
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
18 June 2009 (18.06.2009) PCT WO 2009/075766 A2

(51) International Patent Classification: Minneapolis, MN 55419 (US). CHAPWESKE, Justin, F.
H04N 7/173 (2006.01) H04L 29/06 (2006.01) [US/US]; 530 Dover St. NE, Fridley, MN 55432 (US).
H04N 7124 (2006.01)

(74) Agent: SIEFFERT, Kent, J.; Shumaker & Sieffert, P.A.,
(21) International Application Number: 1625 Radio Drive, Suite 300, Woodbury, MN 55125 (US).

PCT/US2008/013368
(81) Designated States (unless otherwise indicated, for every

(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
4 December 2008 (04.12.2008) AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,

CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
(25) Filing Language: English

EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
(26) Publication Language: English IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,(30) Priority Data:
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,60/992,471 5 December 2007 (05 .12.2007) US
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,TJ,

(71) Applicant (for all designated States except US): SWARM- TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
CAST, INC. [US/US]; 615 1st Ave. NE, Suite 330, M in ZW
neapolis, MN 55413 (US).

(84) Designated States (unless otherwise indicated, for every
(72) Inventors; and kind of regional protection available): ARIPO (BW, GH,
(75) Inventors/Applicants (for US only): WORMLEY, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

Nicholas [US/US]; 300 Wall St. #403, St. Paul, MN ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
55101 (US). BRASE, Ryan [US/US]; 330 E. 50th St., European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: DYNAMIC BIT RATE SCALING

(57) Abstract: The invention provides for a download
agent executing on a computing device to dynamically
select between media files with different media quality
for delivery of media content provided by a media content
provider. The download agent may select between different
media files with similar content but different quality based
on a playback rate of the media file, the resolution of the
media file, or the encoding scheme of the media file. The
download agent may seamlessly transition from one media

r file to another media file at key frames to avoid any motion
artifacts and to avoid requiring a user to restart the media
file.

FIG. 2



FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL, Published:
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, — without international search report and to be republished
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). upon receipt of that report



DYNAMIC BIT RATE SCALING

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 to users via one or more

computer networks. Generally, individual users (e.g., subscribers) receive media

content from media content providers through one or more point to point network

links and display the media content via a media player. The displaying of media

content is referred to as playback.

[0003] Point to point network links have an established maximum throughput rate

as measured in bits per second; the established maximum throughput rate owing to

either underlying technology of the link or contracted service levels for the users.

Actual throughput rate is the throughput rate at which the network and its point to

point links actually convey the data from the content provider to the individual

user. The actual throughput rate to the user may only be a fraction of the

maximum throughput rate based on environmental conditions and competing

network traffic.

[0004] Since the actual throughput rate may vary based on environmental

conditions and competing network traffic, the rate at which a subscriber'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 network throughput bit rate from the media content provider. 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 (i.e, the device

used to display the media content to the subscriber), 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.

SUMMARY

[0005] In general, the invention provides a download agent executing on a

computing device of a user (i.e., subscriber) to dynamically select between

different playback rates for delivery of media content provided by a media content

provider. As used herein the term "playback rate" refers to the rate at which the

media content is played back by the computing device. For example, the

subscriber-side download agent is capable of dynamically interrupting download

and playback of current media content and initiating download of the same media

at a different playback rate representation. The subscriber-side switch of playback

rate presentation is forecasted and executed such that a seamless transition occurs

from the current playback rate representation of the media to the new playback rate

representation at the same time-based playback point within both representations.

[0006] In one embodiment, the invention is directed to a method comprising,

determining playback status of a media player, selecting a different media file

based on the playback status, determining whether current media file is at a key

frame, and playing the different media file when current media file is at the key

frame.

[0007] In another embodiment, the invention is directed to a download agent

comprising, a playback controller coupled to a media player and a stream agent,

the stream agent coupled to the media player and the playback controller, and a

temporal metadata unit coupled to the stream agent.

[0008] In another embodiment, the invention is directed to a device comprising, a

memory unit comprising a download agent, and at least one processor coupled to

the memory unit, a presentation unit, and a network interface unit, wherein the

download agent includes a playback controller coupled to a media player and a



stream agent, the stream agent coupled to the media player and the playback

controller, and a temporal metadata unit coupled to the stream agent.

[0009] In another embodiment, the invention is directed to a computer-readable

medium containing instructions. The instructions cause a programmable processor

to determine playback status of a media player, select a different media file based

on the playback status, determine whether current media file is at a key frame, and

play the different media file when current media file is at the key frame.

[0010] The details of one or more embodiments of the invention are set forth in the

accompanying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the description and drawings,

and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a block diagram illustrating an exemplary system in which a

download agent dynamically selects media files from a media server.

[0012] FIG. 2 is a block diagram illustrating an exemplary download agent

connected to a media server.

[0013] FIG. 3 is a flowchart illustrating an example operation of the download

agent.

[0014] FIG. 4 is a flow chart illustrating example operation of download agent

when dynamically transitioning between different bit rate representations of the

media.

DETAILED DESCRIPTION

[0015] A media server stores media content in a media asset (e.g. a media file).

The server may be operated by a media content provider. The media asset may be

encoded for a certain playback rate. The term "playback rate" as used herein refers

to the rate at which a computing device should playback the media content. A

computing device, such as a client device, downloads a media asset from the server

and plays back the media asset via a media player. If the rate at which the client

device receives the media asset from the server, i.e., throughput rate, is less than

the rate at which the client device is playing back the media asset, i.e., playback

rate, the media player may pause displaying the media asset, and may buffer or re-



buffer additional data before it starts to display the media asset again. Notably,

playback rate and throughput rate should not be confused. To reiterate, playback

rate is the rate at which the computing device should playback the media content.

Throughput rate is the rate at which the computing device receives the media

content. As described above, in other situations, the client device (i.e, the device

used to display the media content to the subscriber), 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.

[0016] One conventional technique utilized by media content providers to avoid

buffering dropping of data, or slowing of playback includes providing the user with

either the option of selecting an alternate playback rate (e.g., high or low quality)

based on their particular point-to-point throughput rate or selecting a default

playback rate. In accordance with the conventional technique, during playback if

the selected playback rate or default playback rate exceeds the network throughput

rate or the computing resources of the client device displaying the media content,

the user has to explicitly begin playback of the media content at a reduced

playback rate 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 selected playback rate or default

playback rate exceeds the network throughput rate or the computing resources of

the device can drastically reduce the enjoyment of the media content.

[0017] Another conventional technique utilized by media content providers to

avoid buffering, dropping of data, or slowing of playback includes the media

player transmitting playback status to the media content provider. The playback

status can be the buffering time, the number of frames dropped, or the playback

rate. The media content provider dynamically varies the playback rate of the

media content to avoid buffering, dropping data, or slowing playback. However



this conventional technique has the negative consequence of requiring a separate

content stream tailored for each recipient.

[0018] In accordance with this disclosure, the media server may store different

representation of the media asset as media files. Each of the media files contains

substantially similar media content, but may be encoded for different playback

rates. For example, a first media file may be encoded for a playback rate of 1

megabit per second. A second media file may contain substantially the same media

content as the first media file, but may be encoded for a playback rate of 2

megabits per second.

[0019] In general, the invention provides a download agent executing on a

computing device of a user (i.e., subscriber) to dynamically select between media

files encoded for different playback rates for delivery of media content provided by

a media content provider. For example, the subscriber-side download agent is

capable of dynamically interrupting download and playback of current media

content and initiating download of the same media at a different playback rate

representation. The subscriber-side switch of playback rate presentation is

forecasted and executed such that a seamless transition occurs from the current

playback rate representation of the media to the new playback rate representation

at the same time-based playback point within both representations. As a result, the

transition is seamless to the end-user without introducing delay or jitter and

without requiring restart of the content delivery, as is required in conventional

techniques. Moreover, the subscriber-side initiation of the dynamic transition

between playback rate representations may avoid any requirement that the

subscriber device report download and playback quality to the media content

provider or other listening server, as is required in conventional techniques.

[0020] In some instances, download agent may dynamically select between

different media assets (e.g., media files) that contain substantially similar media

content; however, the visual quality of the content may vary for the different media

files. Generally, a media file that provides higher visual quality compared to other

media files requires more bits to be displayed in the same amount of time

compared to other media files. Accordingly, a higher visual quality media file is

encoded for a higher playback rate compared to a lower visual quality media file.



As described above, the media server may store media files that contain

substantially the same media content, but are encoded for different playback rates.

Accordingly, a media file encoded for a higher playback rate may provide better

visual quality compared to a media file encoded for a lower playback rate even

though the media file encoded for the higher playback rate contains substantially

the same media content as the media file encoded for the lower playback rate.

[0021] In one example implementation, the download agent executing on the end

user's computing device may dynamically select and transition between a higher

quality media file and a lower quality media file based on the actual throughput

rate of the network link over which the media content is received and/or utilization

of the computing devices' resources. When the playback rate according to the

"real time" of the context exceeds the actual throughput rate at which the context is

downloaded, the download agent may automatically transition to a lower quality

media file to prevent buffering or re-buffering. When the actual throughput rate at

which the content is received exceeds the playback rate for a sufficient amount of

time such that a threshold amount of content has been buffered and not yet played,

the download agent may automatically select and transition to a higher quality

media file. Similarly, the download agent may dynamically and seamlessly

transition between media files of different quality based on the utilization of the

client device computing resources relative to the actual throughput rate of the

media content. For any of these transitions, the download agent forecasts the need

for the transition, initiates the download from the media file at a location within the

new media file other than the start of the media file such that the media content can

be presented at the new playback rate at the determined cut-over point.

[0022] In one implementation, the download agent executing on the user's

machine coordinates and initiates dynamic transition such that the cut-over

between playback rates occurs at a video frame in both the original and new

playback rate representations that is not dependent on other video frames within

the stream. For example, the download agent may forecast and initiate the

download of the media content at the new playback rate such that the switchover

can occur at a subsequent (i.e, not yet played) frame within the media content; such



frame being a "key frame" or "intra picture" or "intra frame" in the media for

which the encoding is not based on a reference to any other picture or frame.

[0023] For example, various media content providers may have one or more media

files each having similar content, but the quality and playback rate of each file may

vary. In the context of video, each media file 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. 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 pictures or bi-predicted pictures that generally contain image data and

motion vector displacements that are relative to a previous key frame in the stream.

As described herein, the download agent executing on the user's machine

coordinates and initiates dynamic transition such that the cut-over between

playback rates occurs at a video frame that is not dependent on other video frames

within the stream, i.e., a key frame.

[0024] Dynamically selecting and splicing media from different media files with

similar media content but varying quality may provide the advantage of avoiding

buffering, dropping of data, or slowing of playback. Moreover, the techniques also

avoid any requirement that the user restart the media file from beginning when the

actual throughput rate is not ideal. Furthermore, the techniques described herein

allows the media content to seamlessly transition from the original playback rate to

a new playback rate so that the time-based playback point is the same in both

media contents at the time of cut-over. This allows varying the playback rate

without creating jerkiness, missed portions of the media, duplicate portions of the

media, or other motion artifacts.

[0025] Furthermore, the communication between the server and client device need

not be completely customized for the user. This allows for high cache efficiency

by keeping the responses for all users identical for the ranges of data being

requested form the media files.

[0026] FIG. 1 is a block diagram illustrating an exemplary system in which a

download agent dynamically selects media files from a media server. As



illustrated in the example of FIG. 1, system 2 includes a 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.

[0027] In addition, system 2 includes a media server 5 that is operated by a media

content provider (MCP) 7. MCP 7 may be an enterprise or other organization that

provides media content to client devices. For example, MCP 7 may be a

corporation that runs a web site that allows users to post and share video clips.

[0028] Media server 5 is capable of providing multiple versions of a media asset.

As used in this disclosure, a "media asset" is a set of media data (e.g., a media file)

that client device 4 can download and play back to user 18. 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. In the context of system 2, media server 5 may, for example, be capable of

providing multiple versions of the same episode of a television show. The versions

of the media asset may differ only in audio and/or video quality.

[0029] Each of the versions of the media asset may be associated with a different

playback rate. In general, the lower the playback rate of a media asset, the lower

the quality of the media asset. For example, an audio object having a playback rate

of 32 kbits/second (i.e., AM radio quality) may have lower audio quality than an

audio object having a playback rate of 320 kbits/second (i.e., near CD quality).

[0030] As illustrated in the example of FIG. 1, system 2 may include a network 8

that facilitates communication between client device 4 and media server 5.

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. MCP 7 may purchase rights to communicate on network

8 from a network service provider. The network service provider may be an

Internet Service Provider (ISP) or a similar organization.

[0031] In the example of FIG. 1, client device 4 includes a network interface 6, a

memory 10, a processor 12, and a presentation unit 13. Network interface 6



facilitates communication between client device 4 and network 8. Network

interface 6 may be a variety of different types of network interface. For example,

network interface 6 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 10

may be a computer-readable 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 medium. Processor 12 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 12 may execute instructions stored

in memory 10. When processor 12 executes instructions stored in memory 10, the

instructions may cause processor 12 to perform one or more actions. Presentation

unit 13 may be a computer monitor, a television set, an integrated video screen,

speakers, digital signage, a video projector, or another type of unit capable of

presenting media.

[0032] In the example of FIG. 1, memory 10 includes a media player 14 and a

download agent 16. Media player 14 and download agent 16 may be sets of

software instructions that, when executed cause processor 12 to perform various

actions. For ease of explanation, when this disclosure states that media player 14

performs some action or states that download agent 16 performs some action, such

phrases may be interpreted to mean that the instructions of media player 14 cause

processor 12 to perform the action or to mean that the instructions of download

agent 16 cause processor 12 to perform the action. However, it should be

appreciated that in some implementations, media player 14 and/or download agent

16 may be implemented at least in part as hardware, in which case media player 14

and/or download agent 16 may perform some or all of the actions without any

action by processor 12. Furthermore, it should be appreciated that in some

implementations media player 14 and download agent 16 may be part of a common

software package. In other words, the functionality of download agent 16 may be

incorporated into media player 14.

[0033] A user 18 of client device 4 may interact with media player 14 when user

18 wants client device 4 to present a media asset. Example commercial media



player applications include Windows Media Player™ from Microsoft Corporation

of Redmond, Washington, Quicktime™ from Apple Computer of Cupertino,

California, and Flash Video™ from Adobe Systems, Inc. of San Jose, California.

User 18 may directly or indirectly instruct media player 14 to present a media

asset. For example, user 18 may directly instruct media player 14 to present a

media asset by inputting a Uniform Resource Locator associated with the media

asset into a prompt presented by media player 14. In a second example, user 18

may indirectly instruct media player 14 to present a media asset by 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 14 to present the media asset.

[0034] When media player 14 is instructed to present a media asset, media player

14 may directly or indirectly instruct download agent 16 to retrieve the media

asset. For example, media player 14 may use inter-process communication to

directly instruct download agent 16 to retrieve the media asset. In another

example, media player 14 may instruct an operating system of client device 4 to

retrieve the media asset. In this example, the operating system may instruct

download agent 16 to retrieve the media asset.

[0035] When download agent 16 is instructed to retrieve the media asset,

download agent 16 may cause network interface 6 to output a playback rate request

to a delivery information server 20 via network 8. The request may specify a

resource identifier of the media asset. For example, download agent 16 may cause

network interface 6 to output a Hypertext Transfer Protocol (HTTP) request that

specifies a Uniform Resource Locator (URL) of the media asset. Delivery

information server 20 may or may not be operated by MCP 7. For example,

delivery information server 20 may be operated by a third party. In other words,

delivery information server 20 may be operated by a service that is independent of

MCP 7.

[0036] Delivery information server 20 may be configured to implement a data

transfer policy established by MCP 7. The data transfer policy may indicate a

desired overall bandwidth utilization during a transfer period of the version of the

media asset. The desired overall bandwidth utilization is a bandwidth utilization



that MCP 7 wants to maintain at a given point in time. For example, a data transfer

policy may indicate that MCP 7 wants to maintain of 100 megabytes/second. A

data transfer policy may indicate that MCP 7 wants to maintain different

bandwidth utilization at different times. For instance, a data transfer policy may

indicate that MCP 7 wants to maintain a bandwidth utilization of 100

megabytes/second between the hours of 5:00AM and 9:00PM and maintain a

transfer rate of 90 megabytes/second between the hours of 9:00PM through

4:59AM. Examples of data transfer policy are disclosed in application no.

61/073,542, entitled "DYNAMIC MEDIA BIT RATES BASED ON

ENTERPRISE DATA TRANSFER POLICIES," filed June 18, 2008, the entire

contents of which is incorporated herein by reference.

[0037] When delivery information server 20 receives a request from client device

4 that indicates a media asset, delivery information server 20 may, in response to

the request, select a version of the media asset from the versions of the media asset

such that when MCP 7 transfers the version of the media asset at a throughput rate

substantially equal to the playback rate associated with the version of the media

asset, an anticipated overall bandwidth utilization of MCP 7 is substantially equal

to a desired overall bandwidth utilization at all times during a transfer period of the

version.

[0038] After delivery information server 20 selects the version of the media asset,

delivery information server 20 may cause MCP 7 to transfer the selected version of

the media asset. Delivery information server 20 may cause MCP 7 to transfer the

selected version of the media asset in a variety of ways. For example, delivery

information server 20 may send a message to client device 4 that directly or

indirectly indicates the selected playback rate. When client device 4 receives the

message from delivery information server 20, download agent 16 may cause

network interface 8 to output a request to media server 5 for a version of the media

asset having the selected playback rate. For example, delivery information server

20 may send a message to client device 4 that specifies the selected playback rate,

thereby directly indicating the selected playback rate. In this example, download

agent 16 may send a request to media server 5 that specifies a resource identifier of

the media asset and the selected playback rate. In another example, delivery



information server 20 may send a message to client device 4 that specifies a

resource identifier associated with a version of the media asset having the selected

playback rate.

[0039] In an alternative implementation, when download agent 16 is instructed to

retrieve the media asset, download agent 16 may cause network interface 6 to

output a request for the media asset to media server 5. The request may specify a

resource identifier of the media asset. When media server 5 receives the request,

media server 5 may send a request to delivery information server 20 for a bit rate

of the requested media asset. In response, delivery information server 20 may

select a playback rate of the requested media asset and send a playback rate of the

requested media asset to media server 5. Media server 5 may then send a version

of the requested media asset having the selected playback rate to client device 4 .

[0040] In some examples, delivery information server 20 may not be needed. In

such examples, download agent 16 may transmit a request for a media asset

directly to media server 5 via network 8. Media server 5 may select the version of

the media asset based on an established throughput rate to client device 4 . For

example, after media server 5 receives a request for a media asset, media server 5

may perform some form of "handshaking" with client device 4 to determine a

throughput rate to client device 4. Media server 5 may select the version of the

media asset based on the determined throughput rate. The selected version of the

media asset may be encoded for an overall average playback rate that is

substantially similar, but less than, the determined throughput rate.

[0041] The selection of the media asset based on delivery information server 20 or

some form of handshaking are merely examples. Media server 5 may select a

version of the media asset based on any technique known in the art. This

disclosure is not limited to the technique used to initially select the version of the

media asset that is initially provided to client device 4 .

[0042] As described herein, download agent 16 is capable of dynamically selecting

and transitioning between different playback rates for delivery of the requested

media asset provided by media server 5. For example, download agent 16 is

capable of dynamically interrupting download and playback of the media asset at

the currently selected playback rate representation and initiating download of the



same media asset at a different playback rate representation. Download agent 16

forecasts and initiates the switch of the playback rate presentation for the media

asset such that seamless transition occurs from the current playback rate

representation of the media asset to the new playback rate representation of the

media asset at the same time-based playback point within both representations. As

a result, the transition is seamless to the end-user 18 without introducing delay or

jitter and without requiring restart of the content delivery for the selected media

asset. Moreover, the client-side initiation of the dynamic transition by download

agent 16 between the different playback rate representations may avoid any

requirement that the client device 4 report download and playback quality to

delivery information server 20 or media server 5.

[0043] FIG. 2 is a block diagram illustrating an exemplary download agent 16

connected to a media server 5. For clarity, the other components on client device 4

have been omitted to show the relationship between download agent 16 and media

server 5. In the example embodiment, download agent 16 includes playback

controller 22, stream agent 24, source manager 26, and temporal metadata 28. For

purpose of example, media player 14 is shown as external to download agent 16,

however, as described above, download agent 16 may encapsulate media player 14.

[0044] As shown in FIG. 2, download agent 16 provides content to media player

14 via a single TCP connection 30 internal to client device 4. Download agent 16

may, for example, open and maintain a single socket connection for

communication of downloaded media content to media player via TCP connection

30. In this example, TCP connection 30 may be a standard transmission control

protocol (TCP) connection used in Open Systems Interconnection Basic Reference

Model (OSI). TCP connection 30 remains constant between media player 14 and

download agent 16 regardless of the playback rate representation(s) of a particular

media asset that are being downloaded by download agent 16; download agent

seamlessly splices the different playback rates of the media asset onto TCP

connection 30 so that media player 14 is unaware of any dynamic playback rate

switches selected by download agent 16.

[0045] Media server 5 may include a plurality of media files 34A-34N (herein

referred to as "media files 34") that generally represent exemplary media assets.



Media files 34 may each contain similar content (e.g., the same movie), but at

different encoding quality (e.g., different playback rates). As shown in FIG. 2,

download agent 16 may initiate and establish a plurality of different TCP

connections 32A-32N (herein referred to as "TCP connections 32") through

network 8 for downloading one or more of media files 34 from media server 5 .

[0046] In general, source manager 26 handles connection management for access

and retrieval of data from media files 34 within media server 5. Source manager

26 handles all specific implementation details necessary for acquiring the media

data and providing the data to stream agent 24. In this example, source manager

implements a plurality of TCP network stacks and may concurrently handle

multiple TCP connections 32 to media server 5. Source manager 26 de-multiplex

the input data streams from media files 34 as directed by stream agent 24.

[0047] Media files 34 may each have similar content, such as the same movie,

real-time data stream or other media, but the quality and playback rate of each file

may vary. For example, media file 34A may contain a low-quality representation

for consumption and a playback rate of 200 kbits / second, media file 34B may

contain a second, medium quality representation of the media for consumption and

a playback rate of 700 kbits / second, and media file 34N may contain a third,

highest-quality representation of the media for consumption and a playback rate of

1200 kbits / second.

[0048] In the context of video, each of media files 34 typically contains 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.

Download agent 16 coordinates and initiates dynamic transition such that the cut-

over between playback rates from one of media files 34 to another occurs at a



video frame that is not dependent on other video frames within the stream, i.e., a

key frame.

[0049] In general, stream agent 24 is responsible for serializing disparate streams

of media files 34 into a valid output stream for delivery to media player 14 via TCP

connection 30 while additionally performing any required transformations to the

stream data in the form of dynamic bit rate transitions. Upon an initial request by

user 18 to download a particular media asset, stream agent accesses all of the

respective media files 34 having different playback rate representations of the

media asset and downloads metadata contained within a first segment of each of

the media files. For example, the metadata within each of media files 24 may

indicate that video frames in the media object are encoded for a certain playback

rate and are in accordance with the H.264 format and are to be presented at a rate

of 35 frames per second. In addition, the metadata may indicate other data such as

copyright information, whether the media is to be presented in black and white,

information that identifies an artist associated with the media object, and other

information. Moreover, the metadata contained within each of media files 34

includes a key frame list that indicates byte indexes associated with key frames for

the respective media file.

[0050] Based on the downloaded metadata, generates temporal metadata 28 that

correlates the time stamps for key frames for the different media files 34 to byte

offsets in the various media file formats. For example, temporal metadata 28 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 files at

approximately 3 seconds of playback, a second set of key frames associated with

approximately 7 seconds of playback, and the like). Temporal metadata 28 then

correlates the key frames of each of the sets to appropriate byte offsets within

media files 34. In this way, the byte offsets within media files for temporally

proximate key frames are correlated and stored within temporal metadata 28. 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 DATARANGE REQUESTS," filed October 16, 2008, which claims



priority to 60/981,164, filed October 19, 2007, the entire contents of each is

incorporated herein by reference.

[0051] In some embodiments, temporal metadata 28 may not be part of download

agent 16. Instead temporal metadata 28 may reside on either media server 5 or

delivery information server 20. In these embodiments, download agent 16 may

receive a list of key frames for each one of media files 34 from media server 5 or

delivery information server 20. The key frame for each one of media files 34 may

already by temporally proximate to one another. Additionally, media server 5 or

delivery information server 20 may correlate the byte offsets within media files 34

for temporally proximate key frames for media files 34.

[0052] Stream agent 24 interacts with source manager 26 to request data from

specific portions of media files 34 and blends data from the disparate streams of

media files 34 into a valid output stream 35 while performing any required

transformations to the stream data. For example, source manager 24 may request

particular segments of media files 34 and extract the application-layer media data

from each media file for placement into a respective "container." Stream agent 24

may then interact with the appropriate software container of source manager 26 to

retrieve the appropriate media data. Stream agent 24 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 24 may also ensure that download from each media file

34 is forecasted based on conditions and that the resultant data stream are stitched

together at temporally correlated key frames. In this manner, user 18 viewing

media player 14 may be oblivious to the automated functions of download agent

16.

[0053] Playback controller 22 provides high-level control logic to determine what

actions should take place based on various conditions, including environmental,

buffered data in view of tolerances, actual bandwidth, utilization of computing

resources of client device 4, bandwidth pricing, and the like. During this process,

playback controller 22 may monitor playback status such as current playback

timestamp or current playback frame rate of media player 14. Based on these



inputs, playback controller 22 provides playback rate guidance to request stream

agent 24 to select a higher or lower playback rate media file 34.

[0054] Media files 34 have been described as media files with similar content but

with varying playback rates. This feature of media files 34 is merely exemplary.

In some instances, in the context of video, media files 34 may contain similar

content and be transmitted at the same playback rate, however each one of media

files 34 may be optimized for a certain display resolution. In these instances

download agent 16 may determine the display resolution from media player 14.

The display resolution may be set based on factors such as the display resolution

capabilities of the client device. The playback status may include the display

resolution. If the playback status of media player 14 is not ideal, download agent

16 may dynamically select a higher resolution or lower resolution media file from

media files 34 in techniques similar to the ones described above. In instances

where the client device can only display a certain maximum resolution, download

agent 16 may only select media files 34 that are optimized for the maximum client

device resolution or media files 34 that have lower resolution than the maximum

client device resolution, even if the playback status indicates that one of media

files 34 with higher resolution than the maximum client device resolution can be

played.

[0055] In some instances, the media files may have similar content and encoded

for the same playback rate, however, the encoding of media files 34 may be

different. Media files 34 may be encoded with different encoding schemes. Each

encoding scheme may require different amounts of computing resources on the

client device. An encoding scheme that requires more computing resources than

others may contain higher quality data. Similarly, an encoding scheme that

requires less computing resources than others may contain lower quality data.

Download agent 16 may dynamically select a different one of media files 34 based

on the computing resources of the client device. For example, in some instances

the client device may have poor computing resources for a certain amount of time

due to computing resources taken up by other programs running on the client

device. Playback status may indicate duration of time when the computing

resources are poor. In that time frame, download agent 16 may select one of media



files 34 that requires lower computing resources, and then dynamically select one

of media files 34 that requires more computing resources when computing

resources on the client device are freed up. For example, one of media files 34

may be encoded with the VP6 scheme. The VP6 scheme generally requires less

computing resources, but the data quality may be poor. Another one of media files

34 may be encoded with the H.264 scheme. The H.264 scheme generally requires

more computing resources, but the data quality may be higher. One of media files

34 encoded with the VP6 scheme may be encoded for the same playback rate as

one of media files 34 encoded with the H.264 scheme. Download agent 16 may

dynamically select between the media file encoded with the VP6 scheme and the

media file encoded with the H.264 scheme based on the computing resources of

the client device. The VP6 and H.264 schemes are merely exemplary; other

encoding schemes may also be used. Download agent 16 may select between

different media files 34 with different encoding schemes in techniques similar to

the ones described above.

[0056] In some instances, all media files 34 may contain similar media content.

However, some media files 34 may be encoded for different playback rates, some

media files 34 may be optimized for a certain resolution, and some media files 34

may be encoded differently. In this instance, download agent 16 may dynamically

select between media files 34 by taking into account the playback rate, resolution,

and encoding scheme to select the optimal file from media files 34 in techniques

similar techniques to the ones described above.

[0057] In one example implementation, playback controller 22 may include a

playback rate selection module (PRSM) 25 that maintains a data delivery policy

storage module (DDPS) 27. Although illustrated as located within client device 4,

PRSM 25 and DDPS 27 may be located remote from the client device, such as

within media server 5 or delivery information server 20. PRSM 25 aids playback

controller 22 in the selection of the version of the media asset from the available

versions of the media asset, i.e., the different media files 34 in the example of FIG.

2 . Data delivery policy storage 27 may store a wide variety of data delivery

policies that serve a wide variety of business purposes. Notably, in some



examples, PRSM 25 and DDPS 27 may not be necessary. Playback controller 22

may include PRSM 25 and DDPS 27 in some non-limiting examples.

[0058] In one example, a network service provider may charge higher rates for

data transferred during certain peak hours of day when overall network traffic is

higher. For instance, overall network traffic may be highest between 4:00 PM and

7:00 PM. In this example, data delivery policy storage module 44 may store a data

delivery policy that indicates that the client wishes a lower overall bandwidth

utilization during the peak hours and that indicates a relatively higher overall

bandwidth utilization during off-peak hours. PRSM 25 may select versions of

media assets having lower playback rates during peak hours and may select

versions of media assets having higher playback rates during off-peak hours.

[0059] In another example, a data transfer policy may indicate different overall

bandwidth utilization for different classes of media assets. Data transfer policies

may classify media assets in a wide variety of ways. For instance, data transfer

policies may classify media assets by subject matter, popularity, commercial

significance, user ratings, creation date, author/artist, or other factors. In another

instance, a data transfer policy may classify media assets by playback lengths of

media assets. In this instance, the data transfer policy may indicate an overall

bandwidth utilization of 100 megabytes/second for media assets having playback

lengths between zero minutes and five minutes, an overall bandwidth utilization of

150 megabytes/second for media assets having playback lengths between five

minutes and ten minutes, and an overall desired data transfer rate of 80

megabytes/second for media assets having playback lengths longer than ten

minutes. Furthermore, in this instance, when VSM 42 receives a request for a

media asset having a playback length of six minutes, VSM 42 may select a version

of the media asset such that when MCP 7 transfers the version of the media asset at

an overall bandwidth utilization is substantially equal to the playback rate of the

version, the anticipated overall bandwidth utilization of media assets having

playback lengths between 5 and 10 minutes is substantially equal to 150

megabytes/second.

[0060] In another example, a data transfer policy may indicate different overall

desired bandwidth utilization for different classes of users. Data transfer policies



may classify users in a wide variety of ways. For instance, data transfer policies

may classify users based on home postal code, length of relationship with MCP 7,

commercial significance, and other factors.

[0061] In another example, a server side data delivery policy storage module may

set the maximum bandwidth utilization for a client device. The server side data

delivery policy storage module may set the maximum bandwidth utilization for a

client device based on transmission availability, bandwidth cost, relationship with

client, and the like. For example, during peak usage hours, the server side data

delivery policy storage module may set a maximum bandwidth utilization for each

user to unsure that every user can access media files 34. In another example, the

server side data delivery policy storage module may set a maximum overall

bandwidth utilization to reduce the costs of transmission. In yet another example,

the server side data delivery policy storage module may set different maximum

overall bandwidth utilization based on the user. Where a particular user is an

important customer, the server side data delivery policy storage module may set a

higher maximum bandwidth utilization than the maximum bandwidth utilization

for other users.

[0062] In embodiments where the server side data delivery policy storage module

sets a maximum bandwidth utilization, server side data delivery policy storage

module may transmit the maximum bandwidth utilization to DDPS 27. DDPS 27

may cause PRSM 25 to only select media files 34 that are encoded for a playback

rate this is less than the maximum bandwidth utilization.

[0063] To reiterate, though PRSM 25 and DDPS 27 are shown in FIG. 2, in some

examples PRSM 25 and DDPS 27 may not needed, i.e. may not be located within

client device 4 or media server 5. Further as explained above, in some examples

delivery information server 20 may not be needed, accordingly in such examples,

PRSM 25 and DDPS 27 may not be located within delivery information server 20.

Examples of maintaining an overall bandwidth utilization, and establishing

bandwidth utilization for users is described in application no. 61/073,542, entitled

"DYNAMIC MEDIA BIT RATES BASED ON ENTERPRISE DATA

TRANSFER POLICIES," filed June 18, 2008, the entire contents of which is

incorporated herein by reference.



[0064] As described above, media files 34 contain media content that was

previously generated and stored in the media files. However, in some aspects, the

media content of media files 34 may be live data, e.g., transmission of a live

concert. Examples for allowing client device 4 to download live data are provided

in application no. 61/052,459, entitled "LIVE MEDIA DELIVERY OVER A

PACKET-BASED COMPUTER NETWORK," filed May 12, 2008, the entire

contents of which is incorporated herein by reference. Furthermore, in some

examples, client device 4 may swarm the data from one or more servers, i.e.

download the media files in parallel from one or more media servers 5. Examples

of swarming and downloading media files in parallel are provide in patent no.

7,277,950, entitled "APPARATUS, METHOD AND SYSTEM FOR AN

ACKNOWLEDGEMENT INDEPENDENT EQUALIZED DATA PACKET

TRANSFER MECHANISM OVER A PEER TO PEER NETWORK," issued

October 2, 2007 and application no. 10/788,695, entitled "PARALLEL DATA

TRANSFER OVER MULTIPLE CHANNELS WITH DATA ORDER

PRIORITIZATION," filed Feburary 27, 2004, the contents of each is incorporated

herein by reference.

[0065] FIG. 3 is a flowchart illustrating example operation of client device 4.

Initially, media player 14 receives a request from user 18 to present a media asset

(40). When media player 14 receives the request to present the media asset,

download agent 16 outputs a request to delivery information server 20 for

information related to different playback rate representations of the media asset

(42). Subsequently, client device 4 may receive a message from delivery

information server 20 that identifies the various media files 34 that represent the

different playback rate representations (44). For example, download agent 16 may

receive a message (e.g., in the form of a web page) from delivery information

server 20 that includes a set of URLs to the different playback rate representations

of the media asset, i.e., media files 34.

[0066] Next, download agent 16 accesses all of the respective media files 34

having different plabyack rate representations of the media asset and downloads

metadata contained within a first segment of each of the media files (45). For

example, the download agent 16 retrieves the first segment of data from each of the



media files 34 associated with the media asset and extracts the metadata, including

the key frame list that indicates byte indexes and timestamps associated with key

frames for the respective media file. Download agent correlates the timestamps for

key frames for the different media files 34 to byte offsets in the various media file

formats and stores the results within temporal metadata 28.

[0067] As one example, in an exemplary implementation in which client device 4

uses HTTP to request and receive data of the media object, client device 4 may, for

example, output a set of initial HTTP requests that each includes, in a header of the

HTTP request, a resource identifier associated with all data in the media object and

a range element that specifies the first segment containing the metadata. In this

example, the range element may specify the first range by specifying a byte index

of a first byte and a byte index the last byte of the range. For instance, each of the

initial HTTP requests may specify the resource identifier

"/media/video_clip . f Iv" and the range element may specify the first range by

specifying that the first range starts at byte 0 of the media object and ends at byte

100 of the media object. In this instance, an example initial HTTP request may

appear in part as:

GET /media/video_clip.flv HTTP/1.0

Range: bytes=0-100

[0068] Next, download agent 16 selects one of the plabyack rate representations

(i.e., one of media files 34) based on various conditions and/or user input, and

outputs a request to receive additional data from the media file corresponding to

the selected plabyack rate (46). For example, download agent 16 may generate an

HTTP request that specifies the resource identifier associated with the selected

media file 34 and specifies a second range of data within the media object. For

example, client device 4 may output a second HTTP request that includes, in a

header of the second HTTP request, the resource identifier associated with all data

in the media object and a range element that specifies the second range. In this

example, the range element may specify a second range by specifying a byte index

of a first byte of the second range and a byte index of the last byte of the second

range. For instance, the second HTTP request may specify the resource identifier

"/media/video_ciip. f Iv" and the range element may specify the second range

by specifying that the second range starts at byte 200 of the media object and ends



at byte 1000 of the media file. In this instance, the second HTTP request may

appear as:

GET /media/video_clip.flv HTTP/1.0

Range: bytes=200-1000

[0069] After download agent 16 generates the request for the version of the media

asset that has the indicated playback rate, download agent 16 output the request to

media server 5 via network 8 (48).Subsequently, network interface 6 receives data

via network 8 for the media file 34 that has the appropriate playback rate

representation (50).

[0070] As network interface 6 receives data in the version of the media asset,

source manager 26 makes the data available to stream agent 24, which retrieves the

encoded media data and provides it so media player 14 via TCP connection 30

(52). Media player 14 decodes the media data of the media file and presents the

media to user 18 (54).

[0071] During this process, playback controller 22 monitors playback status

including the current playback timestamp of the media and/or the current playback

frame rate of media player 14. In addition, playback controller 22 monitors

various conditions, including an amount of buffered data that has been downloaded

and yet to be consumed by media player 14 in view of defined tolerances, an actual

bandwidth achieved by the download, a utilization of computing resources of client

device 4, bandwidth pricing for the current download, and the like. In some

examples, based on these inputs, playback controller 22 invokes PRSM to

determine whether a dynamic transition to a different playback rate representation

is in order. If so, playback controller 22 outputs a playback rate guidance message

to request stream agent 24 to select a higher or lower playback rate media file 34

(56). As described above, in some examples PRSM may not be necessary. In such

examples, playback controller 22 does not invoke PRSM, instead, playback

controller 22 dynamically selects a higher or lower playback rate media 34 (56).

[0072] FIG. 4 is a flow chart illustrating an example operation of download agent

16 when dynamically transitioning between different plabyack rate representations

of the media. Stream agent 24 controls the flow of media data to media player 14

such that data is generally delivered as need by the media player without

substantial data buffering by the media player. In other words, source manager 26



provides internal data buffering and stream agent 24 extracts and provides the data

to media player 14 at a rate generally equal to the playback rate at which the media

is to be consumed and presented to the user. During this process, playback

controller 22 closely monitors the playback status of media player 14 (60). The

playback status includes the current playback timestamp or current playback frame

rate so as to reflect a current position of the media player 14 with respect to

playback of the current media asset. In addition, playback controller 22 monitors

an amount of data that has been downloaded and buffered and yet to be consumed

by media player 14 in view of defined tolerances, an actual bandwidth achieved by

the download, a utilization of computing resources of client device 4, bandwidth

pricing for the current download, and the like.

[0073] Based on these inputs, playback controller 22 provides playback rate

guidance to request stream agent 24 to select a higher or lower playback rate media

file 34 as necessary (62). In one example, playback controller 22 monitors the

amount of buffered data, i.e., any media file frames temporarily stored before being

presented to media player 14 for display. The buffer size may be measured as a

unit of time or as a unit of bits. Playback controller 22 may determine whether the

playback rate of media player 14 (i.e., the rate of consumption of media data by the

media player) exceeds the actual throughput rate. If the amount of buffered data is

frequently below a desired threshold amount, playback controller 22 may

determine that the playback rate exceeds the actual throughput rate and may direct

stream agent to select a lower quality media file.

[0074] As another example, if the amount of buffered data consistently exceeds a

desired threshold amount, playback controller 22 may determine that the actual

throughput rate exceeds the playback rate and may cause stream agent 24 to select

a different media file that having a higher-quality playback-rate representation of

the media.

[0075] In any event, in response to an instruction to dynamically transition to a

new playback rate, stream agent 24 accesses temporal metadata 28 and identifies a

temporal location for an upcoming key frame of the current playback rate

representation that has not yet been delivered to media player 14 (64). For



example, stream agent 24 analyzes the key frame list of the metadata to look

forward with respect to the playback time and identifies an upcoming key frame.

[0076] Stream agent 24 then analyzes the temporal metadata 28 to identify a

corresponding key frame in the other media file 34 for the playback rate to which

download agent is transitioning (i.e., a key frame of the targeted media file that has

the same timestamp as the identified upcoming key frame in the current bit rate

representation) (66). Stream agent then determines a byte offset for the key frame

for the media file for the newly selected playback rate and outputs a request to

direct source manager 26 to retrieve a data segment that includes the identified key

frame. (68)

[0077] Stream agent 24 then continues to deliver the buffered media data (i.e., data

for the current bit rate representation) to media player until the identified,

upcoming key frame is reached. At this point, stream agent retrieves and extracts

media data from source manager 26 for the new playback rate, and seamlessly

delivers the media data to the media player 14 by the same TCP connection 30

(70). In this way, download agent 16 seamlessly splices the different playback

rates of the media asset onto TCP connection 30 so that media player 14 is

unaware of any dynamic playback rate switches selected by download agent 16.

[0078] After successfully splicing the media data from the newly selected media

file on the TCP connection, stream agent 24 may direct source manager to close

the previous TCP connection used to retrieve media data from the media file

having the previously selected playback rate representation (72). At this point,

source manager 26 may flush any buffered data associated with the previous

playback rate representation of the media asset.

[0079] In another embodiment, download agent 16 may select a different one of

media files 34 at a timestamp of a difference frame in the file currently being

played. A difference frame may be a frame that is encoded with the aid of one or

more frames. Some examples of difference frames are predictive frames or bi¬

directional frames. The timestamp of the difference frame in the file currently

being played may be temporally proximate to a timestamp of a key frame in the

selected media file. The key frame in the selected media file may not be the first

frame of the selected media file. In this embodiment, download agent 16 may



receive a list of timestamps for certain difference frames from delivery information

server 20 or media server 5. Download agent 16 may also generate a list of

timestamps for difference frames in similar techniques as the ones described

above. Download agent 16 may dynamically select between different media files

34 at difference frames in techniques similar to the ones described above.

[0080] The code may be executed by one or more processors, such as one or more

digital signal processors ("DSPs"), general purpose microprocessors, application-

specific integrated circuits ("ASICs"), field programmable logic arrays ("FPGAs"),

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, the functionality described herein may be provided

within dedicated software modules or hardware modules configured for encoding

and decoding, or incorporated in a combined video encoder-decoder ("CODEC").

[0081] Various embodiments of the invention have been described. These and

other embodiments are within the scope of the following claims.



CLAIMS:

1. A method for a client device to dynamically transition between different

representations of media from a media server while presenting the media to a user,

the method comprising:

determining a playback status of a first media file being played on the client

device;

selecting a second media file from the media server based on the playback

status;

identifying a key frame in the first media file that is subsequent to a current

frame being played by a media player;

identifying a key frame in the second media file having a timestamp that is

the same as or temporally proximate to the key frame in the first media file with

respect to real-time playback of the media;

generating a bit stream on the client device by splicing data from the first

media file up to the key frame in the first media file with data in the second media

file following the key frame in the second media file to form the bit stream; and

transmitting the bit stream to the media player for presentment to the user.

2 . The method of claim 1, wherein splicing data comprises:

buffering data that is previous to the key frame in the first media file in a

buffer of the media player; and

adding data from the second media file to the buffer that is subsequent to

the key frame in the second media file.

3 . The method of claim 1, wherein splicing data comprises:

transmitting data to the media player from the first media file until the key

frame in the first media file;

stopping transmission of the first media file when the key frame in the first

media file is played; and

transmitting data from the second media file subsequent to the key frame in

the second media file.



4 . The method of claim 1, wherein the playback status comprises a status of

the media player.

5. The method of claim 1, wherein the playback status comprises at least one

of a current playback timestamp, a current playback frame rate, a media player

buffer, a computing resource indicator, and a resolution indicator.

6. The method of claim 1, wherein the first media file is encoded for a first

playback rate representation of media, and wherein the second media file is

encoded for a second playback rate representation of the media at a playback rate

that is of higher than the playback rate representation of the first media file,

wherein the second media file comprises media content data that is of a higher

quality than the first media file, and wherein the first media file and the second

media file comprises substantially similar media content.

7 . The method of claim 1, wherein the first media file is encoded for a first

playback rate representation of media, and wherein the second media file is

encoded for a second playback rate representation of the media at a playback rate

that is lower than the playback rate representation of the first media file, wherein

the second media file comprises media content data that is of a lower quality than

the first media file, and wherein the first media file and the second media file

comprises substantially similar media content..

8. The method of claim 1, wherein the key frame is an intra frame.

9 . The method of claim 1, wherein the key frame is a frame that provides an

entire encoded picture.

10. The method of claim 1, wherein the key frame is a frame that is encoded

without reference to any other frame.



11. The method of claim 1, further comprising:

determining an amount of byte offset between the identified key frame of

the second media file and the identified key frame of the first media file; and

correlating a timestamp of the key frame in the first media file to a

timestamp of the key frame in the second media file based on the amount of byte

offset.

12. The method of claim 1, further comprising:

closing a connection with the first media file after the media player plays

the key frame from the first media file; and

deleting data downloaded from the first media file that is subsequent to the

key frame from the first media file.



13. A client device to dynamically transition between different representations

of media from a media server while presenting the media to a user, the client

device comprising:

a processor; and

a download agent executing on the processor, the download agent

comprising:

a playback controller that determines a playback status of a media

player playing a first media file on the client device;

a source manager that selects a second media file from the media

server based on the playback status of the media player; and

a stream agent that identifies a key frame in the first media file that

is subsequent to a current frame begin played by the media player,

identifies a key frame in the second media file having a timestamp that is

the same as or temporally proximate to the key frame in the first media file

with respect to real-time playback of the media, generates a bit stream, and

transmits the bit stream to the media player for presentment to the user,

wherein the stream agent causes the source manager to select a

second media file from the media server based on the playback status of the

media player, and

wherein the stream agent generates the bit stream by splicing data

from the first media file up to the key frame in the first media file with data

in the second media file following the key frame in the second media file.

14. The client device of claim 13, wherein splicing data comprises:

the stream agent buffering data that is previous to the key frame in the first

media file in a buffer of the media player, and adding data from the second media

file to the buffer that is subsequent to the key frame in the second media file.



15. The client device of claim 13, wherein splicing data comprises:

the stream agent transmitting data to the media player from the first media

file until the key frame in the first media file, stopping transmission of the first

media file when the key frame in the first media file is played, and transmitting

data from the second media file subsequent to the key frame in the second media

file.

16. The client device of claim 13, wherein the playback status comprises at

least one of a current playback timestamp, a current playback frame rate, and a

media player buffer.

17. The client device of claim 13, wherein the first media file is encoded for a

first playback rate representation of media, and wherein the second media file is

encoded for a second playback rate representation of the media at a playback rate

that is of higher than the playback rate representation of the first media file,

wherein the second media file comprises media content data that is of a higher

quality than the first media file, and wherein the first media file and the second

media file comprises substantially similar media content.

18. The client device of claim 13, wherein the first media file is encoded for a

first playback rate representation of media, and wherein the second media file is

encoded for a second playback rate representation of the media at a playback rate

that is lower than the playback rate representation of the first media file, wherein

the second media file comprises media content data that is of a lower quality than

the first media file, and wherein the first media file and the second media file

comprises substantially similar media content...

19. The client device of claim 13, wherein the key frame is an intra frame.

20. The client device of claim 13, wherein the key frame is a frame that

provides an entire encoded picture.



21. The client device of claim 13, wherein the key frame is a frame that is

encoded without reference to any other frame.

22. The client device of claim 13, further comprising:

a temporal metadata that determines an amount of byte offset between the

identified key frame of the second media file and the identified key frame of the

first media file, and correlates a timestamp of the key frame in the first media file

to a timestamp of the key frame in the second media file based on the amount of

byte offset.

23. The client device of claim 13, further comprising:

the source manager closing a connection with the first media file after the

media player plays the key frame from the first media file; and

the stream agent deleting data downloaded from the first media file that is

subsequent to the key frame from the first media file,

wherein the stream agent causes the source manager to close a connection

with the first media file after the media player plays the key frame from the first

media file.



24. A method for a client device to dynamically transition between different

representations of media from a media server while presenting the media to a user,

the method comprising:

determining a playback status of a first media file on the client device;

selecting a second media file from the media server based on the playback;

identifying a difference frame in the first media file that is subsequent to a

current frame being played by a media player;

identifying a key frame in the second media file having a timestamp that is

the same as or temporally proximate to the difference frame in the first media file

with respect to real-time playback of the media, wherein the key frame in the

second media file is subsequent to a first frame of the second media file;

generating a bit stream on the client device by splicing data from the first

media file up to the difference frame in the first media file with data in the second

media file following the key frame in the second media file to form the bit stream;

and

transmitting the bit stream to the media player for presentment to the user.

25. The method of claim 24,

wherein the first media file and the second media file both comprise

representations of similar content for the media; and

wherein a first frame of the first media file and a first frame in the second

media file both represent a beginning of the content.
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