIG. 1, or a client 102 or server 146 of FIG. 2. 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.

[0106] 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.

[0107] 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.

[0108] 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.

[0109] Computer 402 may also include other removable/
non-removable, volatile/non-volatile computer storage
media. By way of example, FIG. 14 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).

[0110] 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 cassettes
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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-
ries (ROM), electrically erasable programmable read-only
memory (EEPROM), and the like, can also be utilized to
implement the exemplary computing system and environ-
ment.

[0111] 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.

[0112] 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).

[0113] 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.

[0114] Computer 402 can operate in a networked environ-
ment using logical connections to one or more remote
computers, such as a remote computing device 448. By way
of 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.

[0115] Logical connections between computer 402 and the
remote computer 448 are depicted as a local area network
(LAN) 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.

[0116] 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.
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[0117] In anetworked environment, such as that illustrated
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
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 at various times in
different storage components of the computing device 402,
and are executed by the data processor(s) of the computer.

[0118] Various modules and techniques may be described
herein in the general context of computer-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.

[0119] 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.”

[0120] “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.

[0121] “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.

[0122] 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.
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1. One or more computer readable media having stored
thereon a plurality of instructions that, when executed by
one or more processors of a client device, causes the one or
more processors to:

receive, from a server device, streaming media content at
a rate independent of an encoded bit rate of the stream-
ing media content.

One or more computer readable media as recited in claim
1, wherein the plurality of instructions further cause the
one or more processors to:

receive, from a user, a request for the streaming media
content; and

request, from the server device and in response to the
user request, the streaming media content.
2. One or more computer readable media as recited in
claim 1, wherein the plurality of instructions further cause
the one or more processors to:

save the received streaming media content to a nonvola-
tile storage device.
3. One or more computer readable media as recited in
claim 1, wherein the server device comprises a proxy server.
4. One or more computer readable media as recited in
claim 1, wherein the plurality of instructions further cause
the one or more processors to:

send, to the server device, a speed request indicating a
requested rate for the streaming media content; and

receive, from the server device, an indication of the rate

for the streaming media content.

5. One or more computer readable media as recited in
claim 4, wherein the requested rate is represented by a value
x, and wherein the speed request is a streaming speed
message header comprising:

Pragma: Speed=x.

6. One or more computer readable media as recited in
claim 4, wherein the requested rate is represented by a value
x, and wherein the speed request is a streaming speed
message header comprising:

Speed=x.
7. A method, implemented in a server device, comprising:

receiving, from a client device, a request for streaming
media content; and

streaming, to the client device, the media content at a rate
independent of an encoded bit rate of the content.
8. A method as recited in claim 7, further comprising:

receiving, from a user, a request for the streaming media
content; and

requesting, from the server device and in response to the
user request, the streaming media content.
9. A method as recited in claim 7, further comprising:

caching the received streaming media content.

10. A method as recited in claim 7, wherein the server
device comprises a proxy server.

11. A method as recited in claim 7, further comprising:

sending, to the server device, a speed request indicating a
requested rate for the streaming media content; and
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receiving, from the server device, an indication of the rate
for the streaming media content.
12. Amethod as recited in claim 11, wherein the requested
rate is represented by a value x, and wherein the speed
request is a streaming speed message header comprising:

Pragma: Speed=x.

13. Amethod as recited in claim 11, wherein the requested
rate is represented by a value x, and wherein the speed
request is a streaming speed message header comprising:

Speed=x.

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

receive a request to stop playback of streaming media
content at least temporarily;

stop playback of the streaming media content at the client
device; and

continue to receive the streaming media content without
regard for the request to stop playback of the streaming
media content.
15. One or more computer readable media as recited in
claim 14, wherein the request comprises a stop command.
16. One or more computer readable media as recited in
claim 14, wherein the request comprises a pause command.
17. One or more computer readable media as recited in
claim 14, wherein the plurality of instructions further cause
the one or more processors to cache the received streaming
media content.
18. A method comprising:

receiving streaming media content from a server;
receiving, from a user, a shuttle control option; and

altering playback of the streaming media content in
accordance with the shuttle control option and without
notifying the server of the shuttle control option.
19. A method as recited in claim 18, wherein the shuttle
control option comprises a stop command.
20. A method as recited in claim 18, wherein the shuttle
control option comprises a pause command.
21. A method as recited in claim 18, wherein the shuttle
control option comprises a rewind command.
22. A method as recited in claim 18, wherein the shuttle
control option comprises a fast forward command.
23. A method as recited in claim 18, further comprising:

caching the streaming media content upon receipt from

the server.

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

receive streaming media content from a server device; and

save the received streaming media content to a nonvola-

tile storage device of the client device.

25. One or more computer readable media as recited in
claim 24, wherein the server device comprises a proxy
server.

26. One or more computer readable media as recited in
claim 24, wherein the nonvolatile storage device comprises
a hard disk drive.
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27. One or more computer readable media as recited in
claim 24, wherein the nonvolatile storage device comprises
an optical disk and optical disk drive.

28. One or more computer readable media as recited in
claim 24, wherein the instructions that cause the one or more
processors to save the received streaming media content to
the nonvolatile storage device comprise instructions that
cause the one or more processors to save the received
streaming media content only if an indication is received
from the server device that it is permissible to cache the
content.

29. One or more computer readable media as recited in
claim 24, wherein the instructions that cause the one or more
processors to save the received streaming media content to
the nonvolatile storage device comprise instructions that
cause the one or more processors to save the received
streaming media content to the nonvolatile storage device
only if a message is received, from the server device, that
includes a supported header to indicate that caching of
streaming media content is supported by the server device.

30. One or more computer readable media as recited in
claim 29, wherein the supported header includes a feature
name to indicate that client caching of streaming media
content is supported by the server device, the feature name
comprising:

com.microsoft.wm.fastcache.

31. One or more computer readable media as recited in
claim 24, wherein the instructions that cause the one or more
processors to save the received streaming media content to
the nonvolatile storage device comprise instructions that
cause the one or more processors to save the received
streaming media content to the nonvolatile storage device
only if a message is received, from the server device, that
includes a cache control directive to indicate that the client
device is allowed to cache streaming media content associ-
ated with the cache control directive.

32. One or more computer readable media as recited in
claim 24, wherein the instructions that cause the one or more
processors to save the received streaming media content to
the nonvolatile storage device comprise instructions that
cause the one or more processors to save the received
streaming media content to the nonvolatile storage device
only if an identifier of the streaming media content indicates
it is permissible to cache the streaming media content.

33. One or more computer readable media as recited in
claim 32, wherein the identifier comprises a URL (Uniform
Resource Locator).

34. One or more computer readable media as recited in
claim 24, wherein the instructions that cause the one or more
processors to save the received streaming media content to
the nonvolatile storage device comprise instructions that
cause the one or more processors to save the received
streaming media content to the nonvolatile storage device
only if a user has not disabled client caching of streaming
media content.

35. One or more computer readable media as recited in
claim 24, wherein the instructions that cause the one or more
processors to save the received streaming media content to
the nonvolatile storage device comprise instructions that
cause the one or more processors to save the received
streaming media content to the nonvolatile storage device
only if a media player of the client device has not disabled
client caching of streaming media content.
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36. One or more computer readable media as recited in
claim 24, wherein the instructions that cause the one or more
processors to save the received streaming media content to
the nonvolatile storage device comprise instructions that
cause the one or more processors to save the received
streaming media content to the nonvolatile storage device
only if a type of the streaming media content is a cacheable
type.

37. One or more computer readable media as recited in
claim 24, wherein the plurality of instructions further cause
the one or more processors to:

receive a subsequent request for the streaming media
content; and

obtain, in response to the subsequent request, the stream-

ing media content from the nonvolatile storage device.

38. One or more computer readable media as recited in

claim 37, wherein the plurality of instructions further cause
the one or more processors to:

check whether the streaming media content has expired;
and

obtain, in response to the subsequent request, the stream-
ing media content from the nonvolatile storage device
only if the streaming media content has not expired.
39. One or more computer readable media as recited in
claim 37, wherein the plurality of instructions further cause
the one or more processors to:

check whether the streaming media content has expired;
and

revalidate the streaming media content if the streaming
media content has expired.
40. One or more computer readable media as recited in
claim 37, wherein the plurality of instructions further cause
the one or more processors to:

generate a message including logging information regard-
ing playback of the streaming media content from the
nonvolatile storage device, the message including a
logging information header to indicate that a message
body portion of the data structure includes the logging
information.
41. One or more computer readable media as recited in
claim 40, wherein the logging information header com-
prises:

Content-Type: application/x-wms-sendevent.
42. A system comprising:

a nonvolatile storage device; and

a streaming media player component configured to
receive, from a server device, streaming media content
for playback on the system, and further configured to
store the streaming media content on the nonvolatile
storage device.

43. Asystem as recited in claim 42, wherein the streaming
media player is further configured to save the received
streaming media content to the nonvolatile storage device
only if a message is received, from the server device, that
includes a supported header to indicate that caching of
streaming media content is supported by the server device.

44. Asystem as recited in claim 43, wherein the supported
header includes a feature name to indicate that client caching
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of streaming media content is supported by the server
device, the feature name comprising:

com.microsoft.wm.fastcache.

45. A system as recited in claim 42, wherein the streaming
media player component is further configured to store the
streaming media content on the nonvolatile storage device
only if an indication is received from the server device that
it is permissible to cache the content.

46. A system as recited in claim 42, wherein the streaming
media player component is further configured to store the
streaming media content on the nonvolatile storage device
only if a message is received, from the server device, that
includes a cache control directive to indicate that the system
is allowed to cache streaming media content associated with
the cache control directive.

47. Asystem as recited in claim 42, wherein the streaming
media player component is further configured to store the
streaming media content on the nonvolatile storage device
only if an identifier of the streaming media content indicates
it is permissible to cache the streaming media content.

48. A system as recited in claim 47, wherein the identifier
comprises a URL (Uniform Resource Locator).

49. A system as recited in claim 42, wherein the streaming
media player component is further configured to store the
streaming media content on the nonvolatile storage device
only if a user has not disabled client caching of streaming
media content.

50. A system as recited in claim 42, wherein the streaming
media player component is further configured to store the
streaming media content on the nonvolatile storage device
only if the streaming media player has not disabled client
caching of streaming media content.

51. Asystem as recited in claim 42, wherein the streaming
media player component is further configured to store the
streaming media content on the nonvolatile storage device
only if a type of the streaming media content is a cacheable
type.

52. Asystem as recited in claim 42, wherein the streaming
media player is further configured to:

receive a subsequent request for the streaming media
content; and

obtain, in response to the subsequent request, the stream-

ing media content from the nonvolatile storage device.

53. Asystem as recited in claim 52, wherein the streaming
media player is further configured to:

check whether the streaming media content has expired;
and

obtain, in response to the subsequent request, the stream-
ing media content from the nonvolatile storage device
only if the streaming media content has not expired.
54. A system as recited in claim 52, wherein the streaming
media player is further configured to:

check whether the streaming media content has expired;
and

revalidate the streaming media content if the streaming
media content has expired.
55. Asystem as recited in claim 52, wherein the streaming
media player is further configured to:

generate a message including logging information regard-
ing playback of the streaming media content from the
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nonvolatile storage device, the message including a
logging information header to indicate that a message
body portion of the data structure includes the logging
information.
56. A system as recited in claim 55, wherein the logging
information header comprises:

Content-Type: application/x-wms-sendevent.

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

receive streaming media content from a server device; and

cache the received streaming media content on the client

device for playback at a later time.

58. One or more computer readable media as recited in
claim 57, wherein the instructions that cause the one or more
processors to cache the received streaming media content
comprise instructions that cause the one or more processors
to save the received streaming media content only if an
indication is received from the server device that it is
permissible to cache the content.

59. One or more computer readable media as recited in
claim 57, wherein the later time comprises a time after all of
the streaming media content has been received from the
server device.

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

receive streaming media content from a server device; and

allow playback of the streaming media content to be

time-shifted.

61. One or more computer readable media as recited in
claim 60, wherein the plurality of instructions further cause
the one or more processors to cache the received streaming
media content.

62. A system comprising:

a nonvolatile storage device; and
a streaming media playback component configured to,

receive, from a server device, streaming media content
at a rate independent of an encoded bit rate of the
streaming media content,

store the streaming media content on the nonvolatile
storage device,

allow playback of the streaming media content at a later
time,

allow playback of the streaming media content to be
time-shifted,

alter playback of the streaming media content in accor-
dance with a received shuttle control option and
without notifying the server device of the shuttle
control option,

receive a request to stop playback of streaming media
content at least temporarily,

stop playback of the streaming media content at the
system, and
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continue to receive the streaming media content with-
out regard for the request to stop playback of the
streaming media content.
63. A computer readable media having stored thereon a
data structure, comprising:

a first portion containing data identifying a data structure
type;

a second portion containing data identifying one or more
headers, the one or more headers including a supported
header to indicate whether client caching of streaming
media content is supported by a source of the streaming
media content; and

a third portion containing data identifying an end of the

second portion in the data structure.

64. A computer readable media as recited in claim 63,
wherein the supported header includes a feature name to
indicate that client caching of streaming media content is
supported by the source, the feature name comprising:

com.microsoft.wm.fastcache.
65. A computer readable media having stored thereon a
data structure, comprising:

a first portion containing data identifying a data structure
type;

a second portion containing data identifying a cache
control directive to indicate whether a client device is
allowed to cache streaming media content associated
with the cache control directive; and

a third portion containing data identifying an end of the

second portion in the data structure.

66. A computer readable media as recited in claim 65,
wherein the cache control directive further indicates whether
a proxy device is allowed to cache the streaming media
content.

67. A computer readable media as recited in claim 65,
wherein the cache control directive further indicates whether
a caching device that does not support caching of streaming
media content is allowed to cache the streaming media
content.

68. A computer readable media as recited in claim 65,
wherein no cache control directive is used to indicate that the
client device is allowed to cache the streaming media
content.

69. A computer readable media as recited in claim 65,
wherein a cache control directive to indicate a streaming
media player of the client device is allowed to cache the
streaming media content comprises:

no-cache, user-public.
70. A computer readable media as recited in claim 65,
wherein a cache control directive to indicate a streaming
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media player of the client device is not allowed to cache the
streaming media content comprises:

no-user-cache.
71. A computer readable media having stored thereon a
data structure, comprising:

a first portion containing data identifying a data structure
type;

a second portion containing data identifying one or more
headers, the one or more headers including a streaming
speed header to indicate a speed at which streaming
media content is to be streamed, wherein the speed at
which the streaming media content is to be streamed is
independent of an encoded bit rate of the streaming
media content; and

a third portion containing data identifying an end of the

second portion in the data structure.

72. A computer readable media as recited in claim 71,
wherein the speed at which the streaming media content is
to be streamed is represented by a value x, and wherein the
streaming speed header comprises:

Pragma: Speed=x.

73. A computer readable media as recited in claim 71,
wherein the speed at which the streaming media content is
to be streamed is represented by a value x, and wherein the
streaming speed header comprises:

Speed=x.

74. A computer readable media as recited in claim 71,
wherein the speed at which the streaming media content is
to be streamed is a speed requested by a client device that is
to receive the streaming media content.

75. A computer readable media having stored thereon a
data structure, comprising:

a first portion containing data identifying a data structure
type;

a second portion containing data identifying one or more
headers, the one or more headers including a logging
information header to indicate that a message body
portion of the data structure includes logging informa-
tion regarding playback of streaming media content
from a client device cache; and

a third portion containing data identifying an end of the
second portion in the data structure.
76. A computer readable media as recited in claim 75,
wherein the logging information header comprises:

Content-Type: application/x-wms-sendevent.
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