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DATA RETRIEVAL BASED ON BANDWIDTH COST AND DELAY

TECHNICAL FIELD
[0001] The invention relates to computer networks and particularly to downloading

media data on computer networks.

BACKGROUND

[0002] Media content providers provide media content stored on a server to users via
one or more computer networks. Generally, individual clients (e.g., subscribers or
users) receive media content on client devices (i.¢., the device used to display the
media content to the user) from media content providers through network links to the
source server and display the media content via a media player executing on the client
device. The displaying of media content is referred to as playback.

[0003] The source server stores copies of the media content as a media file. To
transmit the media file, the source server transmits the media file on the network
according to the encoded bit rate of the media file. In other words, when source server
transmits the media file to client devices, the source server consumes the necessary
bandwidth on the network based on the encoded bit rate of the media file to transmit
the media file to client devices.

[0004] The client devices connect with the network at an established maximum
throughput rate. The maximum throughput rate refers the maximum bit rate at which
the client devices download the media file from the network. The established
maximum throughput rate is based to either underlying technology of the link between
the client devices and the network or contracted service levels for the clients. Actual
throughput is the throughput rate at which the network conveys the data from the
content provider, e.g., source server, to the individual client. The actual throughput to
the client may only be a fraction of the maximum throughput based on environmental

conditions and competing network traffic.
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[0005] Since the actual throughput may vary based on environmental conditions and
competing network traffic, the rate at which a client’s media player must consume
(i.e., receive and play) media over a network connection (be it a constant rate or an
average rate) to achieve uninterrupted playback may exceed the actual throughput rate
of the link between the client device and the network. In other words, the bandwidth
required to transmit the media file may exceed the actual throughput rate to the client
device from the network. In these situations, the media player must pause to wait for
more data from the media content provider to arrive before it can continue to playback
the media content. This pause, often referred to as buffering or re-buffering can
greatly diminish the enjoyment of media viewing. In other situations, the client device
may have insufficient computing resources to decode and present the media content in
“real-time.” In these situations, portions of the media content may be discarded,
undecoded, or unplayed so that the media player may maintain proper playback of the
received media content. The playback may also slow down to present all the data of
the media content, but at a reduced rate. Either the dropping of data or the slowing of
playback can reduce enjoyment, and if excessive, render the media content
unwatchable.

[0006] To avoid buffering, dropping of data, or slowing of playback, media content
providers may provide the clients with either the option of selecting an alternate media
file encoded to consume less bandwidth or a default media file based on their
particular network connection. The alternate media file contains similar content as the
media file but is encoded to consume less bandwidth (e.g., encoded for a lower bit
rate). However, during playback if the bandwidth necessary to transmit the selected
media file exceeds the network throughput or the computing resources of the client
device displaying the media content, the client has to explicitly begin playback of the
media content encoded at a lower bandwidth which can cause startup delay associated
with buffering and can require the user to start from the beginning of the media
content. Needing to restart from the beginning every time the bandwidth necessary to
transmit the selected media file exceeds the actual throughput or the computing

resources of the device can drastically reduce the enjoyment of the media content.
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[0007] In another technique to avoid buffering, dropping of data, or slowing of
playback, the media player transmits playback status to the media content provider.
The playback status can be the buffering time, the number of frames dropped, or the
rate of playback. The media content provider dynamically varies the bit rate, e.g.,
dynamically varies the amount of needed bandwidth, of the media content to avoid
buffering, dropping data, or slowing playback. However this technique has the
negative consequence of requiring a separate content stream tailored for each
recipient.

SUMMARY

[0008] In accordance with this disclosure, a media content provider provides media
content stored on a plurality of source servers to clients via one or more computer
networks. As described in more detail below, computing devices used by the clients,
e.g., client devices, determine how much of the media content should be downloaded
from which source servers and at what time based on the encoded bit rate, e.g.,
bandwidth, of the media content.

[0009] The plurality of source servers store copies of a media file that contains media
content. The media file may be encoded with a variable bit rate (VBR). In VBR
encoding techniques, different portions of the media file are encoded for different
bandwidths, e.g., bit rates. The bandwidth of the media file refers to the amount of
data that needs to be transmitted per unit of time, e.g., bits per second of the media
file, so that a client computing device can properly render the media file without
interruption. The media file may be encoded with the goal for a certain average
bandwidth. However, portions within the media file may be encoded for higher or
lower bandwidths relative to the average bandwidth of the media file.

[0010] The media content may be encoded using standard encoding techniques like
MPEG-2 as one example. MPEG-2 encoding packetizes the media content into a
plurality of frames. The frames may be intra (I) frames, predictive (P) frames, or bi-
directional (B) frames. I frames are frames that are encoded without reference to any
other frames and may provide an entirely encoded picture. P frames and B frames are

encoded based on at least one other frame and generally contain image data and
3
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motion vector displacements that are relative to a previous frame in the stream.
Generally, to reduce artifacts and distortion in the encoded media content, the ratio of
I frames to P or B frames is low. However, a low I frames to P or B frames ratio
increases the required bandwidth to transmit the media content, i.¢., increases the
number of bits that need to be transmitted for a given interval. On the other hand, a
high ratio reduces the required bandwidth to transmit the media content. However, for
a high ratio the artifacts and distortion in the encoded media content may be
noticeable.

[0011] In some examples, the media content contained within the media file may be
fully generated and stored on the plurality of source servers. Such media content may
be referred to as non time-critical content. Examples of non time-critical content
include movies, non-live television shows, web episodes, online media content found
on websites like YouTube, and the like. The non-time critical content may be encoded
for different bandwidths, e.g., bit rate, at different portions within the media file.
[0012] In some examples, the media content may not be fully generated. For
example, all the media content may not be fully generated for a live performance that
has not finished. During a live performance, the media content for the live
performance is being generated simultancously as the live performance is occurring.
Such media content may be referred to as time-critical content. Examples of time-
critical content include live concerts, sporting events, live news feeds, and the like.
The time-critical content may be encoded for different bandwidths, e.g., bit rates, at
different portions.

[0013] As noted above, the source servers store copies of the VBR encoded media
content. The source servers may be located in different geographical locations
throughout the world. The media content provider may contract a fee with different
network providers such as Internet service providers (ISPs) to allow the media content
provider to transmit the media file via the network, ¢.g., Internet, to the clients. The
source servers may transmit data via geographically disparate networks. For example,
the media content provider may contract a fee with a first ISP to allow a first source

server located in Tokyo, Japan to transmit data via the Internet. The media content
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provider may contract a fee with a second ISP to allow second and third source servers
located in Minneapolis, Minnesota to transmit data via the Internet. The media
content provider may contract a fee with a third ISP to allow a fourth source server
located in Los Angles, California to transmit data via the Internet.

[0014] Referring now to the client side, a download software agent executing on the
computing device of a client (i.¢., subscriber or user) device connects to a network,
¢.g., the Internet, to download the media file from the source servers. In accordance
with this disclosure, the download agent downloads portions of the media file from the
plurality of source servers and combines the separate portions for display to the client.
The term “download portions of the media file from the plurality of source servers”
may comprise at least two download techniques. In one technique, the download
agent simultaneously downloads portions of the media file from the plurality of source
servers, ¢.g., downloads the portions of the media file in parallel. In another
technique, the download agent downloads a portion of the media file sequentially.
However, each portion of the media file may be downloaded from different source
servers, ¢.g., performs multisource download.

[0015] The download agent determines how much of the media content should be
downloaded from which source servers and at what time. The download agent
connects to each of the source servers via individual paths. For example, one
connection from the download agent to a first source server may be considered a first
path, one connection from the download agent to a second source server may be
considered a second path, and so on.

[0016] In accordance with this disclosure, the download agent may find it optimal to
weigh the factors of different paths to source servers to determine how the media file
should be retrieved from the source servers, ¢.g., downloaded in parallel or
downloaded sequentially from multiple different source servers. As one example,
described in more detail below, the factor weighed by the download agent may include
the amount the client device is delayed in displaying media content if the media
content is live data or data that should be consumed in a timely fashion, ¢.g., time-

critical content. As another example, described in more detail below, the factor

5



WO 2010/141460 PCT/US2010/036889

Docket No.: 1060-010WO01

weighed by the download agent may include the bandwidth required from a source
server to download the media file. As yet another example, described in more detail
below, the factor weighted by the download agent may include the throughput rate
from the source server.

[0017] In some examples, to display a live event, a client device is delayed, i.e.,
backset, by a certain amount of time. The client device may not be displaying the
actual now point of the live event. Instead, the client device may be displaying data
that occurred some time prior to the now point. As described in more detail below,
the download agent may account for how much the client device is delayed to
determine how much data of the media content should be downloaded from which
source servers and at what time.

[0018] The factors weighed by the download agent include characteristics of the
source servers such as peak download times, geographic location of the servers, client
privilege, client autonomous system number (ASN), and contracted fees that the media
content provider pays to ISPs to allow the media content provider to provide the media
content to client devices. As described in more detail below, the download agent may
account for the various factors to determine how much data of the media content
should be downloaded from which source servers and at what time.

[0019] For example, the download agent may account for the peak download times for
the various servers. As one non-limiting example, the download agent may determine
that it is preferable to download more media content from source servers that are not
experiencing peak download times than source servers experiencing peak download
times. As another example, the download agent may account for the geographic
location of the servers. As one non-limiting example, the download agent may
determine that it is better to download more media content from source servers that are
geographically closer to the client device than other source servers. As yet another
example, certain consumers may be designated as preferred consumers with respect to
certain providers. Therefore download agents executing on client devices for those
consumers may be configured to choose to download more media content from certain

source servers that provide the media content the fastest (e.g., source servers with
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higher throughputs) due to the consumer’s preferred status or contractual service level.
As still another example, the download agent may choose to download more media
content from source servers that are within the same autonomous system rather than
source servers that are in different autonomous systems. As yet another example, the
download agent may choose to download more media content from source servers that
are capable of consuming more bandwidth to transmit the media content to the client
devices without increases in costs to the media content provider compared to source
servers where the cost that the media content provider needs to pay a network provider
will be higher if the source servers consume more bandwidth to transmit the media
content to the client devices.

[0020] The download agent may consider one or more of the example factors
described above. In some instances one of the factors may compete with another one
of the factors, and the download agent automatically weighs both factors to select the
optimum source servers from which to download data. For example, the download
agent may be configured to preferentially elect to download media content from
source servers that are not currently experiencing peak download times and to
preferentially elect to download media content from source servers that are
geographically proximate to the client device. However, two source servers that are
geographically proximate to the client device may experience peak download times at
the same time, while a source server geographically distant from the client device may
experience peak download times at a different time than the two geographically
proximate source servers. In this example, the geographic proximity of the source
servers is in direct competition with the peak download times of the geographically
distant source server. In this example, the download agent may weigh the benefit of
downloading from geographically proximate source servers with the benefit of
downloading from geographically distant source servers that are not experiencing peak
download times.

[0021] To compare the characteristics of the source servers described above, the
download agent weighs factors associated with downloading a given portion of the

media content from each of the source servers based on the total bandwidth required to
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transmit that portion of the media content. As used herein, the phrase “required
bandwidth” or “bandwidth requirement” means the total bandwidth required to
transmit portions of the media content. The download agent repeats this process for
cach portion of the media content. By weighing the factors for downloading the
different portions of the media content from the different source servers based on the
required bandwidth for the specific portions, the download agent is able to select paths
to the source servers.

[0022] In some applications where a media file contains non time-critical content, the
media file may additionally contain metadata from which the bandwidth requirements
can be determined. For example, the media file may contain metadata listing playback
timestamps, i.¢., temporal locations, and corresponding byte ranges or offsets. The
metadata may be embedded at the beginning of the media file. Alternatively, the
metadata may be stored separately on one or more source servers.

[0023] The download agent initially downloads the metadata, in examples where the
metadata is available. The download agent may request for the initial portion of the
media file that contains the metadata or may request to download the metadata from at
least one of the source servers. In examples where the metadata is separately stored
on the source servers, the download agent may download the metadata only from one
source server instead of from a plurality of source servers because the metadata is
generally very small.

[0024] In accordance with this disclosure, based on the metadata, the download agent
calculates actual bandwidth requirements for portions of the media content and
determines how much of the media content should be downloaded from which servers
and at what time. To compute the bandwidth requirements for portions of the media
asset the download agent first determines the starting and ending byte offsets for the
portion of the media asset and the starting and ending portion of timestamps for the
portion of the media asset. The download agent then subtracts the starting byte offset
from the ending byte offset to calculate the total bytes in the portion. The download
agent subtracts the starting timestamp from the ending timestamp to calculate the total

duration of the portion. The download agent multiplies the total byte in the portion by
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eight to calculate the total bits in the portion. Download agent then divides the total
bits in the portion by the total duration in the portion to calculate the required
bandwidth for that portion. For example, based on the metadata, the download agent
may compute the bandwidth requirements to download media content starting from 10
minutes and 30 seconds playback point to the 11 minute playback point of the media
file. To calculate the required bandwidth in this example, the download agent
determines the number of bits that need to be transmitted for that 30 second portion
(11 minutes minus 10 minutes and 30 seconds). Next, the download agent divides the
determined number of bits by 30 seconds to calculate the required bandwidth to
transmit that 30 second portion. For that 30 second portion, the download agent
determines how much of that portion should be downloaded from which servers based
on the configured preferences. Stated another way, the download agent may first
determine the required bandwidth as the amount of actual data that needs to be
downloaded for that portion of media content for the given amount of playback time.
Next, the download agent may weigh the various factors based on the required
bandwidth for that portion of the media content to find the optimum paths, ¢.g., source
servers, to download data.

[0025] In some examples where the media content is time-critical content (i.c., a live
concert), the metadata from which bandwidth requirements for different portions of
the media content can be calculated may not be available as such media content may
not have been generated. As described above, for time-critical content, e.g., live data,
the client device is delayed a certain amount such that the client is viewing live data
that occurred prior to the now point of the live data. While metadata that specifies
byte ranges or offsets at playback temporal location may not be available, the required
bandwidth for a recently encoded portion of the media content can be predicted from a
recently generated I frame, P frame, or B frame. In accordance with this disclosure,
the download agent may download the metadata for a portion of the media content that
has not been downloaded, e.g., metadata for a recently generated I frame, P frame, or
B frame. For example, the client may be viewing media content of the live event that

occurred 10 seconds prior to the now point of the live event. As data for the now point
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of the live event becomes encoded, the download agent may download only the
metadata for the recently encoded media content. The download agent does not
download the actual media content just yet. Similar to non time-critical content, the
download agent may first determine the required bandwidth for the just encoded
media content based on the recently generated I frames, P frames, or B frames. Next,
based on the required bandwidth for the just encoded media content, the download
agent may weigh the various factors to select the optimum download paths.

[0026] For time-critical content, certain tradeoffs may be necessary. The longer the
client device is delayed (i.e., shifted back in time) from the now point of the live
event, the more time the download agent can utilize to select the optimum download
paths. For example, if the client device is delayed 2 minutes, the download agent may
have up to 2 minutes to find the optimum download paths. However, a client device
that is delayed a long time may not be desirable. For example, for a live event such a
sporting event, the consumer may be predominantly concerned with the score. If the
client device is delayed a long time, the consumer may prefer to access a different
website where the consumer can find the instantaneous score more casily.

[0027] As described above, the metadata may not be available for time-critical
content, and may be available for non time-critical content. However, in some
examples where the media content is non time-critical content, the metadata may not
be available. For example, the metadata may not be separately downloadable and the
metadata may not be added to the beginning of the media file. Rather the metadata
may only be available as headers to individual frames. In such example, the download
agent may download metadata from upcoming I frames, P frames, and B frames that
describe the timestamps and byte ranges for those frames. Based on the timestamps
and byte offsets, the download agent calculates the required bandwidth to download
those frames. Based on the metadata, the download agent may determine optimum
download paths.

[0028] Alternatively, in some examples, the download agent may not download the
metadata. Instead, the download agent may extract the metadata from downloaded

frames. Based on the metadata from downloaded frames, the download agent may
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estimate the bandwidth of future data. For example, instead of downloading metadata
from upcoming frames, the download agent may track the required bandwidth for
previously received frames based on the headers of the previously downloaded frames.
Based on the required bandwidth for the previously received frames, the download
agent may estimate the required bandwidth for future frames. For example, if the
required bandwidth for the last 20 frames increased from one frame to the other, the
download agent may calculate the standard deviation of the bandwidth for the last 20
frames. The download agent may then add the standard deviation to the bandwidth of
the 20™ frame to estimate the required bandwidth for upcoming frames. Similarly, if
the bandwidth for the frames is decreasing, the download agent may calculate the
standard deviation and subtract the standard deviation from the 20" frame to estimate
the required bandwidth for upcoming frames. In these examples, based on the
estimated bandwidth, the download agent may determine optimum download paths.
[0029] Generally, the distinction between non time-critical content and time-critical
content may be that non time-critical content includes a fixed last byte while time-
critical content includes a moving last byte. However, in either non time-critical
content or time-critical content, the download agent considers small portions of the
media asset and determines how those portions should be downloaded. For example,
as described above, in some examples, non time-critical content includes metadata that
is already generated for the entire media file and can be separately downloaded. For
time-critical content the metadata may not be generated for the entire media file, but
metadata for just encoded frames may be available. In either example, download
agent uses metadata for the portions (either pre-generated and stored or just generated
and stored) to determine how much of the media file should be downloaded from
which source servers and at what time.

[0030] In one aspect, the disclosure is directed to a method comprising determining,
with a client computing device, a status and characteristics of a plurality of source
servers, and computing, with the client computing device, a bandwidth required to
download a first portion of a media asset stored on the plurality of source servers,

wherein the first portion corresponds to data for a specific playback time period of the
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media asset. The method also comprises determining, with the client computing
device, how much of the first portion of the media asset to download from a plurality
of selected ones of the source servers based on the status and characteristics of the
plurality of source servers and the computed bandwidth for transmitting the first
portion of the media asset, transmitting, from the client computing device, a plurality
of requests for the first portion of the media asset to the plurality selected source
servers, wherein each of the requests specifies how much of the first portion to
download from each of the selected ones of the source servers. The method also
comprises receiving the first portion of the media asset from the selected ones of the
plurality of source servers, and displaying the first portion of the media asset with the
client device via a media player.

[0031] In one aspect, the disclosure is directed to a device comprising a source
manager that determines a status and characteristics of a plurality of source servers, a
temporal metadata module that computes a bandwidth required to download a first
portion of a media asset stored on the plurality of source servers, wherein the first
portion corresponds to data for a specific playback time period of the media asset, and
a stream agent that determines how much of the first portion of the media asset to
download from a plurality of selected ones of the source servers based on the status
and characteristics of the plurality of source servers and the computed bandwidth for
transmitting the first portion of the media asset.

[0032] In one aspect, the disclosure is directed to a computer readable storage
medium. The computer readable storage medium comprises instructions that cause
one or more processors to determine a status and characteristics of a plurality of
source servers, compute a bandwidth required to download a first portion of a media
asset stored on the plurality of source servers, wherein the first portion corresponds to
data for a specific playback time period of the media asset, and determine how much
of the first portion of the media asset to download from a plurality of selected ones of
the source servers based on the status and characteristics of the plurality of source
servers and the computed bandwidth for transmitting the first portion of the media

asset.
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[0033] In one aspect, the disclosure is directed to an apparatus comprising means for
determining a status and characteristics of a plurality of source servers, means for
computing a bandwidth required to download a first portion of a media asset stored on
the plurality of source servers, wherein the first portion corresponds to data for a
specific playback time period of the media asset, and means for determining how
much of the first portion of the media asset to download from a plurality of selected
ones of the source servers based on the status and characteristics of the plurality of
source servers and the computed bandwidth for transmitting the first portion of the
media asset.

[0034] The details of one or more examples of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the disclosure will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0035] FIG. 1 is a schematic diagram illustrating an exemplary system for transmitting
media content.

[0036] FIG. 2 is a graph illustrating an example bandwidth requirement of an
exemplary non time-critical content media asset.

[0037] FIG. 3 is a state diagram illustrating the various states maintained by a client
device for a source server within data stored within the nodes of the flow tree.

[0038] FIG. 4 is a block diagram illustrating various exemplary components of a client
device.

[0039] FIG. 5 is a block diagram illustrating an exemplary download agent connected
to source servers.

[0040] FIG. 6 is a flow diagram illustrating an example operation of the download
agent.

[0041] FIG. 7 is a flow diagram illustrating an example operation of stream agent.
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DETAILED DESCRIPTION

[0042] In accordance with this disclosure, a plurality of source servers store media
content in a respective media asset (e.g. a media file). The media file may be divided
into a plurality of media assets, where each media asset contains a portion of the entire
media file. Each media asset may be individually accessible and storeable. Each
discrete media asset represents individual subsections of the media that are explicitly
addressable by client devices. Each of the discrete media assets represents packetized
data for a different portion of the media file. Each media asset may be considered as
logical constructs of the media file. In some examples, the media file may be stored
on a disk by the source servers. The source servers may generate the logical
constructs, ¢.g., media assets, from the media file stored on the disk. Alternatively, the
media assets may be stored on the disk by the source servers and the plurality of media
assets comprises the media file.

[0043] The servers may be operated by a media content provider (MCP). The media
asset may be encoded as variable bit rate (VBR) digital video. A VBR video is
encoded for different bandwidths at different portions within the VBR video. The
bandwidth of the media file refers to the amount of data per unit of time of the media
file, e.g., bits per second of the media file, that needs to transmitted for a computing
device to properly render the media file. For example, the content of a VBR video
may be encoded in such a manner that requires higher bandwidth during dynamic
video, e.g. rapid visual change, and lower bandwidth during less dynamic video, ¢.g.
minimal visual change.

[0044] The required bandwidth of a VBR video may be represented in at least two
ways. In a first way, the required bandwidth of the VBR video is represented as an
overall average bandwidth. The overall average bandwidth is calculated by dividing
the total number of bits in the VBR video by the total duration of the VBR video.
However, the overall average bandwidth fails to account for instances within the VBR
video where the required bandwidth is higher or lower than the overall average
bandwidth. For example, the overall average bandwidth fails to account for the

bandwidth required to transmit information for rapid visual changes and the bandwidth
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required to transmit information for minimal visual changes. The bandwidth required
to transmit information for rapid visual changes may be greater than the bandwidth
required to transmit information for minimal visual changes.

[0045] In a second way, the required bandwidth of the VBR video is represented as a
portion average bandwidth. The portion average bandwidth is the required average
bandwidth over a portion of the media asset. The media asset may be divided down
into portions. For example, a three hour VBR video may be divided down into three
hundred and sixty thirty second portions. Thirty second portions is just one example.
The VBR video may be divided down by more or less than thirty seconds. The VBR
video may be divided to portions of approximately 300 milliseconds (ms) to 500 ms.
Furthermore, the portion need not be limited to temporal portions, e.g. thirty seconds.
In some examples, the portion may be defined as a number of frames within the media
assct.

[0046] In the context of video, each media asset of a VBR video contains a plurality
of frames in accordance with a video compression scheme. One such frame is referred
to as a key frame or intra picture that can be decoded without reference to other frames
and may, for example, provide an entire encoded picture.

[0047] The portion average bandwidth may be calculated by dividing the number of
bits in a portion of the VBR video by the playback duration of the VBR video during
that portion. For example, assume the overall average bandwidth for a VBR video is
1.2 megabits per second (Mbps). In the VBR video, rapid visual changes may start at
ninety minutes and zero seconds playback time into the VBR video and conclude at
ninety minutes and thirty seconds into the VBR video. During the portion of rapid
visual changes, i.e. ninety minutes zero seconds to ninety minutes thirty seconds, the
portion average bandwidth may be 3 Mbps. In this example, the portion may be
defined as thirty seconds, i.e. ninety minutes and thirty seconds minus ninety minutes.
A portion of thirty seconds is just one example. The portion may be greater or less
than thirty seconds. For example, the portion may approximately in the range of 300
ms to 500 ms. As another example, the portion may be an instance of the media

content, ¢.g., the bandwidth at ninety minutes. Furthermore, the portion need not be
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uniform across the VBR video. The portion may vary over the VBR video. The
portion average bandwidth may also be different for each portion within the VBR
video.

[0048] Accordingly, the overall average bandwidth does not account for bandwidth
changes that may occur during the VBR video. The required bandwidth for
transmission may be different at different portions of the VBR video, such as during
rapid visual changes compared to minimal visual changes. The portion average
bandwidth may provide a better measure for the required bandwidth of the VBR video
compared to the overall average bandwidth.

[0049] There may be at least two types of media assets: non time-critical content and
time-critical content. For non time-critical content, the entire content is generated and
stored on the servers. Examples of non time-critical content include movies, non-live
television shows, web episodes, online media content found on websites like
YouTube, and the like. The non time-critical content may be encoded for different
bandwidths, e.g., bit rate, at different portions within the media file. For time-critical
content, the entire content may be not generated and stored on the servers. Rather, the
time-critical content may be generated as the event is occurring. For example, all the
media content may not be fully generated for a live performance that has not finished.
During a live performance, the media content for the live performance is being
generated simultaneously as the live performance is occurring. Such media content
may be referred to as time-critical content. Examples of time-critical content include
live concerts, sporting events, live news feeds, and the like. The time-critical content
may be encoded for different bandwidths, e.g., bit rates, at different portions.

[0050] In some examples, in addition to the media assets, one or more of the source
servers may also store metadata. The metadata comprises a listing of playback
timestamps, i.¢., temporal locations, and corresponding byte ranges or offsets. For
example, the metadata may indicate the number of bytes that need to be transmitted
every 500 ms, e.g., the number of bytes that need to be transmitted from1 ms to 500
ms, 501 ms to 1000 ms and so on. The 500 ms temporal locations are provided for

illustration purposes only. Different examples may include larger or smaller intervals.
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The metadata may be stored at the beginning of the media file, or may be stored
separately.

[0051] For non time-critical content, the metadata may be generated and stored on one
or more of the servers. However, for time-critical content, the metadata may not be
generated and stored because some of the media content is yet to be generated. For
example, for a live event like a sporting event, the media content is generated as the
live event occurs, and obviously it is impossible to generate media content for
instances that are yet to occur. In such situations the metadata that indicates the
timestamps and corresponding byte ranges may be stored as a header within just
generated video frames.

[0052] As described so far, a plurality of source servers store portions of a media file
referred to as media assets. The media assets may be generated based on VBR coding
techniques. In some examples, the media assets may additionally include metadata
that includes a listing of playback timestamps and corresponding byte ranges.
Alternatively, the metadata may be stored separately on one or more source servers.
In some examples, the metadata may be stored within a header of a generated video
frame.

[0053] To provide the media assets to client devices, the MCP may operate the source
servers and contract with one or more network providers, e.g., Internet service
providers (ISPs), to allow the source servers to transmit data on the network, e.g.,
Internet. The source servers may be located in different locations throughout the
world. Accordingly, the MCP may need to contract with different ISPs to allow the
source servers to output data on to the Internet.

[0054] Turning now to the consumer side, a download agent executing on the
computing device of a consumer (i.¢., subscriber or user) connects to a network such
as the Internet to download the media assets from the source servers that are also
connected to the network. In accordance with this disclosure, the download agent
downloads portions of the media file from the plurality of source servers. The term
“download portions of the media file from the plurality of source servers” may

comprise at least two download techniques. In one technique, the download agent

17



WO 2010/141460 PCT/US2010/036889
Docket No.: 1060-010WO01

simultaneously downloads portions of the media file from the plurality of source
servers, ¢.g., downloads the portions of the media file in parallel. In another
technique, the download agent downloads a portion of the media file sequentially.
However, each portion of the media file may be downloaded from different source
servers, ¢.g., performs multisource download. The download agent determines how
much of the media file should be downloaded from each source server by weighing
factors associated with each path versus the computed bandwidth requirements for
each portion (i.e., time slice) of the media content. The factors may be the
characteristics of the source servers. The download agent may connect to each of the
source servers via individual network paths. Stated another way, one connection from
the download agent to a first source server may be considered a first path, one
connection from the download agent to a second source server may be considered a
second path, and so on.

[0055] The download agent may find it optimal to weigh the factors of different paths
to source servers to determine how the media file should be retrieved from the source
servers. As one example, the factors weighed by the download agent may include
delay if the media content is live data or data that should be consumed in a timely
fashion. As another example, the factors weighed by the download agent may include
the cost to the MCP to transmit data. As yet another example, the factors weighed by
the download agent may include the achieved throughput rate for each the source
server as monitored by the download agent. In accordance with this disclosure, a
client device (e.g., computing device of a user) may take advantage of the variability
of the bandwidth of the media file over a given portion. The download agent
executing on the client device may determine paths to source servers that are cost
effective for the MCP and/or constrained in other metrics to be able to receive the
media file based on the bandwidth of the media file over a given portion.

[0056] In some examples, to display a live event, a client device is delayed, i.e.,
temporally backset, by a certain amount of time. The client device may not be
displaying the actual “now point” of the live event. Instead, the client device may be

displaying data that occurred some time prior to the now point, typically on the order
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of a seconds. As described in more detail below, the download agent may account for
how much the client device is delayed to determine how much data of the media
content should be downloaded from which source servers and at what time.

[0057] The factors that the download agent may weigh to select optimum paths, e.g.,
paths to source servers, may include characteristics of the source servers. The
characteristics include peak download times, geographic location of the servers, client
privilege, client autonomous system number (ASN), and contracted fees that the media
content provider pays to ISPs to allow the media content provider to provide the media
content to client devices. As described in more detail below, the download agent may
account for the various factors to determine how much data of the media content
should be downloaded from which source servers and at what time.

[0058] With respect to the fees that the MCP pays the ISP, the MCP pays a network
provider such as an Internet service provider (ISP) a contracted fee to allow the media
content provider to provide the media file to the client devices via the network, e.g.,
the Internet. The media content provider may pay the network provider based on the
amount of bandwidth utilized by a source server. In other words, the media content
provider pays the network provider based on the amount of bandwidth a source server
utilizes to transmit the media file to the client devices via the network. Generally, the
more bandwidth that is utilized the higher the fee the network provider charges the
media content provider. As described in more detail below, the download agent may
account for the amount of bandwidth utilized by source servers to determine how
much data of the media content should be downloaded from which source servers and
at what time. In some examples, download agent downloads the media content in
parallel from two or more of the source servers, ¢.g., downloads the media content in
parallel. In some other examples, download agent downloads portions of the media
content sequentially. However, the download agent may download each portion of the
media content from different source servers. In this example, the download agent
performs multisource downloads.

[0059] The following is one example of how the download agent accounts for the

peak download time, fees that the media content provider pays a network provider,
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and geographical location. As noted above, the source servers may be located in
different geographical locations around the world. A first source server may be
located in Minneapolis, Minnesota and a second source server may be located in
Tokyo, Japan. The peak download time for the first source server, i.c., time of day
with the highest number of client devices are downloading data from the first source
server, may be different than the peak download time for the second source server.
The peak download time for the first source server and the second source server may
be different because when it is daytime in Minneapolis, Minnesota (where the first
source server is located) it is nighttime in Tokyo, Japan (where the second source
server is located). Generally, there are more people downloading data during the
daytime than at nighttime.

[0060] During peak download times for a source server, there is a lot of competing
network traffic for the various data on the source server. The large amount of
competing network traffic may cause the source server to consume large amounts of
bandwidth to transmit the media content driving up the costs for the media content
provider. In accordance with this disclosure, the download agent may account for the
peak download times for the various source servers to determine how much data
should be downloaded from which geographically separate networks to minimize the
cost to the media content provider.

[0061] The download agent weighs the various factors described above in conjunction
with the required bandwidths for different portions of the media asset. In other words,
the download agent first determines the required bandwidths for different portions of
the media assets. Based on the characteristics of the source servers, e.g., the factors
described above, the download agent selects source servers from which the download
agent downloads media content.

[0062] The download agent initially downloads the metadata, in examples where the
metadata is separately available. The download agent may request for the initial
portion of the media file that contains the metadata or may request to download the
metadata from at least one of the source servers. In examples where the metadata is

separately stored on the source servers, the download agent may download the
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metadata only from one source server instead of from a plurality of source servers
because the metadata is generally very small. Based on the metadata, the download
agent calculates the required bandwidths for different portions of the media asset.
[0063] In accordance with this disclosure, based on the required bandwidth, the
download agent determines how much of the media content should be downloaded
from which servers and at what time. To compute the bandwidth requirements for
portions of the media asset the download agent first determines the starting and ending
byte offsets for the portion of the media asset and the starting and ending portion of
timestamps for the portion of the media asset. The download agent then subtracts the
starting byte offset from the ending byte offset to calculate the total bytes in the
portion. The download agent subtracts the starting timestamp from the ending
timestamp to calculate the total duration of the portion. The download agent
multiplies the total byte in the portion by eight to calculate the total bits in the portion.
Download agent then divides the total bits in the portion by the total duration in the
portion to calculate the required bandwidth for that portion. For example, the
download agent may determine the bandwidth from 10 minutes and 30 seconds to 11
minutes of the media file calculated from the metadata. For that 30 second portion (11
minutes minus 10 minutes and 30 seconds), the download agent determines how much
of that portion should be downloaded from which servers based on the factors
described above that indicate the characteristics of the source servers. For example,
the download agent will select source servers to minimize the costs to MCP associated
with downloading that portion of media content.

[0064] As another example, if the bandwidth required to transmit a portion of the
media content is low, the download agent may select paths to source servers that are
geographically proximate to the client device but are experiencing low throughput
rate. The download agent may select such source servers because even though the
servers are experiencing low throughput rates, the amount of data that needs to be
downloaded for that portion is also low. Conversely, if the bandwidth required to

transmit a portion of the media content is high, the download agent may select paths to
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source servers that are not currently consuming large amounts of bandwidth to keep
the costs low for the MCP.

[0065] In some examples where the media content is time-critical content, the
bandwidth for different portions of the media content may not be available because
such media content may not have been generated. As described above, for time-
critical content, ¢.g., live data, the client device is delayed a certain amount such that
the client is viewing live data that occurred prior to the now point of the live data. For
time-critical content, while metadata is not available as separately downloadable or
inserted at the beginning of the file, the timestamps and corresponding byte ranges or
offsets for a recently encoded portion of the media content may be available as
metadata within the recently encoded portion, e.g., timestamps and corresponding byte
ranges or offsets for recently generated I frames, P frames, or B frames. In accordance
with this disclosure, the download agent may download the metadata for a portion of
the media content that has not been downloaded, ¢.g., metadata for recently generated
I frames, P frames, or B frames. For example, the client may be viewing media
content of the live event that occurred 10 seconds prior to the now point of the live
event. As data for the now point of the live event becomes encoded, the download
agent may download only the metadata for the recently encoded media content. The
download agent does not download the actual media content just yet. Similar to non
time-critical content, the download agent may first determine the required bandwidth
for the just encoded media content based on the just generated I frames, P frames, or B
frames. Next, based on the required bandwidth for the just encoded media content, the
download agent may weigh the various factors to find the optimum download paths.
[0066] For time-critical content, certain trade offs may be necessary. The longer the
client device is delayed, the more time the download agent can take to find the
optimum download paths. For example, if the client device is delayed 2 minutes, the
download agent may have up to 2 minutes to find the optimum download paths.
However, a client device that is delayed a long time may not be desirable. For
example, for a live event such a sporting event, the consumer may be predominantly

concerned with the score. If the client device is delayed a long time, the consumer
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may prefer to access a different website where the consumer can find the
instantaneous score more easily.

[0067] As described above, the metadata may not be available for time-critical
content, and may be available for non time-critical content. However, in some
examples where the media content is non time-critical content, the metadata may not
be available. For example, the metadata may not be separately downloadable and the
metadata may not be added to the beginning of the media file. Rather the metadata
may only be available as headers to individual frames. In such example, the download
agent may download metadata from upcoming I frames, P frames, and B frames that
describe the timestamps and corresponding byte ranges for those frames. Based on the
metadata, the download agent determines the required bandwidth for those frames.
Based on the required bandwidth, the download agent may determine optimum
download paths.

[0068] Alternatively, in some examples, the download agent may not download the
metadata. Instead, the download agent may extract the metadata from downloaded
frames. Based on the metadata from downloaded frames, the download agent may
estimate the bandwidth of future data. For example, instead of downloading metadata
from upcoming frames, the download agent may track the required bandwidth for
previously received frames based on the headers of the previously downloaded frames.
Based on the required bandwidth for the previously received frames, the download
agent may estimate the required bandwidth for future frames. For example, if the
bandwidth for the last 20 frames increased from one frame to the other, the download
agent may calculate the standard deviation of the bandwidth for the last 20 frames.
The download agent may then add the standard deviation to the bandwidth of the 20"
frame to estimate the bandwidth for upcoming media content. Similarly, if the
bandwidth for the frames is decreasing, the download agent may calculate the standard
deviation and subtract the standard deviation from the 20" frame to estimate the
bandwidth for upcoming media content. In these examples, based on the estimated

bandwidth, the download agent may determine optimum download paths.
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[0069] Techniques of this disclosure may provide various advantages. Techniques of
this disclosure may allow a client device to download and display high quality media
content without the need to rebuffer or pause the display of media content as
compared to conventional systems. In conventional systems, the client device makes
only one connection, ¢.g., a single path connection, to one source server through a
network. The client device downloads the media file from the one source server at a
throughput rate. When the required bandwidth to transmit a VBR encoded media file
or a portion of the VBR encoded media file is greater than throughput rate of the client
device, the client device is forced to stop displaying the media content and buffer
media content before resuming playback. Stopping display of the media content and
buffering additional media content may not be desirable to the end user and may make
the content virtually unwatchable.

[0070] Moreover, as described above, in conventional systems, if the required
bandwidth is greater than the throughput, the playback stops. Playback is started again
with a media file that is encoded for a lower bandwidth than the previous media file.
However, the media file restarts from the beginning with lower bandwidth media file.
Restarting from the beginning, as forced in conventional systems, drastically reduces
the enjoyment of the client. Also, the client is forced to watch a media file encoded
for a lower bandwidth. Generally, media files encoded for a higher bandwidth provide
higher quality viewing experience compared to media files encoded for a lower
bandwidth. Accordingly, in conventional systems, the client has to restart and view
lower quality video.

[0071] Additionally, a media content provider may be required to pay a network
provider, e.g., an ISP, to allow the media content provider to provide the media
content to client devices. The media content provider may be required to pay the
network provider based on the bandwidth utilized by its source server(s). Due to the
variability in the bandwidth required over a given portion of the media file, the media
content provider may incur additional costs from the ISP to transmit portions of the
VBR encoded media file where the required bandwidth to transmit the media file is

very high.
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[0072] In accordance with the disclosure, the download agent reduces or eliminates
the need for the client device to stop and buffer data as well as reduces the cost
incurred by the media content provider. As described above, in one non-limiting
example, the client device downloads the media file from a plurality of source servers
in parallel. The parallel download allows the client device to download portions of the
media file simultaneously thereby building a sufficient buffer of data to withstand
situations where the required bandwidth to properly receive the media file is greater
than the throughput rate. Furthermore, the download agent accounts for the
throughput rate from the servers. If any of the servers are experiencing low
throughput rates, e.g., low throughput rates due to peak download times, and the
bandwidth required to transmit the media content is high, the download agent may, for
example, select source servers that are not experiencing low throughput rates so that
the client device receives the media content in a timely fashion.

[0073] The download agent may also reduce the costs for the media content provider
to provide the media file. For example, the download agent may forecast portions
within the media file where the required bandwidth to transmit the media file is high
relative to the rest of the media file. The download agent may then select paths to
source servers such that downloading the media content from the source servers does
not drastically increase the bandwidth utilization by any one server. In this manner the
amount of bandwidth that a source server utilizes is reduced compared to conventional
systems. Since the MCP typically pays one or more ISPs a fee based on the amount of
bandwidth utilized by a source server, the download agent may download the media
content from source servers connected to the Internet from different ISPs. For
example, a first source server may connect to the Internet via a first ISP, and a second
source server may connect to the Internet via a second ISP. Assume the bandwidth
required to transmit a portion of the media file is 3 Mbps. The download agent may
download subportions of the portion from the first and second source servers. The
download agent may download a first subportion of the portion from the first source
server at 1.5 Mbps, and download a second subportion of the portion from the second

source server at 1.5 Mbps in parallel with the first subportion. In this manner, the
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download agent is receiving data at a total of 3 Mbps; however, the bandwidth utilized
by any of the servers is only 1.5 Mbps. In conventional systems, a single source
server connect to the Internet from a single ISP may be required to consume 3 Mbps
of bandwidth to provide the portion of the media content. Since the bandwidth
utilized on the first and second source ISPs is 1.5 Mbps in accordance with this
disclosure, the cost to the MCP may be less than 3 Mbps bandwidth that is utilized by
a single source server in conventional systems.

[0074] FIG. 1 is a schematic diagram illustrating an exemplary system 2 for
transmitting media content. System 2 includes a media content provider (MCP) 7,
source server SA-5N (collectively source servers 5), service provider (SP) 3A-3N
(collectively service providers 3), network 8, delivery information server 10, and
client device 4. Client device 4 may be a wide variety of different types of devices.
For example, client device 4 may be a personal computer, a laptop computer, a mobile
telephone, a personal media player, a device integrated into a vehicle, a network
telephone, a network television, a television set-top box, a network appliance, or
another type of network device.

[0075] MCP 7 may be an enterprise or other organization. For example, MCP 7 may
be a corporation that runs a web site that allows users to post and share video clips.
MCP 7 operates source servers 5. Each one of source servers 5 may be located in
different geographic locations throughout the world. For example, source server SA
may be located in Minneapolis, Minnesota, source server 5B may be located in Los
Angeles, California, and source server SN may be located in Tokyo, Japan.

[0076] Source servers 5 store media content such as VBR video. The media content is
stored as media files on source servers 5. The media file may comprise a plurality of
media assets. As used in this disclosure, a “media asset” is a set of media data that
client device 4 can download and play back via a media player. Each media asset may
be individually accessible and storeable. Example media assets include video clips,
audio clips, movies, live audio streams, live video streams, teleconference streams,
telephone streams, digital cinema feeds, and other types of media. Examples of media

players include Windows Media Player'™ or Silverlight™ from Microsoft Corporation
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of Redmond, Washington, Quicktime™ from Apple Computer of Cupertino,
California, and Flash Video™ from Adobe Systems, Inc. of San Jose, California.
[0077] Source servers 5 transmit media content to client device 4 via network 8. To
transmit data via network 8, MCP 7 contracts with each one of service providers 3 to
allow source servers 5 to transmit media content via network 8. For example, MCP 7
may contract with service provider 3A to allow source server SA to transmit media
content to client device 4 via network 8. Similarly, MCP 7 may contract with service
provider 3B and 3N to allow source server 5B and source server SN to transmit media
content to client device 4 via network &, respectively. Because of the different
geographic locations of source servers 5, MCP 7 may need to contract with different
service providers to allow source servers 5 to transmit the media content to client
device 4.

[0078] As shown in FIG. 1, each one of source servers 5 is connected to different
service providers 3. However, in some examples, two or more source servers 5 may
be connected to a same service provider 3. For example, though not shown in FIG. 1,
source server 5C and source server 5D may be connected to service provider 3C. In
such an example, MCP 7 contracts with service provider 3C to allow both source
server 5C and 5D to transmit media content to client device 4 via network 8.
Furthermore, though not shown in FIG. 1, two or more source servers 5 may be part of
a common autonomous system.

[0079] Source servers SA-5N transmit media content via its corresponding network
access link 9A-9N (collectively network links 9) to its corresponding service provider
3A-3N. Network links 9 may be a T3 line as one example. Each one of network links
9 may be one dedicated link to its corresponding service provider 3, or may be a
plurality of links from its source server 5 to its service provider 3.

[0080] Service providers 3A-3N provide service provider network infrastructure 11A-
11N to forward the media content to network 8. Service providers 3 may be for
example ISPs. The bandwidth that each one of source servers 5 utilizes to transmit
media content through its corresponding network link 9 to its service provider 3 is

referred to as the bandwidth utilization of that source server. The rate at which each
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one of source servers 5 transmits media content is referred to as the throughput rate of
that source server.

[0081] Network 8 may be a wide variety of different types of networks. For example,
network 8 may be the Internet, a content delivery network, a wide-area network, or
another type of network. In some situations, MCP 7 does not own or control network
8. In such situations, service providers 3 own and control network 8. As noted above,
MCP 7 makes contracts with service providers 3 to allow source servers 5 to provide
media assets to client device 4 via network 8 and possibly one or more additional
intermediate networks. For example, MCP 7 makes contract to lease network line
11A to allow source server SA to transmit media content onto network 8. Similarly,
MCP 7 makes contract to lease network line 11B and 11N to allow source server 5B
and 5N to transmit media content onto network 8, respectively. In return, service
providers 3 charge MCP 7 money for use of network 8. Each one of service providers
3 may charge MCP 7 based on the bandwidth utilization of network 8 by
corresponding source servers 5. For example, service provider 3A charges MCP 7
based on the bandwidth utilization of network link 9A by source server SA.

Generally, service providers 3 charge MCP 7 a higher price for high bandwidth
utilization, and a lower price for low bandwidth utilization. In one example, network
8 represents one or more high-speed network access links or other network
connections provided and maintained by service providers 3 and leased by MCP 7.
[0082] Each one of service providers 3 may charge MCP 7 based on the “95/5” rule.
In accordance with the 95/5 rule, each one of service providers 3 determines the
overall bandwidth utilization over network link 9 by its corresponding source server 5
operated by MCP 7 at certain time intervals over a billing period. As a first example,
service provider 3A determines the number of bits transmitted by source server SA
during a 5 minute interval. Service provider 3A divides the number of bits transmitted
by source server SA during the 5 minute interval by 5 minutes to determine an overall
bandwidth utilization by source server SA. Service provider 3A then stores the

determined overall bandwidth utilization as one sample. Service provider 3A repeats
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this step every 5 minutes over a billing period. A billing period may be a month of
time.

[0083] As a second example, every 5 minutes service provider 3 determines the
number of bits transmitted during the last second. Service provider 3A multiplies the
determined number of transmitted bits by 300 to estimate the number of bits
transmitted during a 5 minute interval (300 seconds in 5 minutes). Service provider
3A divides the estimated number of bits transmitted during a 5 minute interval by 5
minutes to calculate a sample of the overall bandwidth utilization during the 5 minute
interval. Service provider 3A repeats this step every 5 minutes over a billing period,
1.e. a month.

[0084] Generally, service provider 3A performs the steps of the first example. In
either example, service provider 3A then uses the samples of the overall bandwidth
utilization to identify the 95™ percentile of the overall bandwidth utilization. Service
provider 3A charges MCP 7 based on the bandwidth utilization of source server SA of
the identified 95" percentile.

[0085] For example, assume service provider 3A charges MCP 7 monthly. Over a 30
day period, service provider 3A samples the overall bandwidth utilization of source
server SA every 5 minutes. This yields to 8640 samples of the overall bandwidth
utilization (30 days multiplied by 24 hours per day multiplied by 60 minutes per hour
divided by 5 minutes per sample). Service provider 3A disregards 432 samples that
correspond to when source server SA had the highest overall bandwidth utilization
(8640 multiplied by 0.05). Service provider 3A determines the highest overall
bandwidth utilization in the remaining 8208 samples, i.c. the 95™ percentile, (8640
samples minus 432 samples) and charges MCP 7 based on the determined highest
overall bandwidth utilization in the remaining 8208 samples, i.¢. the 95" percentile of
the overall bandwidth utilization. The sample rate of 5 minutes and the time period of
30 days is just one example. Service providers 3 may sample the overall bandwidth
utilization at different time intervals and the time period may be different as well.
Also the 95/5 rule is one example; each one of service providers 3 may have a

different contract with MCP 7. For example, service provider 3A may charge MCP 7
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based on the 90™ percentile of the overall bandwidth utilization instead of the 95™
percentile of the overall bandwidth utilization of source server 5A, while service
provider 3B may charge MCP 7 based on the 95" percentile of the overall bandwidth
utilization of source server 5B.

[0086] Client device 4 downloads media assets via network 8. To download a media
asset client device 4 may output a request for the media asset to delivery information
server 10. The request may specify a resource identifier of the media asset. For
example, client device 4 outputs a HTTP request that specifies a Uniform Resource
Locator (URL) of the media asset. Delivery information server 10 may or may not be
operated by MCP 7. For example, delivery information server 10 may be operated by
a third party. In other words, delivery information server 10 may be operated by a
service that is independent of MCP 7. Delivery information server 10 is shown for
illustration purposes only. In examples where delivery information server 10 is not
necessary, client device 4 may output a request for the media asset from one or more
of source servers 5.

[0087] Delivery information server 10 may be configured to implement a data transfer
policy established by MCP 7 for each one of service providers 3. The data transfer
policy may indicate a desired overall bandwidth utilization for a billing period. As
one example, a data transfer policy may indicate that MCP 7 wants to maintain an
overall bandwidth utilization of 100 mega-bits per second for the billing period for
service provider 3A, an overall bandwidth utilization of 500 mega-bits per second for
the billing period for service provider 3B, and so on. There may be other types of data
transfer policies as well.

[0088] Referring back to the media file comprising media assets stored on source
servers 5, in the context of video, ecach media asset of a VBR video contains a plurality
of frames in accordance with a video compression scheme. One such frame is referred
to as a key frame or intra (I) frame that can be decoded without reference to other
frames and may, for example, provide an entire encoded picture. The term “key
frame” is used herein to generally refer to this type of frame within an encoded media

stream. Other types frames that may be encoded within the stream include predicted
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(P) frame or bi-predicted (B) frame that generally contain image data and motion
vector displacements that are relative to a previous key frame in the stream. A
timestamp may be associated with each key frame. The timestamp indicates a
temporal location of a key frame within the media asset.

[0089] The media file may be generated based on variable bit rate (VBR) encoding.
In VBR encoding, different portions of the media assets may be encoded to different
amounts of bandwidth for the transmission. The bandwidth of the media file refers to
the amount of data per unit of time of the media file, e.g., bits per second of the media
file, that needs to be transmitted for a computing device to properly render the media
file. For example, a VBR video may be encoded for higher bandwidth during
dynamic video, e.g. rapid visual change, and encoded for lower bandwidth during less
dynamic video, ¢.g. minimal visual change.

[0090] The bandwidth required to transmit the VBR video may be different at
different portions. The bandwidth for the different portions may be represented as a
portion average bandwidth. The portion average bandwidth is the required average
bandwidth over a portion of the media file. The media file may be divided down into
portions. For example, a three hour VBR video may be divided down into three
hundred and sixty thirty second portions. Thirty second portions is just one example.
The VBR video may be divided down by more or less than thirty seconds. The VBR
video may be divided to portions of approximately 300 milliseconds (ms) to 500 ms.
Furthermore, the portion need not be limited to temporal portions, e.g. thirty seconds.
In some examples, the portion may be defined as a number of frames within the media
asset.

[0091] There may be at least two types of media assets: non time-critical content and
time-critical content. For non time-critical content, the entire content is generated and
stored on the servers. Examples of non time-critical content include movies, non-live
television shows, web episodes, online media content found on websites like
YouTube, and the like. The non time-critical content may be encoded for different

bandwidths, e.g., bit rate, at different portions within the media file.
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[0092] For time-critical content, the entire content may be not generated and stored on
the servers 5. Rather, the time-critical content may be generated as the event is
occurring. For example, all the media content may not be fully generated for a live
performance that has not finished. During a live performance, the media content for
the live performance is being generated simultaneously as the live performance is
occurring. Such media content may be referred to as time-critical content. Examples
of time-critical content include live concerts, sporting events, live news feeds, and the
like. The time-critical content may be encoded for different bandwidths, e.g., bit rates,
at different portions.

[0093] Copies of the media assets may be stored on each of the plurality of source
servers 5. One of the source servers 5 may function as a primary server and the other
source servers 5 may function as mirror servers. For non time-critical content, the
media assets may be stored on any of the servers (preferably the primary server). At
regularly scheduled times (preferably during non-peak download times such as
midnight), each source server 5 may compare with other source servers 5 to see if
there is new data on any of the servers. If there is new data, each source server 5 may
copy the new data from the other servers. In this manner, each source servers 5
contains copies of the media assets.

[0094] For time-critical content, ¢.g., data from a live event, the source server 5
functioning as the primary server may receive encoded video frames of the live event.
Alternatively, the primary server may receive raw data of the live event and may
include an encapsulator that encodes the raw data into video frames of the live event.
As soon as a new frame is generated, the primary server multicasts the data to the
other source servers 5 functioning as mirror servers. The mirror servers may receive
and store the live data. The delay from when the primary server stores the just
encoded video frames and when the mirror servers receive the just encoded video
frames may be very small. Accordingly, the mirror servers may be updated with
frames of the live event virtually instantancously.

[0095] In some examples, in addition to the media assets, one or more of the source

servers may also store metadata. The metadata comprises a listing of playback
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timestamps, i.¢., temporal locations, and corresponding byte ranges or offsets. For
example, the metadata may indicate the number of bytes that need to be transmitted
every 500 ms, e.g., the number of bytes that need to be transmitted from1 ms to 500
ms, 501 ms to 1000 ms and so on. The 500 ms temporal locations are provided for
illustration purposes only. Different examples may include larger or smaller intervals.
The metadata may be stored at the beginning of the media file, or may be stored
separately.

[0096] For non time-critical content, the metadata may be generated and stored on one
or more of the servers. However, for time-critical content, the metadata may not be
generated and stored because some of the media content is yet to be generated. For
example, for a live event like a sporting event, the media content is generated as the
live event occurs, and obviously it is impossible to generate media content for
instances that are yet to occur. In such situations the metadata that indicates the
timestamps and corresponding byte ranges may be stored as a header within just
generated video frames.

[0097] As described so far, a plurality of source servers store portions of a media file
referred to as media assets. The media assets may be generated based on VBR coding
techniques. In some examples, the media assets may additionally include metadata
that includes a listing of playback timestamps and corresponding byte ranges.
Alternatively, the metadata may be stored separately on one or more source servers.
In some examples, the metadata may be stored within a header of a generated video
frame.

[0098] Referring back to client device 4, client device 4 may download the media
assets from one or more of source servers 5 in parallel or sequentially from different
source servers 5. Client device 4 may establish different paths, e.g., sockets, to source
servers 5. For example, as shown in FIG. 1, the path from client device 4 through link
1TA and 9A to source server SA may be considered a first path. The path from client
device 4 through link 11B and 9B to source server 5B may be considered a second
path and so on. One example technique of downloading the media assets in parallel is

described in application no. 10/788,695, entitled “PARALLEL DATA TRANSFER
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OVER MULTIPLE CHANNELS WITH DATA ORDER PRIORITIZATION,” filed
February 27, 2004, which claims priority to 60/451,295, filed February 28, 2003.
[0099] Client device 4 may divide source servers 5 into super data source groups and
data source groups. Data source groups may be a grouping of source servers 5 that
may be close in geographic proximity to each other. For example, if source server SA
and 5B where in geographic proximity to one another, source server 5A and 5B may
be in the same data source group. Client device 4 may determine the proximity of
source servers 5 based on their respective IP addresses, as one example. Furthermore,
source servers 5 in the same data source group may be accessible via the same
transport protocol. For example, source server SA and 5B may both be accessible
using Hypertext Transfer Protocol (HTTP). Source servers 5 within data source
groups may dynamically change. For example, some of source servers 5 within a data
source group may become unavailable while client device 4 is downloading data.
Similarly, some of source servers 5 may be added into the data source group while
client device 4 is downloading data. In some examples, when data is requested from
source servers 5 of a common data source group, the same source server 5 may
provide data unless that source server 5 indicates that it cannot handle requests for
data.

[0100] Super data source groups comprise data source groups that are
indistinguishable based on their billing contracts, e.g., 95/5 billing contracts. For
example, assume source server 5C and 5D (not shown in FIG. 1) comprise a first data
source group and source server SE and 5F (not shown in FIG. 1) comprise a second
data source group. If source servers 5C, 5D, 5E, and 5F contract with a same ISP to
provide data on to network 8, then the first data source group and the second data
source group may be included in a super data source group. Source servers 5C, 5D,
5E, and 5F may be considered to be in a super data source group because the
bandwidth utilized by the source servers may fall under the same billing contract
between MCP 7 and the ISP. Client device 4 may determine which source servers 5

provide data through a common ISP based on their respective IP addresses, as one
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example. In some examples, source servers 5 in a super data source group may be on
a common autonomous system (AS).

[0101] To download the media assets, client device 4 may weigh various factors. The
various factors may be the characteristics of source servers 5. The characteristics may
include availability of source servers 5, peak download times of source servers 5,
geographic location of the source servers 5, the privilege level of client device 4,
client-side autonomous system (AS) number, bandwidth utilization for billing of
source servers 3, e.g., 95/5 billing, and the like. Some of the characteristics such as
peak download times and bandwidth utilization may require input from source servers
5.

[0102] Client device 4 may weigh the factors based on characteristics of the different
paths to source servers 5. Client device 4 may monitor the characteristics of the data
flowing from each of the different paths using an internal flow manager. The flow
manager may be responsible for starting the download of media assets from the
various paths, cancelling the download of media assets from the various paths, and
determining how much of media file should be downloaded from which source servers
5 and at what time. The flow manager represents the paths to the sources as an
inverted tree having a plurality of nodes arranged into different levels.

[0103] To monitor the characteristics of the data flowing into client device 4, the flow
manager of client device 4 may maintain a data structure to represent the paths to the
sources as an inverted tree having a plurality of nodes arranged into different levels.
A single “data flow” comprises the flow of a particular range of bytes of a portion of
media content from one of source servers 5. There may be many such data flows that
may be executed by and managed by the flow manager of client device 4 over the
course of a download. In one embodiment, the inverted tree has four levels used to
determine the flow characteristics. The four levels of nodes, starting from bottom to
top, may comprise flow channel nodes, data source group nodes, super data source
group nodes, and a root node. Each node is used as a data structure to track the
number of bytes received at that node as well as the rate at which those bytes are

received (e.g., the throughput rate of the received bytes). A node at a given level may
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contain aggregate data for all the nodes below it. Accordingly, a root node for the tree
may provide a continuous value for the total throughput of the system, e.g., the total
throughput rate at which client device 4 receives the data.

[0104] The leaf nodes of the tree are flow channel nodes, and each flow channel node
may represent the actual path (flow channel) to a respective source servers 5. For
example, a first flow channel may be a path to source server 5A, a second flow
channel may be a path to source server 5B, and so on. The data coming through the
flow channels, e.g., media assets or parts of media assets, may be inspected for correct
semantics. If there is error in the data from a particular flow channel, that flow
channel may be designated as failed, and no additional data may be downloaded via
that particular flow channel. There may be one or more flow channels associated with
cach data source node. For example, a first and second path may be associated with a
first data source group node, and a third and fourth path may be associated with a
second data source group node. The downloaded data from the flows may be
propagated to their corresponding data source group node.

[0105] At the next level up the tree, each data source group node is used to collect
runtime data from each flow channel associated with the data source group node. For
example, the data source group node may collect timing estimators, ¢.g., estimate of
how long it took to receive the data, throughput rate, number of bytes received for
cach flow channel. In some examples, the data source group node may also collect
data such the amount of bandwidth utilized by the various source servers 5.

[0106] Client device 4 maintains state data representing its monitoring of source
servers 5. For each source server 5, each corresponding data source group node stores
data indicating a state of: untested, test pending, untested retry, available, unavailable
retry, available busy, and unavailable. Client device 4 may determine the status of
cach of source servers 5 as described in detail in the disclosure with respect to FIG. 3.
Generally, client device 4 finds source servers 5 that are in the available state. Source
servers 5 that are in the available state may be suitable source servers 5 from which

client device 4 downloads media content.
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[0107] The super data source group node is a parent to the one or more of the data
source group nodes. At the super data source group node, client device 4 determines
the number of bytes received from each of the data source group nodes and the
throughput rate of the source servers 5. All the data from the other nodes, ¢.g., flow
channel, data source group, and super data source group, may be ultimately funneled
to the root node. Accordingly, the root node may contain information regarding the
status of source servers 5, ¢.g., state of source servers 5, the throughput rate of source
servers 5, and which source servers 5 should be downloaded from and at what time.
The root node may also receive information about the total throughput rate, e.g., the
summation of the throughput rate of each of source servers 5.

[0108] Client device 4 may utilize the number of bytes received from each of the data
source group as recorded in the corresponding source group nodes of the inverted tree
data structure along with the availability of each of the source servers 5 and the
throughput rate of each of the source servers 5 to determine optimal path choices. For
example, as described above, in some examples, client device 4 calculates the required
bandwidth for different portions of the media file for non time-critical content. Client
device 4 may select source servers 5 such that the total throughput rate is greater than
the required bandwidth for a portion of the media asset. In some examples, client
device 4 may also factor for time of day, ¢.g., peak download times of source servers
5, geographic location of the source servers 5, source servers 5 that are in a common
AS, 95/5 billing characteristics, and the like.

[0109] For example, client device 4 may initially find suitable source servers 5 to
download portions of media assets from based on the determined required bandwidth
of the portion of the media asset, the availability of the source servers 5, and the
throughput rate of the source servers 5. Next, client device 4 may select a plurality of
source servers 5 from the suitable source servers 5 from which to download the media
assets. To select the plurality of source servers 5 from the suitable source servers 3,
client device 4 may select source servers 5 that are geographically proximate to client
device 4, as one example. As another example, client device 4 may select source

servers 5 that are in the same AS as client device 4. As yet another example, client
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device 4 may select source servers 5 that are capable out outputting additional bytes
without incurring additional costs under the 95/5 billing contract.

[0110] In some examples such as time-critical content, as described above, the entire
metadata may not be separately downloadable or inserted at the beginning of the
media file. Rather, the metadata may only be available as the frames are generated. In
examples where the media content is time-critical content, client device 4 may be
delayed a few seconds such that client device 4 is displaying media content that
occurred a few seconds prior to the now point of the media file. In such examples,
client device 4 may download only the metadata from just encoded frames that
includes the timestamps and corresponding byte ranges or offsets but may not
download the actual content of the just encoded frames. Client device 4 may then
utilize the metadata calculate the required bandwidth of the just encoded frames.
Client device 4 utilizes the required bandwidth of the just encoded frames to determine
which source servers 5 client device 4 should download those just encoded frames.
[0111] Alternatively, in some examples such as time-critical content, client device 4
may not download the metadata for just encoded frames whose content is yet to be
downloaded. Instead, client device 4 may track the required bandwidth for previously
downloaded frames to estimate the bandwidth for the future frames. Client device 4
may average the required bandwidth for the previous frames and calculate the standard
deviation. Client device 4 may then add the standard deviation to the average
bandwidth to estimate the bandwidth for media assets that are yet to be downloaded.
[0112] For time-critical content, certain tradeoffs may be necessary. The longer client
device 4 is delayed (backset from the now point of live data), the longer client device
4 has to determine optimum paths to download the content of the just encoded media
asset. However, long delays may not be ideal because the consumer using client
device 4 may choose to receive information for a different website. For example, if
the consumer is specifically interested in the score of a game, that consumer may
choose to download the score from a different website that is providing the score

instantaneously.
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[0113] As described above, the flow channel node, data source group node, super data
source group node, and root node information is ascertained by client device 4.
However, in some examples, client device 4 may not ascertain such information.
Instead, delivery information server 10 may ascertain all such information, e.g., flow
channel node, data source group node, super data source group node, and root node
information. In such examples, delivery information server 10 may also download
metadata to calculate the required bandwidth for the portions of the media asset when
such metadata is available. For example, for non time-critical content, delivery
information server 10 may download the metadata from at least one of source servers
5. Delivery information serer 10 calculates the required bandwidth of the media asset
from the metadata. As another example, for time-critical content, delivery information
server 10 may download metadata from upcoming frames not yet downloaded and
calculate the required bandwidth for the upcoming frames. As yet another example,
delivery information server may track the required bandwidth for the received media
assets and estimate the required bandwidth for media assets not yet downloaded based
on the required bandwidth of the received media assets.

[0114] In such examples, client device 4 may transmit a request to delivery
information server 10 requesting media assets. In response, delivery information
server 10 may determine the optimum source servers 5 from which client device 4
should download. Delivery information server 10 may transmit the URL for the
media assets from the optimum source servers 5 to client device 4. In turn, client
device 4 may request for the media assets from the suitable source servers 5
determined by delivery information server 5.

[0115] Notably, delivery information server 10 may not be necessary in all examples,
and is provided for illustration purposes only. Particularly, delivery information
server 10 may not be needed for system 2 to function properly. As described above,
client device 4 may determine optimal source servers 5 from which to download
portions of the media assets. Delivery information server 10 may be another device
that determines optimal source servers 5 from which to download portions of the

media assets. Delivery information server 10 may be utilized in examples where
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client device 4 cannot determine optimum source servers 5 from which to download
portions of the media assets.

[0116] FIG. 2 is a graph illustrating an example bandwidth requirement of an
exemplary non time-critical content media asset 12. In this example, media asset 12
has been encoded for an overall average bandwidth of 0.5 Mbps. However, as seen in
FIG. 2, there are portions of media asset 12 where the bandwidth requirements may be
greater or less than the overall average bandwidth. For example, at portion 14, e.g., 10
ms to 12 ms, the required bandwidth to transmit encoded portion 14 is down to 0.2
Mbps. At portion 16, e.g., 12 ms to 16 ms, the required bandwidth is approximately 1
Mbps which is 50% greater than the overall average bandwidth.

[0117] Client device 4 downloads the metadata and predictively computes the
bandwidth necessary for downloading the encoded content at different portions (e.g.,
playback time periods) of media asset 12. As described above, client device 4
continuously monitors the status of source servers 5 (FIG. 1). Based on the calculated
bandwidth requirements for each portion and the monitored status of the source
servers 5, client device 4 determines the specific byte ranges of media asset 12 that
should be downloaded from which source servers 5. For example, as shown in FIG. 2,
at portion 16, the bandwidth to transmit the encoded content is approximately 1 Mbps.
Client device 4 may select multiple appropriate flow channels, e.g., paths, to suitable
source servers 5 to download this portion in parallel due to the high bandwidth
requirement, as one non-limiting example. Alternatively, client device 4 may select
multiple appropriate flow channels and download subportions of this portion
sequentially from the different suitable source servers 5.

[0118] For example, assume that client device 4 is forecasting how portion 16 should
be downloaded. Client device 4 may initially determine that a throughput rate of at
least 1 Mbps throughput rate is necessary to properly download the portion 16 which
has a bandwidth requirement of 1 Mbps. As described above, client device 4
continuously monitors the status of source servers 5. During that monitoring, client
device 4 may determine that the path to source server 5A has a current throughput rate

of 0.75 Mbps. In some examples, client device 4 may also determine that source
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server SA is currently in a non-peak download time and is located within the same AS
as client device 4. Similarly, during the monitoring, client device 4 may determine
that source server 5B has a current throughput rate of 0.25 Mbps. In some examples,
client device 4 may also determine that source server 5B is currently in a non-peak
download time and is in the same AS as client device 4. Furthermore, client device 4
determines that source server SA cannot provide a lot of additional data without
incurring additional costs due to the 95/5 billing requirements. Accordingly, though
source server SA has higher throughput rates than source server 5B, client device 4
may determine that it is better to download some of portion 16 from source server SA
and some of portion 16 from source server 5B so that MCP 7 does not incur additional
costs. In one example, client device 4 downloads some of portion 16 from source
server SA and some of portion 16 from source server 5B simultaneously, e.g., in
parallel. In another example, client device 4 downloads some of portion 16 from
source server SA and then downloads some of portion 16 from source server 5B. In
this example, client device 4 downloads the data in accordance with multisource
downloads.

[0119] To download portion 16 for the playback period of 12 ms to 16 ms, client
device 4 distributes the portion across the selected servers 5 based on their current
throughput rate. For example, client device 4 may request data of media asset 12 for
the playback period of 12 ms to 15 ms from source server SA. Client device 4 may
also request data of media asset 12 for the playback period of 15 ms to 16 ms from
source server SB as the throughput rate of source server 5B is currently one fourth that
achieved by source server SA. To make the request, client device 4 may first
determine the byte ranges for the time ranges. For example, client device 4 may
determine that 12 ms to 15 ms comprises bytes 101-400 and 15 ms to 16 ms comprises
bytes 401-500. For example, client device 4 may output a request to source server SA
from a socket dedicated to source server SA stating GET /media/video assetl2.flv
HTTP/1.0 Range: bytes=101-400. Client device 4 may output a request to source
server 5B from a socket dedicated to source server 5B stating GET

/media/video_assetl2.flv HTTP/1.0 Range: bytes=401-500. In response,
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source server SA identifies the data of media asset 12 corresponding to the playback
time of 12 ms to 15 ms and transmits that data to client device 4. Similarly, source
server 5B identifies the data of media asset corresponding to the playback time of 15
ms to 16 ms. Generally, source server SA and 5B may find key frames that are
substantially close to 12 ms, 15ms, and 16ms and transmit the data between these key
frames so as to include data for at least the requested playback period. However in
some examples, source server SA and 5B may include timestamps for more than just
the key frames. In such examples, source server SA and 5B may transmit the exact
data between 12 ms to 15 ms and 15 ms to 16 ms, respectively.

[0120] As described above, the throughput rate of source server SA is 0.75 Mbps
which is 3 times the throughput rate of source server 5B, ¢.g., 0.25 Mbps.
Accordingly, client device 4 requests 3 times as much data from source server SA than
from source server 5B, e.g., 3 ms from source server SA and 1 ms from source server
5B. In this manner, client device 4 receives portion 16 from different source servers 5
in parallel. In this case, the source server SA and 5B may be considered part of a
balanced flow tree because all flows, e.g., socket paths, are received by client device 4
in a way that maintains the desired condition of receiving 75% of the data from source
server SA and 25% of the data from source server 5B. In another example, client
device downloads 3 times as much data from source server SA and then downloads the
remaining the data from source server 5B.

[0121] FIG. 3 is a state diagram illustrating the various states maintained by client
device 4 for source server SA within data stored within the nodes of the interval tree.
Though the disclosure describes the various states maintained by client device 4 for
source server 5A, client device 4 also maintains the states for all source servers 5 as
described herein. Client device 4 may consider source server SA in a state of: untested
18, test pending 20, untested retry 22, available 24, unavailable retry 26, available
busy 28, and unavailable 30. Initially, client device 4 may consider source server SA
in untested state 18. Before source server SA can output media assets, client device 4
may ensure that source server 5A is capable of providing data. For client device 4 to

consider source server SA in the test pending state 20, source server SA may be
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required to transmit a transmission probe down the channel (e.g., socket) to client
device 4. The probe may be a relatively small, low priority portion of the media
content. The term low priority should be interpreted to mean data that is as far away
as possible from the current location of the media file that is being consumed by client
device 4. To initiate the probe, client device 4 outputs a request to receive the probe
from source server SA. The probe may be a sequence of one or more packets carrying
data, such as 15 kilobytes of data, transmitted to client device 4 from source server SA
over the established socket. During the probing of source server 5A, source server SA
is considered by client device 4 to be in test pending state 20. After successfully
receiving the probe, client device 4 updates the data within the tree data structure to
transition the source server 5 into available state 24. Based on the rate at which the
probe is received, client device 4 may determine the throughput rate of that source
server 5.

[0122] If the transmission of the probe from source server SA fails in a non-fatal
manner, that client device updates the state data for source server 5A to transition the
state to untested retry state 22 for a short period of time, e.g., a small number of
seconds. The short period of time when client device 4 considers source server 5A in
untested retry state 22 may be referred to as a short timeout. After the elapse of the
short timeout, client device 4 updates the state data to return to untested state 18 with
respect to source server 5. After returning to untested state 18, client device 4 tests
that source server 5 again. The short timeout where client device 4 considers source
server SA in untested retry state 22 exponentially increases as client device 4 cycles
source server SA through untested state 18, test pending state 20, and untested retry
state 22. For example, the short timeout when client device 4 considers source server
5A in untested retry state 22 may initially be 0 seconds. After the client device 4
transitions source server SA to untested state 18, client device 4 then transitions source
server SA to test pending state 20. If source server SA again fails in a non-fatal
manner, client device 4 transitions the source server 5 to untested retry state 22 and

remain in that state for 5 seconds, instead of the initial 0 seconds.
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[0123] If the transmission of the probe from source server SA fails in a fatal manner,
client device 4 transitions source server SA to unavailable state 30. Client device 4
considers source server SA in unavailable state 30 for long period of time, ¢.g., a small
number of minutes. The long period of time may be referred to as long timeout. After
the long timeout, client device 4 transitions source server SA to untested state 18.
[0124] When client device 4 considers source server SA in available state 24, if data
received from source server 5A fails, client device 4 transitions source server 5A to
unavailable retry state 26. Client device 4 considers source server SA in unavailable
retry state 26 for the short timeout which may be same amount of time as the short
timeout for untested retry state 22. After the elapse of the short timeout, client device
4 considers source server SA back in available state 24. Similar to untested retry state
22, the short timeout that client device 4 considers source server SA in unavailable
retry state 26 may increase as client device 4 transitions source server SA between
available state 24 and unavailable retry state 22. If client device 4 considers source
server SA in available state 24 and source server SA is maximizing its bandwidth
utilization, client device 4 transitions source server SA from available state 28 to the
available busy state 28. When source server 5SA is not maximizing its bandwidth
utilization, client device 4 considers source server SA in available state 28.

[0125] Client device 4 continuously updates status of source server SA as described.
Notably, client device 4 continuously updates status of all source servers 5. For
example, client device 4 continuously determines the state of the various source
servers 5. In this manner, client device 4 may determine which source servers 5 are
available to transmit the media assets. For example, client device 4 may open a path,
e.g., a socket, to each one of source servers 5. Client device 4 may initially receive
data such probe data from each of the source servers 5 to determine whether client
device 4 should consider that one of source servers 5 in the available state, as one
example.

[0126] When client device 4 transitions source server SA to the unavailable or

untested state, client device 4 may disable the socket, e.g., no longer provide a
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connection to source server SA. Similarly, client device 4 disables sockets to other
source servers 5 that client device 4 transitions to the unavailable or untested state.
[0127] In some instances, source servers 5 may need to output their own status to
client device 4. For example, source server 5SA that is maximizing its bandwidth
utilization may need to output such information to client device 4. In response, client
device 4 may determine that source server SA should be transitioned from the
available state to the available busy state. In some examples, information from source
servers 5 indicating their status may be provided periodically to client device 4. In
some examples, as described in more detail below, the status from source servers 5
may be transmitted to delivery information server 10.

[0128] FIG. 4 is a block diagram illustrating various exemplary components of client
device 4. As noted above, client device 4 may be a wide variety of different types of
devices. For example, client device 4 may be a personal computer, a laptop computer,
a mobile telephone, a personal media player, a device integrated into a vehicle, a
network telephone, a network television, a television set-top box, a network appliance,
or another type of network device.

[0129] In the example of FIG. 4, client device 4 includes a network interface 30, a
memory 32, a processor 34, and a presentation unit 36. Network interface 30
facilitates communication between client device 4 and network 8. Network interface
30 may be a variety of different types of network interface. For example, network
interface 30 may be an Ethernet interface, a WiFi interface, a token ring interface, a
fiber optic interface, a Bluetooth interface, a Wireless Broadband interface, a WiMax
interface, or another type of network interface. Memory 32 may be a computer-
readable storage medium such as a Random Access Memory unit, a disk drive, an
optical disc, a floppy disk, a Flash memory unit, or another type of computer-readable
storage medium. Processor 34 may be a microprocessor that includes one or more
cores, an application-specific integrated circuit (ASIC), co-processor, or another type
of integrated circuit. Processor 34 may execute instructions stored in memory 32.
When processor 34 executes instructions stored in memory 32, the instructions may

cause processor 34 to perform one or more actions. Presentation unit 36 may be a
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computer monitor, a television set, an integrated video screen, speakers, digital
signage, a video projector, or another type of unit capable of presenting media.

[0130] In the example of FIG. 4, memory 32 includes a media player 38 and a
download agent 40. Media player 38 and download agent 40 may be sets of
instructions that, when executed cause processor 34 to perform various actions. For
case of explanation, when this disclosure states that media player 38 performs some
action or states that download agent 40 performs some action, such phrases may be
interpreted to mean that the instructions of media player 38 cause processor 34 to
perform the action or to mean that the instructions of download agent 40 cause
processor 34 to perform the action. However, it should be appreciated that in some
implementations, media player 38 and/or download agent 40 may be implemented at
least in part as hardware, in which case media player 38 and/or download agent 40
may perform some or all of the actions without any action by processor 34.
Furthermore, it should be appreciated that in some implementations media player 38
and download agent 40 may be part of a common software package. In other words,
the functionality of download agent 40 may be incorporated into media player 38.
[0131] Furthermore, as described above, the disclosure describes functionality
performed by client device 4. Such description is provided for ease of illustration.
Generally, the functions described above that are performed by client device 4 may be
performed by download agent 40 within client device 4.

[0132] A consumer 42 of client device 4 may interact with media player 38 when
consumer 42 wants client device 4 to present a media asset. Example commercial
media player applications include Windows Media Player'™ and Silverlight™ from
Microsoft Corporation of Redmond, Washington, Quicktime™™ from Apple Computer
of Cupertino, California, and Flash Video™ from Adobe Systems, Inc. of San Jose,
California. Consumer 42 may directly or indirectly instruct media player 38 to present
a media asset. For example, consumer 42 may directly instruct media player 38 to
present a media asset by inputting a Uniform Resource Locator associated with the
media asset into a prompt presented by media player 38. In a second example,

consumer 42 may indirectly instruct media player 38 to present a media asset by
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navigating a web browser application to a web page in which the media asset is
embedded. In this second example, the web browser application may automatically
instruct media player 38 to present the media asset.

[0133] When media player 38 is instructed to present a media asset, media player 38
may directly or indirectly instruct download agent 40 to retrieve the media asset. For
example, media player 38 may use inter-process communication to directly instruct
download agent 40 to retrieve the media asset. In another example, media player 38
may instruct an operating system of client device 4 to retrieve the media asset. In this
example, the operating system may instruct download agent 40 to retrieve the media
asset.

[0134] In one example, after receiving a request to download a media asset, download
agent 40 may determine the status of source servers 5. For example, as described
above, download agent 40 may initially determine which source servers 5 belong to a
data source group and super data source group. As described above, source servers 5
that may be close in geographic proximity to each other may be in the same data
source group. Super data source groups comprise data source groups that are
indistinguishable based on their billing contracts. Next, download agent 40 may
determine the status of each of source servers 5 in their associated data source group,
e.g., the state of each of source servers 5. As described above, download agent 40 may
determine the status, e.g., state, and characteristics, ¢.g., various factors, of source
servers 5 in the flow channel node, data source group node, super data source group
node, and root node.

[0135] Download agent 40 then downloads the metadata that indicates timestamps and
corresponding byte ranges or offsets of the data within a media asset, in examples
where such metadata is available. Based on the timestamps and corresponding byte
ranges or offsets, download agent 40 calculates the required bandwidth to download
various portions of the media asset. In examples where such metadata is not available,
¢.g., time-critical content, download agent 40 may download media assets from the
source server 5 with the highest throughput rate to build some buffer of data. In such

examples, client device 4 is delayed a few seconds, so media player 38 may not be
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displaying the now point of the time-critical content event, e.g., a live event.
Download agent 40 may download the header portions that contain metadata that
indicate the timestamps and corresponding byte ranges or offsets of just encoded
frames and not download the actual content. Download agent 40 then calculates the
required bandwidth for those encoded frames. Alternatively, download agent 40 may
track the required bandwidth for previously downloaded frames. Download agent 40
may then estimate the required bandwidth of future frames based on the required
bandwidth for previously downloaded frames. For example, download agent 40 may
average the required bandwidth for the previously received frames and calculate the
standard deviation. Download agent may then add the standard deviation to the
previously received frames to estimate the required bandwidth for yet to be received
frames. Download agent 40 may average the required bandwidths for all the
previously downloaded frames. Or, download agent 40 may average the required
bandwidth for some of the most recent downloaded frames, e.g., the previous 20
frames.

[0136] After download agent 40 determines the required bandwidth at various
timestamps or byte ranges of the media asset based on the metadata, download agent
40 may utilize the required bandwidth information and the status and characteristics of
source servers 5 to determine the optimum source servers 5 from which to download
the media asset. In the alternate, download agent 40 may determine the required
bandwidth for future frames by estimating the required bandwidth for future frames
based on the required bandwidth for previous frames. Similarly, download agent 40
may then utilize the required bandwidth information and the status and characteristics
of source servers 5 to determine the optimum source servers 5 from which to
download the media.

[0137] In some examples, to determine which source servers 5 should be utilized to
download the media assets, download agent 40 may first consider all source servers 5
that are in the available state as described with respect to FIG. 3. In other words,
download agent may first determine the status source servers 5. Download agent 40

may then determine the characteristics of source servers 5 that are in the available
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state. Download agent 40 may evaluate the throughput rates of source servers 5, the
peak download times of source servers 5, the geographic location of source servers 5,
and the billing contracts, e.g., 95/5 billing characteristics of source servers 5. Some of
these characteristics may compete with other characteristics. For example, source
server SA is experiencing peak download times and is geographically proximate to
client device 4. Download agent 40 may account for the required bandwidth and the
various factors, ¢.g., characteristics, to determine optimum download paths, e.g.,
optimum source servers 5 to download the data from.

[0138] For example, if download agent 40 determined that the required bandwidth for
upcoming media content within a media asset is low compared to the rest of the media
asset, download agent 40 may determine that the optimum download paths are to
source servers 5 that are experiencing low throughput rates but can withstand
additional bandwidth utilization without incurring additional costs under the 95/5
billing rule. As another example, if download agent 40 determined that the required
bandwidth for upcoming media content within a media asset is high compared to the
rest of the media asset, download agent 40 may determine that the optimum download
paths are to source servers 5 that are geographically distant but experiencing low peak
download times compared to source servers 5 that are geographically proximate but
experiencing high peak download times. Other permutations and combinations of the
characteristics associated with source servers 5 may be possible and are contemplated
by this disclosure.

[0139] In some examples, download agent 40 may prefer to download media assets
from source servers 5 that are in the same autonomous system as client device 4.
Client device 4 may determine whether source server 5A is in the same autonomous
system based on the autonomous system number of client device 4, as one example.
Client device 4 may determine whether each one of source servers 5 are in the same
autonomous system as client device 4. In some examples, client device 4 may be of a
higher “privilege level” compared to other client devices attempting to download data
via network 8 (FIG. 1). The higher privilege level may be granted based on contract

fees that consumer 42 pays. The higher privilege level may allow client device 4 to
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download media assets from source servers 5 at a higher throughput. In other words,
the higher privilege level may allow client device 4 to download media assets from
source servers 5 that provide the highest throughput rate even if downloading media
assets from those source servers 5 increases the costs incurred by MCP 7. In such
examples, download agent 40 may account for its higher privilege level and select
source servers 5 accordingly.

[0140] In some examples, instead of download agent 40 performing the functions
described above, delivery information server 10 (FIG. 1) may perform substantially
similar functions as download agent 28. In such examples, client device 4 may output
a request to delivery information server for a media asset. In such examples, delivery
information server 10 may determine the required bandwidth of a media asset that
client device 4 wishes to download. Delivery information server 10 may track the
status and characteristics of source servers 5.

[0141] In some examples, after delivery information server 10 determines source
servers 5 from which client device 4 should download 1, delivery information server
10 outputs a request to the determined source servers 5 to output the media asset to
client device 4. For example, delivery information server 10 outputs a request based
on the timestamp or byte range of portions of the media asset to a plurality of source
servers 5. In response, the plurality of source servers 5 transmit the requested portions
of the media assets to client device 4.

[0142] Alternatively, delivery information 10 may transmit a response to client device
4 indicating which source servers 5 client device 4 should download from and how
much data client device 4 should download from each of those source servers 5. For
example, delivery information server 10 may output the filename and the duration of
the portion that client device 4 should download from source server SA. Delivery
information server 10 may also output the filename and the duration of the portion that
client device 4 should download from source server 5B.

[0143] As described above, in some examples, delivery information server 10 may
perform steps substantially similar to those of download agent 40 described above. In

such examples, download agent 40 may only receive the portions of the media asset.
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However, delivery information server 10 may not be necessary in all examples.
Delivery information server 10 is provided only for illustration purposes.

[0144] FIG. 5 is a block diagram illustrating an exemplary download agent 40
connected to source servers 5. For clarity, the other components on client device 4
have been omitted to show the relationship between download agent 40 and source
servers 5. In the example embodiment, download agent 40 includes stream agent 44,
source manager 46, and temporal metadata module 48. For purpose of example,
media player 38 is shown as external to download agent 40, however, as described
above, download agent 40 may encapsulate media player 38.

[0145] As shown in FIG. 5, download agent 40 provides content to media player 38
via a single TCP connection 42 internal to client device 4. Download agent 40 may,
for example, open and maintain a single socket connection for communication of
downloaded media content to media player via TCP connection 42. In this example,
TCP connection 42 may be a standard transmission control protocol (TCP) connection
used in Open Systems Interconnection Basic Reference Model (OSI). TCP connection
42 remains constant between media player 38 and download agent 40 regardless of
which source servers 5 a particular media asset is being downloaded from by
download agent 40; download agent 40 seamlessly splices the media assets onto TCP
connection 42 so that media player 38 is unaware of any dynamic switches selected by
download agent 40.

[0146] MCP 7 may include a plurality of source servers 5 that generally store media
assets. As shown in FIG. 5, download agent 40 may initiate and establish a plurality
of different TCP connections 50A-50N (herein referred to as “TCP connections 50”)
through network 8 for downloading one or more media assets from source servers 5.
As shown in FIG. 5, cach one of TCP connections 50 connects to cach one of source
servers 5, respectively. In some examples, there may be more than one connection
from download agent 40 to one of source servers 5. Furthermore, download agent 40
may establish TCP connections 50 only with source servers 5 that are deemed to be in
the available stated (FIG. 3). If a source server 5 is not in the available state,

download agent 40 may disable the TCP connection with that source server 5.
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[0147] In general, source manager 46 handles connection management for access and
retrieval of data from media assets stored on source servers 5. Source manager 46
handles all specific implementation details necessary for acquiring the media asset and
providing the data to stream agent 44. In this example, source manager 46 implements
a plurality of TCP network stacks and may concurrently handle multiple TCP
connections 42 to source servers 5. Source manager 46 multiplexes the input data
streams from source servers 5 as directed by stream agent 44 in examples where
download agent 40 download the media asset in parallel from different source servers
5. In examples where download agent 40 sequentially downloads the media assets
from different source servers 5, source manager 46 slices together the different
portions of the media assets.

[0148] To handle all specific implementation details necessary for acquiring the media
asset, source manager 46 may monitor the characteristics of the data flowing from
cach of the different paths using an internal flow manager. The flow manager may be
responsible for starting the download of media assets from the various paths,
cancelling the download of media assets from the various paths, and determining how
much of media file should be downloaded from which source servers 5 and at what
time. The flow manager represents the paths to the sources as an inverted tree having
a plurality of nodes arranged into different levels. The flow manager of source
manager 46 may determine the flow characteristics at different nodes at four levels.
The four levels, starting from bottom to top, may be flow channel nodes, data source
group nodes, super data source group nodes, and a root node. Each node may track
the number of bytes received at that node as well as the rate at which those bytes are
received (e.g., the throughput rate of the received bytes). A node at a given level may
contain aggregate data for all the nodes below it. Accordingly, the root node may
provide a continuous value for the total throughput of the system, e.g., the total
throughput rate at which client device 4 receives the data.

[0149] The flow channel node may be the actual paths to source servers 5. For
example, a first flow channel may be a path to source server 5A, a second flow

channel may be a path to source server 5B, and so on. The data coming through the
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flow channels, e.g., media assets or parts of media assets, may be inspected for correct
semantics. If there is error in the data from a particular flow channel, that flow
channel may be designated as failed, and no additional data may be downloaded via
that particular flow channel. There may be one or more flow channels associated with
cach data source node. For example, a first and second path may be associated with a
first data source group node, and a third and fourth path may be associated with a
second data source group node. The downloaded data from the flows may be
propagated to their corresponding data source group node.

[0150] A data source group node may collect runtime data from each flow channel
associated with the data source group node. For example, the data source group node
may collect timing estimators, ¢.g., estimate of how long it took to receive the data,
throughput rate, number of bytes received for each flow channel. In some examples,
the data source group node may also collect data such the amount of bandwidth
utilized by the various source servers 5.

[0151] Source servers 5 of each data source group node may be in a state of: untested,
test pending, untested retry, available, unavailable retry, available busy, and
unavailable. Source manager 46 may determine the status of each of source servers 5
as described in detail in the disclosure with respect to FIG. 3. Generally, source
manager 46 finds source servers 5 that are in the available state. Source servers 5 that
are in the available state may be suitable source servers 5 from which download agent
40 downloads.

[0152] Notably, before source manager 46 determines the characteristics of source
servers 5, source manager 46 may initially determine the state of each of source
servers 5. To determine the state of each source server 5, source manager 46 may
initially open a socket, e.g., TCP connection 50, to source server SA, as one example.
Source manager 46 may keep the socket open to determine whether source server SA
is in the available state. If source server 5A is determined to be in the available state,
e.g., after the test pending state, source manager 46 keeps the socket open to source
server SA until source manager 46 considers source server SA in the untested state.

During the test pending state and the untested retry state, source manager 46 may keep
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the socket open to source server SA until source manager 46 transitions source server
5A to the unavailable state. If source manager 46 transitions source server SA from
the available state to the available busy state or the unavailable retry state, source
manager 46 keeps the socket open to source server SA. However, if source server SA
is determined to be unavailable or was available but source manager 46 has
transitioned source server SA to the untested stated, source manager 46 may close the
socket to source server SA.

[0153] The super data source group node is a parent to the one or more of the data
source group nodes. At the super data source group node, source manager 46
determines the number of bytes received from each one of source server 5 as indicated
in the data source group nodes and the throughput rate of the source servers 5. At the
root node, all the data from the other nodes, ¢.g., flow channel, data source group, and
super data source group, may be ultimately funneled to the root node. Accordingly,
the root node may contain information regarding the status of source servers 5, e.g.,
state of source servers 5, the throughput rate of source servers 5, and which source
servers 5 should be downloaded from and at what time. The root node may also
receive information about the total throughput rate, e.g., the summation of the
throughput rate of each of source servers 5.

[0154] Additionally, in some examples, source manager 46 may also store the peak
download times for source servers 5, the geographical locations of source servers 5,
the billing contracts by MCP 7 for each of the source servers 5, and the autonomous
system number of source servers 5. Moreover, in some examples, source manager 46
may also store information related to the privilege level of client device 4 and the
client side autonomous system number.

[0155] Accordingly, source manager 46 continuously tracks the status and
characteristics of source servers 5. The status may indicate the state of source servers
5, and download agent 40 may only download from source servers 5 that are currently
in the available state. The characteristics may be considered as factors that download
agent 40 needs to consider when downloading from the various source servers 5.

Some of the characteristic information may need to be provided by source servers 5.
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For example, the peak download times, the geographic location, the autonomous
system numbers, and the billing characteristics. The geographic location and the
autonomous system numbers may be ascertained based on the IP addresses of source
servers 5. The peak download times and the billing characteristics information, ¢.g.,
the amount of bandwidth utilization by source servers 5, may be provided periodically
by source servers 5. Alternatively, source manager 46 may transmit a query to source
servers 5. In response, source servers 5 may transmit back information regarding their
peak download times and bandwidth utilization, as examples.

[0156] Based on the characteristics and state information, stream agent 44 may
determine from which source servers 5 to download the media assets. However,
before stream agent 44 can determine from which source servers 5 to download,
stream agent 44 may ascertain the required bandwidth for different portions of the
media assets. Stream agent 44 may determine from which source servers 5 to
download the media assets based on the status information and the required bandwidth
information.

[0157] Temporal metadata module 48 may determine the required bandwidth
information of the media asset. For non time-critical content, in some examples,
information of the timestamps and corresponding byte ranges or offsets of the media
asset at different portions may be stored as metadata that is separately downloadable
or may be stored in the initial portion of the media asset. In such examples, temporal
metadata module 48 may request stream agent 44 to output a request to download the
metadata from at least one of source servers 5 that are in the available state as
determined by source manager 48.

[0158] Generally, the metadata is short, and therefore does not require parallel
download. Stream agent 44 may output the request for the metadata from the source
server 5 that is determined to have the fastest throughput rate by source manager 46.
After receiving the metadata, stream agent 44 may store the metadata in temporal
metadata module 48. Temporal metadata module 48 then calculates the required
bandwidth for different portions of the media asset based on the stored metadata.

Temporal metadata module 48 then stores the required bandwidth information.
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[0159] To compute the bandwidth requirements for portions of the media asset
temporal metadata module 48 first determines the starting and ending byte offsets for
the portion of the media asset and the starting and ending portion of timestamps for the
portion of the media asset. Temporal metadata module 48 then subtracts the starting
byte offset from the ending byte offset to calculate the total bytes in the portion.
Temporal metadata module 48 subtracts the starting timestamp from the ending
timestamp to calculate the total duration of the portion. Temporal metadata module 48
multiplies the total byte in the portion by eight to calculate the total bits in the portion.
Temporal metadata module 48 then divides the total bits in the portion by the total
duration in the portion to calculate the required bandwidth for that portion. Stream
agent 44 may then utilize the required bandwidth information and the characteristics
determined by source manager 46 to determine how much of the media asset should
be download from which source servers 5.

[0160] In some examples, such as time-critical content, the metadata may not be
separately downloadable and may not be stored at the beginning of the media asset
because not all the media content is generated. Moreover, in some examples, even for
non time-critical content, the metadata may not be available, e.g., may not be
separately downloadable and may not be stored at the beginning of the media asset. In
such examples, temporal metadata module 48 may request stream agent 44 to output a
request to download the timestamps and corresponding byte ranges or offsets of
frames that are stored on source servers 5 but whose content has not be downloaded by
stream agent 44. Stream agent 44 may receive the metadata for the frames and
temporal metadata module 48 may store the metadata. Temporal metadata module 48
may then calculate the required bandwidth for different portions of the media asset
based on the stored metadata.

[0161] Alternatively, for time-critical content or non time-critical content, temporal
metadata module 48 may track required bandwidth for frames that have already been
downloaded to estimate the required bandwidth for upcoming frames that have not
been downloaded. For example, temporal metadata module 48 may keep continuous

average of the received bandwidth for all received frames. Based on the average,
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temporal metadata module 48 may calculate a standard deviation. Temporal metadata
module 48 may add the calculated standard deviation to the average required
bandwidth to estimate the required bandwidth for not yet downloaded frames. As
another example, rather than keeping a continuous average of the required bandwidth
for all received frames, temporal metadata module 48 may only average the required
bandwidth for 20 just received frames. 20 just received frames is provided only for
example, any number of previously downloaded frames may be used. Temporal
metadata module 48 may then calculate the standard deviation and add the standard
deviation to the average to estimate the required bandwidth for not yet received
frames. Generally, it may be more beneficial to utilize the required bandwidth
information for some of the previously downloaded frames rather than the required
bandwidth information for all of the previously downloaded frames. The required
bandwidth generally deviates substantially from its average required bandwidth during
rapid changes or during times when there is just speech and little movement in the
media content. Rapid changes or times when there is just speech in the media content
may be better indicated by the required bandwidth for some of the previous frames
rather than the average required bandwidth for all of the previous frames. Stream
agent 44 may then utilize the required bandwidth information and the characteristics
of source servers 5 determined by source manager 46 to determine how much of the
media asset should be download from which source servers 5.

[0162] For example, if the required bandwidth for a portion of the media asset is lower
relative to the average required bandwidth of the media asset, stream agent 44 may
select source servers 5 that have low throughput rate to download that portion of the
media asset. On the other hand, if the required bandwidth for a portion of the media
asset is higher relative to the average required bandwidth of the media asset, stream
agent 44 may select source servers 5 that have a higher throughput rate, but insure that
selection of these source servers 5 does not incur additional costs for the MCP 7 based
on the billing characteristics for those source servers 5. In some examples, stream
agent 44 may account for all the various characteristics and the required bandwidth

information stored in temporal metadata module 48 to determine how much of the
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media asset should be downloaded from which source servers 5. Some of the various
characteristics may compete against each other. For example, the peak download time
for a source server may be low when download agent 40 wishes to download media
assets; however, the geographic location for that source server may be distant
compared to a geographically proximate source server that is experiencing high peak
download times.

[0163] Accordingly, stream agent 44 may value different characteristics differently for
various examples. For example, stream agent 44 may value geographically proximity
more than peak download times. As another example, stream agent 44 may value
billing characteristics more than autonomous system numbers. There may be various
combinations and permutations of how much weight should be given to each
characteristic of source servers 5 and client device 4, e.g., privilege level and are
contemplated by this disclosure. Generally, stream agent 44 will give substantial
weight to the client privilege level. Also, the combination of client side autonomous
system number and source servers 5 geographic location may be very useful for
finding appropriate source servers 5 that may be off peak at geographic location of the
source servers 5 during peak times elsewhere. For example, a source server 5 located
in Minneapolis, Minnesota will have a different peak time than a source server 5
located in Tokyo, Japan because when it is daytime in Minnesota, it is nighttime in
Japan, and vice versa. The client side autonomous system number and the geographic
location of source servers 5 may allow MCP 7 to globally even out network peaks.
Furthermore, paths to eight source servers 5 in countries outside United States of
America and paths to four source servers 5 within the United States of America may
be optimum for a client device 4 that is within the United States of America. The eight
source servers 5 outside the United States of America and the four source servers 5
within the United States of America may be on different networks, e.g., via different
service providers 3 (FIG. 1).

[0164] In implementation, at the initial occurrence where client 42 (FIG. 4) requested
for media content, stream agent 44 may download metadata and calculate required

bandwidth information, in examples where the metadata is available, and some of the
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first media asset from source servers 5 that are determined to have the fastest
throughput rate as determined by source manager 46. At this initial point, stream
agent 44 does not evaluate the other characteristics. Stream agent 44 may not transmit
the data to media player 38 for display. Rather, stream agent 44 may temporally store
the information in a buffer of media player 38.

[0165] For time-critical content such as a live event certain tradeoffs may be
necessary to determine how much data should be initially downloaded. The more data
that is initially stored before being displayed allows stream agent 44 more time to
determine the optimum download paths from the various source servers 5. For
example, if client device 4 is delayed, i.e., backset, by 10 seconds worth of media
content, stream agent 44 may have additional time to determine optimal paths to
download the additional media content from source servers 5 as compared to a delay
of only 2 seconds worth of data. However, for live events like a sporting event,
consumer 42 may not desire to be delayed by this much amount, and would rather
view the live events closer to the now point of the live event. Accordingly, a balance
may be struck between how much to delay client device 4 versus the needed to finding
optimal paths. For non time-critical content where the required bandwidth
information is not available, stream agent may download large amounts of initial
media content because it may be immaterial to client 42 to be delayed a few seconds
before display starts.

[0166] Once stream agent 44 downloads the initial media content, stream agent 44
may then open a send window associated with the specific source server. The size of
the send window may be based on determinations made by stream agent 44. For
example, stream agent 44 may determine how much data to download from source
servers 5A, 5B, and 5D based on the required bandwidth information and the
characteristics determined by source manager 46. The size of the send window may
be the size of the portion of the media asset that needs to be downloaded from each of
source servers SA, 5B, and 5D. Stream agent 44 then causes source manager 46 to
transmit a request to the appropriate source servers 5, e.g., source servers 5A, 5B, and

5D.
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[0167] In the context of video, the media assets typically contain a plurality of video
frames encoded in accordance with a video compression scheme. One type of frame is
referred to as a key frame or intra picture that can be decoded without reference to
other frames and may, for example, provide an entire encoded picture. The term “key
frame” is used herein to generally refer to this type of frame within an encoded media
stream. In the context of H.264 coding, key frames are referred to as “i-frames.”
Between each key frame are predicted pictures or bi-predicted pictures that generally
contain image data and motion vector displacements that are relative to the previous
key frame in the media file. Each key frame may be associated with a timestamp. A
timestamp is the temporal location of the key frame, i.e. the amount of time the media
file is played before it reaches the key frame. Instead of a timestamp, each key frame
may be associated with byte ranges, i.c., the amount of bytes played before it reaches
the key frame. The size of the send window may be based on the timestamp or byte
ranges.

[0168] Stream agent 44 then opens a receive window and closes the send window.
The receive window may multiplex the portions of the media asset downloaded in
parallel from the source servers 5, as one non-limiting example. The size of the
receive window may be the total size of the send window, ¢.g., the total of the size
from source servers SA, 5B, and 5D. Stream agent 44 then opens a verify window.
Stream agent 44 receives the data and in the verify window ensures the data is
correctly received without errors. Stream agent 44 in the verify window may verify
the bytes by a verification process. Stream agent 44 in the verify window may
determine if there are corrupt bytes. The corrupt bytes are bytes that failed the
verification process.

[0169] Once the bytes have been verified, stream agent 44 closes the receive and
verify windows and opens a consume window. The consume window takes in the
multiplexed data and provides the data to media player 38. Stream agent 44 then
closes the consume window. Media player 38 then displays the data to consumer 42.

In this manner, stream agent 44 continuously opens and closes various windows in a
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sliding window fashion to receive the various portions of the media asset from the
various Source servers 5.

[0170] Stream agent 44 may be preprogrammed to perform actions on specific media
file formats such as Flash Format (FLV) used by Adobe Flash Player, provided by
Adobe Systems, Inc., Advanced System Format (ASF) used by Windows Media
Player, provided by Microsoft Inc., or other media file formats. Stream agent 44 may
also ensure that download from each one of source servers 5 is forecasted based on
conditions and that the resultant data stream are stitched together at temporally
correlated key frames. In this manner, consumer 42 viewing media player 38 may be
oblivious to the automated functions of download agent 40.

[0171] FIG. 6 is a flow diagram illustrating an example operation of download agent
40. For purposes of illustration reference will be made to FIG. 5. As described, source
manager 46 continuously determines the status of each of source servers 5 and updates
the state data within the tree data structure to represent a state for each of the source
servers (52). As described in more detail with respect to FIG. 3, source manager 46
may continuously test each of the source servers 5 and classify each of source servers
5 in one of an untested state, test pending state, untested retry state, available state,
unavailable retry state, available busy state, or an unavailable state.

[0172] Source manager 46 may then continuously determine and maintain state data
representing certain characteristics of the available source servers (54). The
characteristics may include throughput rates of source servers 5, peak download times
of source servers 5, geographic location of the source servers 5, the privilege level of
client device 4, client-side autonomous system (AS) number, bandwidth utilization for
billing of source servers 3, e.g., 95/5 billing, and the like. The characteristics of
source servers 5 may be considered as factors that are evaluated by stream agent 44 to
determine how much data should be downloaded from which source servers.

[0173] Temporal metadata module 48 may determine the required bandwidth
information of the media asset. In some example, temporal metadata module 48 may
request stream agent 44 to output a request to download metadata from at least one of

source servers 5. Temporal metadata module 48 may store the metadata. The
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metadata may indicate the timestamps and corresponding byte ranges or offsets at
various portions of the media asset. Temporal metadata module 48 then calculates the
require bandwidth for the various portions based on the timestamps and corresponding
byte ranges or offsets (56). In some examples, the portions may be divided at key
frames. The key frames may be indicated by timestamps or byte ranges. The
metadata may be separately downloadable or may be embedded at the beginning of the
media asset.

[0174] In some examples, the metadata may not available. In such examples,
temporal metadata module 48 may request stream agent 44 to output a request to
receive metadata information located in headers of encoded frames. Stream agent 44
does not request the content of the frames, just the header portion that indicates the
timestamps and corresponding byte ranges or offsets. Temporal metadata module 48
may store the metadata. Temporal metadata module 48 then calculates the required
bandwidth based on the timestamps and corresponding byte ranges. Alternatively,
rather than downloading the metadata information from a frame, temporal metadata
module 48 may estimate the bandwidth of upcoming frames based on the required
bandwidth of previously downloaded frames.

[0175] Stream agent 44 may then determine how much of the media asset should be
downloaded from which source servers 5 (58). Stream agent 44 may check the
required bandwidth information stored in temporal metadata module 48 and the status
and characteristics of source servers 5 determined by source manager 46. Stream
agent 44 may then weigh the various characteristics and determine the optimum paths
to source servers 5 and determine how much data should be downloaded from those
source servers 5.

[0176] Stream agent 44 may then transmit a request to the determined source server 5
(60). After stream agent 44 determines how much data should be downloaded from
which source servers 5, stream agent 44 may transmit a request to each of those source
servers 5 identifying the temporal range or byte range of data that stream agent 44

desires to download from the determined optimum source servers 5.

62



WO 2010/141460 PCT/US2010/036889
Docket No.: 1060-010WO01

[0177] Stream agent 44 may receive the requested data from the various source
servers 5. Stream agent 44 may then serialize the data from the different source
servers 5 and verify to ensure there are not corrupt bytes (62). Stream agent 44 may
then transmit the serialized data to media player 38. Media player 38 then displays the
media content to client 42 (64).

[0178] FIG. 7 is a flow diagram illustrating an example operation of stream agent 44.
Stream agent 44 initially downloads some media content from the source servers 5 that
experience the highest throughput rates (66). Once stream agent 44 downloads the
initial media content, stream agent 44 may then open a send window for each of the
connections to the selected source servers (68). The size of the send window may be
based on determinations made by stream agent 44. The size of the send window may
be the size of the portion of the media asset that needs to be downloaded from each of
source servers 5. Stream agent 44 then causes source manager 46 to transmit a request
to the appropriate source servers 5 (70).

[0179] Stream agent 44 then opens a receive window and closes the send window
(72). The receive window may multiplex the portions of the media asset downloaded
from the source servers 5. The size of the receive window may be the total size of the
send window. Stream agent 44 then opens a verify window (74). Stream agent 44
receives the data and in the verify window ensures the data is correctly received
without errors. Stream agent 44 in the verify window may verify the bytes by a
verification process. Stream agent 44 in the verify window may determine if there are
corrupt bytes. The corrupt bytes are bytes that failed the verification process.

[0180] Once the bytes have been verified, stream agent 44 closes the receive and
verify windows and opens a consume window (76). The consume window takes in the
multiplexed data and provides the data to media player 38 (78). Stream agent 44 then
closes the consume window. Media player 38 then displays the data to consumer 42.
In this manner, stream agent 44 continuously opens and closes various windows in a
sliding window fashion to receive the various portions of the media asset from the

various source servers 5.
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[0181] As described so far, download agent 40 may determine the optimum paths to
download media assets from source servers 5. However, in some examples, source
servers 5 may not be capable of providing the media asset in a timely fashion. For
example, the total throughput from all of source servers 5 could be less than the
required bandwidth of a media asset. In such examples, download agent 40 may be
capable of selecting different media assets such that source servers 5 can provide the
media asset to client device 4 in a timely fashion.

[0182] As described above, each one of source servers 5 store copies of media assets
that are encoded based on a VBR technique. In some examples, each of source servers
5 may store additional media assets that encoded based on VBR techniques. However,
the required bandwidth for these additional media assets may be less than the required
bandwidth for the original media assets. The additional media assets may be encoded
for a playback rate that is less than the playback rate of the original media assets. In
other words, source servers 5 may store a first set of media assets and store a second
set of media assets that are encoded for a lower playback rate than the first set of
media assets. Both the first and second sets of media assets may be encoded using
VBR techniques. Notably, the media content between the first and second sets of
media assets may be the same. Generally the media assets encoded for a lower
playback rates provide lower quality video compared to media assets encoded for a
higher playback rates. Accordingly, download agent 40 may first try to download
media assets with the highest quality. However, if such media assets cannot be
downloaded in a timely fashion or in a fashion that does not increase the costs incurred
by MCP 7, download agent 40 may select media assets encoded for a lower playback
rate so that the media content can be downloaded.

[0183] In such examples, if download agent 40 cannot find suitable paths to source
servers 5 so that the fist set of media assets can be downloaded in a timely fashion
without increasing costs, download agent 40 may dynamically transition from the first
set of media assets to the second set of media assets. Stream agent 44 may
dynamically switch from the first set of media assets to the second set of media assets

at appropriate key frames.
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[0184] To dynamically switch from the first set of media assets to the second set of
media assets, temporal metadata module 48 may first determine the required
bandwidth information for the second set of media assets utilizing similar techniques
as those described above. Next, temporal metadata module 48 correlates timestamps
for key frames for the different sets of media assets to byte offsets in the various
encoded media asset bandwidths. For example, temporal metadata module 48 may be
arranged as an array or other data structure that identifies sets of key frames having
substantially similar time offsets within the media to be presented (e.g., a first set of
key frames having a key frame selected from each of the media assets at
approximately 3 seconds of playback, a second set of key frames associated with
approximately 7 seconds of playback, and the like). Temporal metadata module 48
then correlates the key frames of each of the sets to appropriate byte offsets. In this
way, the byte offsets within media assets for temporally proximate key frames are
correlated and stored within temporal metadata module 48. An example technique for
correlating the time stamps to key frames is provided in application no. 12/252,782,
entitled “MEDIA PLAYBACK POINT SEEKING USING DATA RANGE
REQUESTS,” filed October 16, 2008, which claims priority to 60/981,164, filed
October 19, 2007.

[0185] In such examples, stream agent 44 splices the data from the different media
assets encoded for different playback rates at key frames. Stream agent 44 then
provides the spliced stream to media player 38 for presentation to client 42.

[0186] The techniques described herein may be implemented in hardware, software,
firmware, or any combination thereof. Various features described as modules, units or
components may be implemented together in an integrated logic device or separately
as discrete but interoperable logic devices or other hardware devices, including optical
hardware components. In some cases, various features of electronic circuitry may be
implemented as one or more integrated circuit devices, such as an integrated circuit
chip or chipset.

[0187] If implemented in hardware, this disclosure may be directed to an apparatus

such a processor or an integrated circuit device, such as an integrated circuit chip or
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chipset. Alternatively or additionally, if implemented in software, the techniques may
be realized at least in part by a computer-readable medium comprising instructions
that, when executed, cause a processor to perform one or more of the methods
described above. For example, the computer-readable medium may store such
instructions.

[0188] A computer-readable medium may form part of a computer program product,
which may include packaging materials. A computer-readable medium may comprise
a computer data storage medium such as RAM, SDRAM, ROM, NVRAM, EEPROM,
FLASH memory, magnetic or optical data storage media, and the like. The techniques
additionally, or alternatively, may be realized at least in part by a computer-readable
communication medium that carries or communicates code in the form of instructions
or data structures and that can be accessed, read, and/or executed by a computer.
[0189] The code or instructions may be executed by processing circuitry including one
or more processors, such as one or more DSPs, general purpose microprocessors,
ASICs, FPGAs, ASSPs, or other equivalent integrated or discrete logic circuitry.
Accordingly, the term “processor,” as used herein may refer to any of the foregoing
structure or any other structure suitable for implementation of the techniques described
herein. In addition, in some aspects, functionality described in this disclosure may be

provided within software modules or hardware modules.
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CLAIMS:

1. A method comprising:

determining, with a client computing device, a status and characteristics of a
plurality of source servers;

computing, with the client computing device, a bandwidth required to
download a first portion of a media asset stored on the plurality of source servers,
wherein the first portion corresponds to data for a specific playback time period of the
media asset;

determining, with the client computing device, how much of the first portion of
the media asset to download from a plurality of selected ones of the source servers
based on the status and characteristics of the plurality of source servers and the
computed bandwidth for transmitting the first portion of the media asset;

transmitting, from the client computing device, a plurality of requests for the
first portion of the media asset to the plurality selected source servers, wherein each of
the requests specifies how much of the first portion to download from each of the
selected ones of the source servers;

receiving the first portion of the media asset from the selected ones of the
plurality of source servers; and

displaying the first portion of the media asset with the client device via a media

player.
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2. The method of claim 1, further comprising:

continuously determining, with the client computing device, the status and
characteristics of a plurality of source servers;

computing, with the client computing device, a bandwidth required to
download a second portion of a media asset stored on the plurality of source servers,
wherein the second portion corresponds to data for a specific playback time period of
the media asset that temporally follows the playback time period of the first media
asset;

determining, with the client computing device, how much of the second
portion of the media asset to download from a plurality of selected ones of the source
servers based on the status and characteristics of the plurality of source servers and the
computed bandwidth for transmitting the second portion of the media asset;

transmitting, from the client computing device, a plurality of requests for the
second portion of the media asset to the plurality selected source servers, wherein each
of the requests specifies how much of the second portion to download from each of the
selected ones of the source servers;

receiving the second portion of the media asset from the selected ones of the
plurality of source servers; and

displaying the second portion of the media asset with the client device via the
media player after the media player has finished displaying the first portion of the

media asset.

3. The method of claim 1, wherein receiving the first portion of the media asset
comprises:

serializing the first portion of the media asset received from the plurality of
selected source servers into a stream; and

verifying the stream to determine whether there are corrupt bytes.
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4. The method of claim 1, further comprising:

monitoring the plurality of servers with the client device; and

maintaining, with the client device, state data for each of the source servers to
represent the status of each of the source servers,

wherein the status of the plurality of source servers comprises at least one of an
untested state, a test pending state, an untested retry state, an available state, an

unavailable retry state, an available busy state, and an unavailable state.

5. The method of claim 4, wherein determining how much of the media asset to
download from which of the source servers comprises determining how much of the

media asset to download from source servers in the available state.

6. The method of claim 1, wherein the characteristics of the plurality of source
servers comprises one or more of throughput rates of the source servers, peak
download times of source servers, geographic location of the source servers, the
privilege level of a client device, client-side autonomous system (AS) number, and

bandwidth utilization for billing of the source servers.

7. The method of claim 1, wherein one or more of the characteristics of the

plurality of source servers is provided by the source servers.

8. The method of claim 1, wherein the portions of the media assets are based on

key frames of the media assets.
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9. The method of claim 1, wherein computing the bandwidth required to
download the first portion of the media asset comprises:

downloading metadata from at least one of the source servers, wherein the
metadata describes timestamps and corresponding byte offsets for content of the media
asset; and

computing the required bandwidth for the first portion based on starting and
ending byte offsets for the first portion and starting and ending timestamps for the first

portion.

10. The method of claim 9, wherein the metadata is separately downloadable.

11.  The method of claim 9, wherein the metadata is embedded at the beginning of

the media asset.

12. The method of claim 1, wherein computing the bandwidth required to
download the first portion of the media asset comprises:

downloading header information from encoded frames yet to be downloaded,
wherein the encoded frames represent the first portion, wherein content of the frames
has not been downloaded, and wherein the header information indicates timestamps
and corresponding byte offsets for the encoded frames; and

computing the required bandwidth for the first portion based on starting and
ending byte offsets for the encoded frames and starting and ending timestamps for the

encoded frames.
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13.  The method of claim 1, wherein computing the bandwidth required to
download the first portion of the media asset comprises:
tracking a required bandwidth for previously downloaded frames;
averaging the required bandwidth for previously downloaded frames;
calculating a standard deviation based on the average of the required
bandwidth for previously downloaded frames; and
estimating the required bandwidth based on the average and standard

deviation.

14.  The method of claim 1, wherein the media asset is encoded utilizing a variable

bit rate (VBR) encoding technique.

15.  The method of claim 1, wherein the media asset comprises time-critical

content.

16.  The method of claim 1, wherein the media asset comprises non time-critical

content.

17. A device comprising:

a source manager that determines a status and characteristics of a plurality of
SOUICE SErvers;

a temporal metadata module that computes a bandwidth required to download
a first portion of a media asset stored on the plurality of source servers, wherein the
first portion corresponds to data for a specific playback time period of the media asset;
and

a stream agent that determines how much of the first portion of the media asset
to download from a plurality of selected ones of the source servers based on the status
and characteristics of the plurality of source servers and the computed bandwidth for

transmitting the first portion of the media asset.

71



WO 2010/141460 PCT/US2010/036889

Docket No.: 1060-010WO01

18. The device of claim 17, wherein:

the source manager continuously determines the status and characteristics of
the plurality of source servers,

the temporal metadata module computes a bandwidth required to download a
second portion of a media asset stored on the plurality of source servers, wherein the
second portion corresponds to data for a specific playback time period of the media
asset that temporally follows the playback time period of the first media asset, and

the stream agent determines how much of the second portion of the media asset
to download from a plurality of selected ones of the source servers based on the status
and characteristics of the plurality of source servers and the computed bandwidth for

transmitting the second portion of the media asset.

19.  The device of claim 17, wherein the stream agent:

transmits a plurality of requests for the first portion of the media asset to the
plurality of selected source servers, via the source manager, wherein each of the
requests specifies how much of the first portion to download from each of the selected
ones of the source servers;

receives the first portion of the media asset from the selected ones of the
plurality of source servers; and

provides the first portion of the media asset to a media player.
20.  The device of claim 19, wherein the stream agent receives the first portion of
the media asset by serializing the first portion of the media assets received form the
plurality of selected source servers into a stream, and verifying the stream to

determine whether there are corrupt bytes.
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21.  The device of claim 17, wherein the source manager monitors the plurality of
servers, maintains state data for each of the source servers to represent the status of
cach of the source servers, and wherein the status of the plurality of source servers
comprises at least one of an untested state, a test pending state, an untested retry state,
an available state, an unavailable retry state, an available busy state, and an

unavailable state.

22.  The device of claim 21, wherein the stream agent determines how much of the
media asset to download from which of the source servers based on source servers that

are in the available state.

23.  The device of claim 17, wherein the characteristics of the plurality of source
servers comprises one or more of throughput rates of the source servers, peak
download times of source servers, geographic location of the source servers, the
privilege level of a client device, client-side autonomous system (AS) number, and

bandwidth utilization for billing of the source servers.

24. The device of claim 17, wherein one or more of the characteristics of the

plurality of source servers is provided by the source servers.

25.  The device of claim 17, wherein the portions of the media assets are based on

key frames of the media assets.

26. The device of claim 17, wherein the temporal metadata module computes the
bandwidth required to download the first portion of the media asset by requesting the
stream agent to download metadata from at least one of the source servers, wherein the
metadata describes timestamps and corresponding byte offsets for content of the media
asset, and computing the required bandwidth for the first portion based on starting and
ending byte offsets for the first portion and starting and ending timestamps for the first

portion.
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27.  The device of claim 26, wherein the metadata is separately downloadable.

28.  The device of claim 26, wherein the metadata is embedded at the beginning of

the media asset.

29.  The device of claim 17, wherein the temporal metadata module computes the
bandwidth required to download the first portion of the media asset by downloading
header information from encoded frames yet to be downloaded, wherein the encoded
frames represent the first portion, wherein content of the frames has not been
downloaded, and wherein the header information indicates timestamps and
corresponding byte offsets for the encoded frames, and computing the required
bandwidth for the first portion based on starting and ending byte offsets for the

encoded frames and starting and ending byte offsets for the encoded frames.

30.  The device of claim 17, wherein the temporal metadata module computes the
bandwidth required to download the first portion of the media asset by tracking a
required bandwidth for previously downloaded frames, averaging the required
bandwidth for previously downloaded frames, calculating a standard deviation based
on the average of the required bandwidth for previously downloaded frames, and

estimating the required bandwidth based on the average and standard deviation.

31.  The device of claim 17, wherein the media asset is encoded utilizing a variable

bit rate (VBR) encoding technique.

32.  The device of claim 17, wherein the media asset comprises time-critical

content.

33.  The device of claim 17, wherein the media asset comprises non time-critical

content.
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34.  The device of claim 17, wherein the device comprises at least one of a personal
computer, a laptop computer, a mobile telephone, a personal media player, a device
integrated into a vehicle, a network telephone, a network television, a television set-

top box, and a network appliance.

35. A computer readable storage medium comprising instructions that cause one or
more processors to:

determine a status and characteristics of a plurality of source servers;

compute a bandwidth required to download a first portion of a media asset
stored on the plurality of source servers, wherein the first portion corresponds to data
for a specific playback time period of the media asset; and

determine how much of the first portion of the media asset to download from a
plurality of selected ones of the source servers based on the status and characteristics
of the plurality of source servers and the computed bandwidth for transmitting the first

portion of the media asset.

36.  An apparatus comprising:

means for determining a status and characteristics of a plurality of source
servers;

means for computing a bandwidth required to download a first portion of a
media asset stored on the plurality of source servers, wherein the first portion
corresponds to data for a specific playback time period of the media asset; and

means for determining how much of the first portion of the media asset to
download from a plurality of selected ones of the source servers based on the status
and characteristics of the plurality of source servers and the computed bandwidth for

transmitting the first portion of the media asset.
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