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ADAPTABLE ACCELERATED CONTENT
STREAMING

TECHNICAL FIELD

[0001] This invention relates to streaming media, and
particularly to adaptable accelerated content streaming.

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] When streaming media content over a network, the
data is typically sent in packets. However, there is typically
no guarantee that data packets will arrive at their destination
in the same order that they are received, or even that they
will arrive at their destination at all. Additionally, there is
typically no guarantee that the time it takes a data packet to
travel from the source to the destination will be a specific
amount, or even that it will be the same for different data
packets. In order to account for these variances in data
delivery to the client computer, the client computer main-
tains a buffer of data, typically on the order of three to five
seconds worth of data. This buffer allows the client com-
puter to smooth out the variances so that they are not
noticeable to the user during playback of the content.
However, one problem with this buffering is that it causes
the user to have to wait for the buffer to be initially filled
before playback begins, thereby delaying the starting of the
playback. It would be beneficial to provide a way to reduce
this user-unfriendly delay.

[0004] The adaptable accelerated content streaming
described below solves these and other problems.

SUMMARY

[0005] Adaptable
described herein.

[0006] In accordance with one aspect, data is allowed to be
streamed from a server to a client over a network at up to an
adaptable accelerated rate for an amount of time before
reducing the rate at which the data is streamed to the client.

accelerated content streaming is

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The same numbers are used throughout the docu-
ment to reference like components and/or features.

[0008] FIG. 1 illustrates an exemplary network environ-
ment in which adaptable accelerated content streaming can
be employed.

[0009] FIG. 2 illustrates exemplary client and server
devices
[0010] FIG. 3 is a flowchart illustrating an exemplary

process for accelerated streaming of media content from a
server to a client

[0011] FIG. 4 illustrates an exemplary general computer
environment which can be used to implement the techniques
described herein.
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DETAILED DESCRIPTION

[0012] Adaptable accelerated content streaming is
described herein. When a server device is initially streaming
media content to a client device, the streaming is performed
at an accelerated rate so that the buffer on the client device
can be filled quicker. When this initial buffer fill is finished,
the rate of streaming is reduced to a steady state rate (e.g.,
the same rate as the streaming media is encoded at). The
actual accelerated rate is determined based at least in part on
the available bandwidth.

[0013] FIG. 1 illustrates an exemplary network environ-
ment 100 in which adaptable accelerated content streaming
can be employed. In environment 100, 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 (LANSs) and/or wide area networks
(WANSs).

[0014] 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.

[0015] 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 or other wireless
communications devices, 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.

[0016] 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).
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[0017] 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
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.
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.

[0018] Client device 102 also includes a buffer 152 that is
used to buffer streaming media content received from server
device 146. Although illustrated as part of streaming media
player 142, buffer 152 may alternatively be separate from
streaming media player 142. Streaming media player 142
plays back the streaming media content from buffer 152,
allowing smooth playback of the content despite variances
in the order and/or timing of the receipt of data from server
device 146.

[0019] Source server device 146 also includes an acceler-
ated streaming control module 150 that determines an appro-
priate rate for accelerated streaming (also referred to as fast
streaming) of media content to client device 102. Acceler-
ated streaming control module 150 determines the appro-
priate rate for the accelerated streaming based on the band-
width load of server device 146, as discussed in more detail
below. Streaming module 144 streams the media content to
streaming media player 142 at an accelerated rate that is
greater than the steady state rate of the streaming media
content.

[0020] By initially streaming the media content to client
device 102 at an accelerated rate, content buffer 152 at
device 102 can be filled quicker than when streaming at the
steady state rate. Since streaming media player 142 typically
begins playback of the streaming media content as soon as
buffer 152 is filled to its desired level, by filling buffer 152
to that desired level more quickly playback of the streaming
media content at client device 102 can begin sooner. The
steady state rate of the streaming media content refers to the
rate at which the streaming media content is streamed after
accelerated streaming has stopped. Typically, the steady
state rate of the streaming media content is the rate at which
the streaming media content is encoded for playback (typi-
cally referred to as the encoded bit rate of the content),
although alternatively this rate may vary. Different content
can be encoded at different rates, which generally affect the
quality of the content—higher encoded bit rates typically
result in higher quality content playback. Additionally, dif-
ferent portions of content can be encoded at different rates,
also referred to as variable bit rate encoding (e.g., quiet
periods of a song may be encoded at 60 kbps (kilobits per
second) while more “active” portions of the song may be
encoded at 150 kbps).

[0021] By way of example, server device 146 may
include, as one or more content files 148, content encoded at
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a rate of 100 kbps and also at a rate of 300 kbps. Assuming
the user of client device 102 desires to view the 100 kbps
content, streaming media player 142 requests the 100 kbps
content from server device 146. Further assuming that
streaming media player 142 desires buffer 152 to have five
seconds worth of content before playback begins (that is,
enough data so that playback of the content at the encoded
rate will be approximately five seconds), which is 500 kb
(kilobits) of data in this example, without accelerated
streaming there would be a five second delay before play-
back begins while buffer 152 is filled to the desired level.
However, with accelerated streaming, if the initial five
seconds worth of data can be streamed at an accelerated rate
of 500 kbps, then the delay is reduced to one second.

[0022] Communication between devices 102 and 146 can
occur using a variety of different protocols. In one imple-
mentation, communication between devices 102 and 146
occurs using a version of the HyperText Transport Protocol
(HTTP), such as version 1.0 (HTTP 1.0) or version 2.0
(HTTP 2.0). In another implementation, communication
between devices 102 and 146 occurs using the Real Time
Streaming Protocol (RTSP), such as RTSPU (RTSP used
with User Datagram Protocol (UDP)) and/or RTSPT (RTSP
used with Transmission Control Protocol (TCP)). Alterna-
tively, other protocols may be used, such as the Session
Initiation Protocol (SIP), the Simple Object Access Protocol
(SOAP), the Microsoft Media Server (MMS) protocol (such
as MMSU (MMS used with UDP) or MMST (MMS used
with TCP), and so forth.

[0023] 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 Microsof® Corporation of Redmond, Wash. Alterna-
tively, or in conjunction with the ASF format, other stream-
ing media formats may be used such as WMA (Windows
Media Audio), WMV (Windows Media Video), MPEG
(Moving Pictures Experts Group)-1, MPEG-2, MPEG-4,
Quicktime, etc.

[0024] 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).

[0025] 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 rate at which the media content is
encoded for playback). The encoded bit rate for a stream
may be a static rate (e.g., the same for the entire stream) or
may be a variable bit rate. It should be noted that the
encoded bit rate is independent of the user-perceived play-
back speed of the content (for example, both a normal
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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).

[0026] FIG. 3 is a flowchart illustrating an exemplary
process 200 for accelerated streaming of media content from
a server to a client. Process 200 is implemented by a server
device, such as device 146 of FIG. 2, and may be performed
in software, firmware, hardware, or combinations thereof.

[0027] Initially, a request is received at the server for
streaming media content to be streamed to a client device
(act 202). The request may be received from the same client
device as the device that the content is to be streamed to, or
alternatively a different device. Oftentimes, this request is a
request from a client device in response to a user selection,
at the client device, of particular content that the user desires
to have played back to him or her. Alternatively, the client
device may be pre-programmed or otherwise configured to
request particular content for streaming in the absence of
any specific user request or selection. In other alternatives,
the request may originate from a device other than the client
device. For example, a component (not shown) of the server
device may be pre-programmed or otherwise configured to
request that media content be streamed to a particular client
device(s). By way of another example, another device (e.g.,
communicating with server 146 of FIG. 2 via network 106
of FIG. 1) may send a request to the server device to stream
media content to a particular client device(s).

[0028] When a request for streaming media content is
received, accelerated streaming control module 150 identi-
fies the amount of currently available bandwidth (act 204).
Server device 146 can concurrently support multiple media
content streams being streamed to the same or different
client devices, and has a total amount of bandwidth that it
can allocate to these collective streams (also referred to as
the total bandwidth capacity of server device 146). This total
amount may be based on hardware and/or software con-
straints in device 146.

[0029] The total amount of bandwidth may be a user-
configurable value (e.g., set by a system administrator) or
alternatively may be automatically calculated by device 146.
In other alternatives, the total amount of bandwidth may be
calculated by other devices, such as a router or other
network device coupled to device 146, another server device
coupled to device 146, and so forth. Such calculations can
optionally be performed to account for the network topology
and changes in both the network topology (e.g., due to
malfunctioning devices) and the load on various devices in
the network. For example, device 146 may be part of a
complex data center that includes numerous server devices
and numerous network routers. The total amount of band-
width may thus be an ever-changing amount as different
servers are accessed by different clients, different data is
being requested from different servers, devices occasionally
malfunction, and so forth.

[0030] Server device 146 monitors, in any of a wide
variety of conventional manners, the amount of its band-
width that is currently being used (also referred to as the
bandwidth load of device 146). Thus, accelerated streaming
control module 150 can readily identify an amount of
currently available bandwidth (based on the total amount of
bandwidth capacity for the server device and the amount of
bandwidth currently being used). It should be noted that
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control module 150 identifies the amount of currently avail-
able bandwidth as based on the amount of bandwidth
currently being used, not the amount of the total bandwidth
that has been made available for accelerated streaming of
media content to other client devices.

[0031] Given the amount of available bandwidth, an
amount of the total bandwidth currently available to be used
for accelerated streaming of the media content to the
requester is determined (act 206). In one implementation, a
particular percentage of the total bandwidth currently avail-
able can be used for accelerated streaming of the media
content to the requester. In one implementation, this per-
centage is 50%. Typical values for this percentage range
from 20% to 85%, although other percentages less than 20%
or higher than 85% can alternatively be used. This percent-
age can be a fixed percentage configured in server device
146, or alternatively may be a value that can be configured
(e.g., by a system administrator).

[0032] By way of example, assume that the amount of the
total bandwidth currently available is 80% of the total
bandwidth. Further assume that the percentage implemented
in act 206 is 50%, so accelerated streaming control module
150 would determine that 50% of the currently available
bandwidth is available for fast streaming the media content
to the requester, which is 40% of the total bandwidth. So,
assuming the total bandwidth of the server is 1000 mbps
(megabits per second), then control module 150 would
determine that 400 mbps is available for fast streaming the
media content to the requester.

[0033] The percentage used in act 206 may be the same for
all requests, or alternatively may vary based on different
factors. Different percentages may be used over time, such
as depending on the time of day (or week, or month, etc.) or
depending on how many other media content streams are
currently being streamed. Different percentages may be
based on different requesters (e.g., different percentages may
be used for different client devices, or the percentage used
for a request received from a client device may be different
than the percentage used for a request received from another
device (or the server device)). Different percentages may
also be used for different users of the client devices request-
ing the streaming media content (e.g., based on user IDs,
user names, user titles or job positions, etc.). Different
percentages may also be used based on an amount paid for
the content (e.g., a higher percentage may be used for
fee-based content than is used for free content). Different
percentages may also be used for different content (e.g., the
system administrator of server device 146 may determine to
use a higher percentage for some content than is used for
other content).

[0034] The rate determined in act 206 may also be based
in part on a rate requested by the requester. If the requester
requests a particular rate (e.g., along with the request sub-
mitted in act 202, by having registered with the server device
and set a preference for a particular rate, or in other
manners), then that rate can be used in determining the
amount of bandwidth to be used for accelerated streaming of
the media content to the requester. In one implementation,
the determined amount of bandwidth to be used for accel-
erated streaming of the media content to the requester is
capped by the particular rate requested by the requester.
Thus, the rate requested by the requester can serve to reduce
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the rate determined by control module 150, but not increase
the rate that would otherwise be determined by control
module 150 in act 206.

[0035] The rate determined in act 206 may also be based
on a maximum rate configured in the server device. The
server device may be configured to fast stream media
content to a requester at no more than this maximum rate.
Thus, in this implementation, even if additional bandwidth
is available control module will determine in act 206 that the
rate is no greater than this maximum rate.

[0036] The amount of the available bandwidth available
for accelerated streaming of the media content determined in
act 206 is allowed to be used to stream the media content to
the requester at an accelerated rate (act 208). This amount of
available bandwidth operates as an upper threshold or limit,
and control module 150 of FIG. 2 forwards an indication of
this upper threshold amount to streaming module 144.
Streaming module 144 will allow the requested content to be
fast streamed to client device 102 at a rate up to this upper
threshold amount, but prohibits fast streaming the content at
a rate that exceeds this upper threshold amount.

[0037] Hardware limitations may also affect the rate at
which accelerated streaming can be performed. For
example, the network connection at client device 102 may
be 256 kbps or 10 mbps, so the accelerated streaming rate
would not be able to exceed 256 kbps or 10 mbps, respec-
tively. Similarly, network congestion or other restrictions
between server device 146 and client device 102 may
prevent data from being streamed at greater than some rate,
so the accelerated streaming rate would not be able to exceed
that rate.

[0038] Thus, it can be seen that the accelerated streaming
is adaptable—the rate of accelerated streaming (and the
amount of bandwidth available for accelerated streaming of
particular media content) is adaptable and can vary based on
the current conditions of the server device streaming the data
and/or the current conditions of the network coupling the
server and client devices. The amount of bandwidth that is
made available for accelerated streaming of particular media
content to a particular client device can thus vary over time,
depending on the server load and/or network load when the
request for the content is made. Thus, amount of bandwidth
made available for different client devices can vary, and the
amount of bandwidth made available for the same content
requested by the same client device at different times can
also vary.

[0039] It should be noted that the actual bandwidth used
during operation can be established in different manners and
is dependent on the protocol employed in streaming the
media content to the client device (and is also subject to the
upper threshold determined by control module 150 as dis-
cussed above). For example, the client and server devices
may negotiate a transfer rate that is the rate at which the
server device streams the content. By way of another
example, the server device may send a particular amount of
data and wait for an acknowledgement from the client
device that it has received that amount before sending
additional data. In this example, the server device will not
know exactly what the transfer rate is until it begins fast
streaming the media content to the client device.

[0040] The streaming rate is then reduced when it is time
to stop the accelerated streaming (act 210). Thus, an initial
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portion of the content is fast streamed to the client device so
that the buffer at the client device can be filled to the desired
level, after which the streaming rate is reduced to a steady
state rate.

[0041] The determination of when to reduce the streaming
rate can be made in a variety of manners. In one implemen-
tation, the client device sends an indication to the server
device of how much data it wants to be fast streamed to it
by the server (e.g., the amount of data it wants to fill its
buffer to the desired level). This could be included as part of
the request in act 202, or alternatively be sent at some other
time. The indication could be a temporal duration (e.g., five
seconds worth of data), or a data amount (e.g., 500 kb of
data).

[0042] Alternatively, the client device may send an indi-
cation to stop fast streaming the media content when the
buffer of the client device is filled to the desired level. Thus,
in this implementation, the server device continues to fast
stream the media content to the client device until the client
device requests that it stop. In another alternative, the server
may be pre-configured (e.g., by a system administrator) with
an indication of how long to fast stream the media content.
In yet another alternative, the duration of the fast streaming
may be defined as part of the streaming protocol followed by
the client and server devices. Thus, in this alternative
implementation, the amount of media content to fast stream
(whether it be defined in terms of a temporal duration (e.g.,
five seconds) or an amount of data (e.g., 500 kb)) is known
to both client and server devices without using any addi-
tional communication of when to stop the fast streaming.

[0043] Process 200 is performed when the requester first
requests content to be streamed to the client device. Process
200 may also be performed at other times. For example, a
break in the connection between the client and server
devices, or other network problems between the client and
server devices, may cause client device to play back all of
the data in buffer 152. In response to this situation, the client
device will again re-fill buffer 152 to the desired level using
the adaptable accelerated streaming.

[0044] In one implementation, the amount of bandwidth
available to be used for accelerated streaming of the media
content to the client device is determined at the time that the
request for the streaming media content is received. It should
be noted that there may be some delays involved in making
the determination (e.g., the determination may be made a
few or several seconds after the request is received at the
server device). This amount is then used as a basis for
accelerated streaming until it is time to stop the accelerated
streaming in act 210.

[0045] Alternatively, the server device may re-evaluate, at
regular or irregular intervals (e.g., every second or every 100
ms, or whenever fast streaming of another stream stops)
what the amount of bandwidth available to be used for
accelerated streaming of the media content to the client
device is. Thus, steps 204-208 could be repeated multiple
times while fast streaming a media content stream to the
client device. Server device could perform this re-evaluation
for all media streams being fast streamed, or alternatively
only selected media streams (e.g., only those streams that are
being fast streamed at a rate this is equal to or within a
threshold amount of the amount of bandwidth previously
determined as being available for accelerated streaming of
those streams).
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[0046] In some embodiments, the adaptable accelerated
streaming may be used only at certain times, depending on
the load of the server device. In one implementation, the
adaptable accelerated streaming is used only after the
amount of server bandwidth currently being used exceeds a
threshold amount. If the amount of server bandwidth cur-
rently being used does not exceed the threshold amount, then
the rate of fast streaming can be determined in different
manners (e.g., up to some pre-configured amount estab-
lished in the server device). The value of this threshold
amount can vary, and in one exemplary implementation is
between 20% and 40% although other values may be used.

[0047] In another implementation, the adaptable acceler-
ated streaming is used only when the amount of server
bandwidth currently being used does not exceed a threshold
amount. If the amount of server bandwidth currently being
used exceeds the threshold amount, then another mechanism
is used to determine the rate of fast streaming, or alterna-
tively no fast streaming may be used. The value of this
threshold amount can vary, and in one exemplary imple-
mentation is between 80% and 95% although other values
may be used.

[0048] In yet another implementation, content is streamed
to a client device at at least a minimum accelerated rate (e.g.,
50% or 100% faster than the steady state rate) until a
problem with the streaming is detected (e.g., until more than
a threshold number of data packets streamed to the client
device are lost, or data packets are being lost at greater than
a threshold rate). Once a problem with the streaming is
detected, the accelerated streaming may be stopped (e.g.,
and streaming reduced to the steady state rate) or the
accelerated rate may be reduced. In this implementation, this
streaming at the minimum accelerated rate is performed
(until a problem with the streaming is detected) even though
it may violate certain thresholds or maximums discussed
above.

[0049] FIG. 4 illustrates an exemplary general computer
environment 300, which can be used to implement the
techniques described herein. The computer environment 300
is only one example of a computing environment in which
the adaptable accelerated content streaming can be used and
is not intended to suggest any limitation as to the scope of
use or functionality of the computer and network architec-
tures. Neither should the computer environment 300 be
interpreted as having any dependency or requirement relat-
ing to any one or combination of components illustrated in
the exemplary computer environment 300.

[0050] Computer environment 300 includes a general-
purpose computing device in the form of a computer 302.
Computer 302 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 302 can include, but are not limited
to, one or more processors or processing units 304 (which
may include a security processor or security co-processor),
a system memory 306, and a system bus 308 that couples
various system components including the processor 304 to
the system memory 306.

[0051] The system bus 308 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
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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.

[0052] Computer 302 typically includes a variety of com-
puter readable media. Such media can be any available
media that is accessible by computer 302 and includes both
volatile and non-volatile media, removable and non-remov-
able media.

[0053] The system memory 306 includes computer read-
able media in the form of volatile memory, such as random
access memory (RAM) 310, and/or non-volatile memory,
such as read only memory (ROM) 312. A basic input/output
system (BIOS) 314, containing the basic routines that help
to transfer information between elements within computer
302, such as during start-up, is stored in ROM 312. RAM
310 typically contains data and/or program modules that are
immediately accessible to and/or presently operated on by
the processing unit 304.

[0054] Computer 302 may also include other removable/
non-removable, volatile/non-volatile computer storage
media. By way of example, FIG. 4 illustrates a hard disk
drive 316 for reading from and writing to a non-removable,
non-volatile magnetic media (not shown), a magnetic disk
drive 318 for reading from and writing to a removable,
non-volatile magnetic disk 320 (e.g., a “floppy disk”), and
an optical disk drive 322 for reading from and/or writing to
a removable, non-volatile optical disk 324 such as a CD-
ROM, DVD-ROM, or other optical media. The hard disk
drive 316, magnetic disk drive 318, and optical disk drive
322 are each connected to the system bus 308 by one or more
data media interfaces 326. Alternatively, the hard disk drive
316, magnetic disk drive 318, and optical disk drive 322 can
be connected to the system bus 308 by one or more inter-
faces (not shown).

[0055] 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 302. Although the example illus-
trates a hard disk 316, a removable magnetic disk 320, and
a removable optical disk 324, 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
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.

[0056] Any number of program modules can be stored on
the hard disk 316, magnetic disk 320, optical disk 324, ROM
312, and/or RAM 310, including by way of example, an
operating system 326, one or more application programs
328, other program modules 330, and program data 332.
Each of such operating system 326, one or more application
programs 328, other program modules 330, and program
data 332 (or some combination thereof) may implement all
or part of the resident components that support the distrib-
uted file system.

[0057] A user can enter commands and information into
computer 302 via input devices such as a keyboard 334 and
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a pointing device 336 (e.g., a “mouse”). Other input devices
338 (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 304 via input/output interfaces 340 that are
coupled to the system bus 308, but may be connected by
other interface and bus structures, such as a parallel port,
game port, or a universal serial bus (USB).

[0058] A monitor 342 or other type of display device can
also be connected to the system bus 308 via an interface,
such as a video adapter 344. In addition to the monitor 342,
other output peripheral devices can include components
such as speakers (not shown) and a printer 346 which can be
connected to computer 302 via the input/output interfaces
340.

[0059] Computer 302 can operate in a networked envi-
ronment using logical connections to one or more remote
computers, such as a remote computing device 348. By way
of example, the remote computing device 348 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 348 is
illustrated as a portable computer that can include many or
all of the elements and features described herein relative to
computer 302.

[0060] TLogical connections between computer 302 and the
remote computer 348 are depicted as a local area network
(LAN) 350 and a general wide area network (WAN) 352.
Such networking environments are commonplace in offices,
enterprise-wide computer networks, intranets, and the Inter-
net.

[0061] When implemented in a LAN networking environ-
ment, the computer 302 is connected to a local network 350
via a network interface or adapter 354. When implemented
in a WAN networking environment, the computer 302
typically includes a modem 356 or other means for estab-
lishing communications over the wide network 352. The
modem 356, which can be internal or external to computer
302, can be connected to the system bus 308 via the
input/output interfaces 340 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 302
and 348 can be employed.

[0062] In a networked environment, such as that illus-
trated with computing environment 300, program modules
depicted relative to the computer 302, or portions thereof,
may be stored in a remote memory storage device. By way
of example, remote application programs 358 reside on a
memory device of remote computer 348. 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 302,
and are executed by the data processor(s) of the computer.

[0063] 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
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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.

[0064] 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.”

[0065] “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.

[0066] “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.

[0067] Adaptable accelerated content streaming has thus
been described. Whether to accelerate content streaming
and/or how much content streaming can be accelerated is
adaptable as discussed above.

[0068] 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, implemented in a server, the method com-
prising:

allowing data to be streamed to a client over a network at
up to an adaptable accelerated rate for an amount of
time before reducing the rate at which the data is
streamed to the client.

2. A method as recited in claim 1, wherein the adaptable
accelerated rate is based at least in part on an amount of
bandwidth currently available on the server.

3. A method as recited in claim 1, further comprising:

prohibiting the adaptable accelerated rate from exceeding
a threshold amount, the threshold amount being based
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at least in part on both a total bandwidth of the server
and an amount of bandwidth currently being used by
the server.

4. A method as recited in claim 1, further comprising:

continuing the adaptable accelerated streaming of the
media content until a buffer at the client is filled to a
desired level.

5. A method as recited in claim 1, further comprising:

stopping streaming of the data at the accelerated rate if a
problem with the streaming is detected.
6. A method, implemented in a server, the method com-
prising:

allowing data to be streamed to a client over a network at
an accelerated rate for an amount of time before reduc-
ing the rate at which the data is streamed to the client;
and

prohibiting the accelerated rate from exceeding a thresh-
old amount, the threshold amount being based at least
in part on both a total bandwidth of the server and an
amount of bandwidth currently being used by the
server.

7. A method as recited in claim 6, wherein the accelerated
rate is greater than a steady state streaming rate requested by
the remote client.

8. A method as recited in claim 6, wherein the threshold
comprises a percentage of an amount of bandwidth that is
not currently being used by the server when a request for the
data is received from the remote client.

9. A method as recited in claim 8, wherein the percentage
comprises fifty percent.

10. A method as recited in claim 6, wherein the amount of
time is sufficient for a buffer at the client to be filled to a
desired level.

11. A method as recited in claim 6, wherein the amount of
time is sufficient for an initial portion of the media content
to be stored in a buffer at the client.

12. A method as recited in claim 6, further comprising
receiving, from the client, an indication of the amount of
time.

13. A method as recited in claim 6, wherein the threshold
amount is further based at least in part on a rate at which the
client can receive the data.

14. A method as recited in claim 6, further comprising:

allowing the data to be streamed to the client at the
accelerated rate only if the amount of bandwidth avail-
able for accelerated streaming exceeds a threshold
amount, wherein the amount of bandwidth available for
accelerated streaming comprises the difference
between the total bandwidth capacity of the server and
the amount of bandwidth currently being used by the
server.

15. A method as recited in claim 6, wherein the server
comprises an origin server.

16. A method as recited in claim 6, wherein the server
COMPIises a Proxy server.

17. A method as recited in claim 6, wherein the amount of
bandwidth currently being used by the server comprises a
bandwidth load of the computer when the request is received
at the computer.

Jul. 1, 2004

18. A method as recited in claim 6, further comprising:

re-determining, while streaming the data to the client at
the accelerated rate, the threshold amount; and

prohibiting the accelerated rate from exceeding the re-
determined threshold amount.
19. A method, implemented in a server, the method
comprising:

receiving a request for media content to be streamed to a
client device;

identifying an available bandwidth of the server;

determining, as a percentage of the available bandwidth
of the server, an amount of bandwidth available for
accelerated streaming of the media content to the client
device; and

accelerating, up to a particular rate, streaming of the
media content to the client device, wherein the particu-
lar rate is based at least in part on the amount of
bandwidth available for accelerated streaming.

20. A method as recited in claim 19, wherein the accel-
erating comprises accelerating streaming of only a portion of
the media content to the client device.

21. Amethod as recited in claim 19, wherein the particular
rate is further based at least in part on a rate at which the
client device can receive the media content.

22. A method as recited in claim 19, further comprising:

re-determining, while accelerating streaming of the media
content to the client device, the amount of bandwidth
available for accelerated streaming of the media con-
tent to the client device; and

wherein the particular rate is based at least in part on the
redetermined amount of bandwidth available for accel-
erated streaming of the media content to the client
device.

23. Amethod as recited in claim 19, wherein the particular
rate comprises a percentage of the amount of bandwidth
available for accelerated streaming.

24. A method as recited in claim 19, further comprising:

accelerating streaming of the media content to the client
device only if the amount of bandwidth available for
accelerated streaming exceeds a threshold amount.

25. Amethod as recited in claim 19, wherein receiving the
request comprises receiving the request from the client
device.

26. A method as recited in claim 19, wherein the stream-
ing of the media content to the client device is accelerated
only for an amount of time that is sufficient for a buffer at
the client to be filled to a desired level.

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

determine an amount of bandwidth available for acceler-
ated streaming of media content to a client device,
wherein the amount of bandwidth is a portion of an
amount of bandwidth currently available on the server.
28. One or more computer readable media as recited in
claim 27, wherein the server comprises an origin server.
29. One or more computer readable media as recited in
claim 27, wherein the server comprises a proxy server.
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30. One or more computer readable media as recited in
claim 27, wherein the instructions further cause the one or
more processors to stream, using accelerated streaming, a
portion of the media content that is sufficient for a buffer at
the client device to be filled to a desired level.

31. One or more computer readable media as recited in
claim 27, wherein the instructions further cause the one or
more processors to stream, using accelerated streaming, an
initial portion of the media content to the client device to be
stored in a buffer at the client device.

32. One or more computer readable media as recited in
claim 27, wherein the amount of the bandwidth is in a range
of 20% to 85% of the amount of bandwidth currently
available on the server.

33. One or more computer readable media as recited in
claim 27, wherein the instructions further cause the one or
more processors to determine the amount of bandwidth in
response to a request, received from the client device, for the
media content to be streamed to the client device.

34. A system comprising:

a streaming module configured to manage streaming of
media content over a network to a client device;

an accelerated streaming control module configured to
determine an amount of bandwidth available for
streaming the media content to the remote client device
at an accelerated rate based at least in part on a current
bandwidth load of the system; and

wherein the streaming module is further configured to
allow a portion of the media content to be streamed
over the network at a rate up to the accelerated rate.

35. A system as recited in claim 34, wherein the system
comprises an origin server.

36. A system as recited in claim 34, wherein the system
COMPIises a Proxy server.

37. A system as recited in claim 34, wherein the amount
of bandwidth available for streaming the media content to
the remote client device at the accelerated rate comprises a
percentage of the difference between a total bandwidth of the
system and the current bandwidth load of the system.
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38. A system as recited in claim 34, wherein portion fills
a buffer at the client to a desired level.

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

receive, from a client device, a request for media content
to be streamed to the client device at a particular rate;

determine an initial rate at which the media content can be
streamed to the client device, wherein the initial rate is
greater than the particular rate, and wherein the initial
rate is a percentage of a current available bandwidth of
the computer; and

stream a portion of the media content to the client device

at the initial rate.

40. One or more computer readable media as recited in
claim 39, wherein the current bandwidth load of the com-
puter is the bandwidth load of the computer when the request
is received at the computer.

41. One or more computer readable media as recited in
claim 39, wherein the portion of the media content that is
streamed at the initial rate is an amount of the media content
that fills a buffer of the client device to a level desired by the
client device.

42. One or more computer readable media as recited in
claim 39, wherein the current available bandwidth com-
prises the difference between a total bandwidth capacity of
the computer and a current bandwidth load of the computer.

43. One or more computer readable media as recited in
claim 39, wherein the instructions further cause the one or
more processors to: stream the portion of the media content
to the client device at the initial rate only if the current
available bandwidth of the computer exceeds a threshold
amount.

44. One or more computer readable media as recited in
claim 39, wherein the computer comprises an origin server.

45. One or more computer readable media as recited in
claim 39, wherein the computer comprises a proxy server.

#* #* #* #* #*
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