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SYSTEM AND METHOD FOR PROGRESSIVE DELIVERY OF TRANSCODED
MEDIA CONTENT

TECHNICAL FIELD

This invention relates, in general, to digital media content and, more

particularly, to low-latency content delivery.

BACKGROUND OF THE INVENTION

With the dramatic increase in the quantity and diversity of video, audio, and

multimedia content that has occurred in recent years, the need for systems and

techniques to efficiently deliver content to users has likewise increased. Internet-

ready cell phones, personal data assistants (PDAs), and other mobile media devices

have spurred increased demand for content delivery in a variety of different target

formats. Furthermore, the rapid growth in user-generated content has created a large

supply of media content available to users in a large number of disparate source

formats.

Converting content from a source format in which the content is created or

stored to a target format appropriate for use by a particular media player can be time-

consuming. Delays in the delivery of media content can detract from the user's

enjoyment of the content or negatively affect the user's experience in other ways.

Moreover, in systems where delivery resources are limited, converting media content

to a format appropriate for a particular user may result in processing bottlenecks,

network congestion, and additional delays that affect other users. As a result, delays

occurring during the delivery of content to individual users can lead to significant

reductions in the overall efficiency of a content-delivery system.



SUMMARY OF EXAMPLE EMBODIMENTS

In accordance with the present invention, disadvantages and problems

associated with delivering digital media content have been substantially reduced or

eliminated.

In accordance with one embodiment of the present invention, a method for

delivering media content includes receiving a request for media content from a client

and identifying a first media file containing media content associated with the request.

The first file has a first media format. The method further includes initiating creation

of a second media file associated with the request and estimating one or more

characteristic of the second media file. The second media file has a second media

format. Additionally, the method includes generating media information for the

second media file based on the estimated characteristics of the second media file and

transmitting the media information to the client before creation of the second media

file has been completed.

Technical advantages of certain embodiments include the ability to deliver

media content to a variety of different devices in multiple formats. Certain

embodiments provide for low-latency delivery with minimal delay between the time a

user requests a particular media file and the time that the delivery system begins

delivering the requested content to the user. Additionally, particular embodiments

may be implemented without introducing constraints on the software or hardware

utilized by the user. Other technical advantages will be readily apparent to one skilled

in the art from the following figures, descriptions, and claims. Moreover, while

specific advantages have been enumerated above, various embodiments may include

all, some, or none of the enumerated advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and for further

features and advantages thereof, reference is now made to the following description

taken in conjunction with the accompanying drawings, in which:

FIGURE 1 illustrates a system for delivering media content according to

particular embodiments of the present invention;



FIGURE 2A illustrates one type of media file that may be utilized in particular

embodiments of the system shown in FIGURE 1;

FIGURE 2B illustrates another type of media file that may be utilized in

particular embodiments of the system;

FIGURE 3 is a block-diagram illustrating a transcoder that may be utilized in

particular embodiments of the system; and

FIGURE 4 is a flowchart detailing an example operation of a system for

delivering media content in accordance with certain embodiments of the present

invention.

DETAILED DESCRIPTION

FIGURE 1 illustrates a particular embodiment of a content-delivery system 10

for delivering digital media content to clients 70 from source files 80 stored in or

generated by content-delivery system 10. System 10 includes original content store

20, transcoder 30, modified content store 22, host processor 40, content server 50,

network 60, and clients 70. To provide content to clients 70 having a variety of

different reception and display requirements, content-delivery system 10 may modify

requested media content in source files 80 to create target files 82 containing the same

or similar content in a format suitable for transmission to and/or display by a

particular client 70. By initiating the transmission or delivery of the relevant target

file 82 to a requesting client 70 before the entire target file 82 has been generated,

system 10 may reduce the latency associated with processing content for delivery to a

diverse range of clients 70.

Furthermore, in particular embodiments, content-delivery system 10 may

support delivery techniques in which clients 70 utilize certain information (referred to

generically herein as "media information 90") describing the content stored in the

relevant target file 82 to configure themselves for receipt and playback of the

requested media content. For example, in particular embodiments, content-delivery

system 10 may support progressive downloading of content and clients 70 may be

configured to use media information 90 provided by content-delivery system 10 to

configure themselves for receipt of content and to identify appropriate portions of

converted media from for request.. However, the relevant media information 90 may



describe properties of the associated target file 82 that may not be determined until

that target file 82 is fully created. Thus, as described further below, content-delivery

system 10 may reduce latency in the delivery of content to such clients 70 by

estimating certain characteristics of a target file 82 before it has been fully created and

generating media information 90 for target file 82 based on the estimated

characteristics.

For purposes of this description and the claims that follow, "estimating"

includes, but is not limited to, any predicting or approximating of a characteristic,

property, or other value. "Estimating" may also include any calculating, selecting, or

other manner of determining a value that is initiated before the relevant value is

otherwise set, even if the relevant value is then necessarily set based on the outcome

of the estimating operation. For example, as used herein, "estimating" may refer to a

process for calculating a frame size for content to be written to a media file even if the

content is then written in frames sized based on this estimation. As a result, in

particular embodiments, estimating may predetermine a value, instead of merely

approximating or predicting the value.

In the example embodiment illustrated in FIGURE 1, original content store 20

and modified content store 22 each represent or include any appropriate type of

memory devices. Content stores 20 and 22 may each comprise, for example, volatile

or non-volatile, local or remote devices suitable for storing data, such as random

access memory (RAM) devices, read only memory (ROM) devices, magnetic storage

devices, optical storage devices, or any other suitable data storage devices.

Additionally, although content stores 20 and 22 are both shown as a single element in

system 10, content stores 20 and 22 may each represent a plurality of devices and may

be distributed across multiple locations within system 10. For example, in particular

embodiments, content stores 20 and 22 may represent a network-attached storage

(NAS) or portion thereof.

Original content store 20 stores source files 80 for delivery to clients 70. As

noted above, source files 80 may comprise any appropriate type of media content.

Specific examples of source files 80 include video/multimedia content files such as

Moving Picture Experts Group (MPEG), Windows Media Video (WMV), Audio

Video Interleave (AVI), and QuickTime files; audio content files such as Waveform



audio (WAV), MPEG-I Audio Layer 3 (MP3), and/or Windows Media Audio

(WMA) files; and/or content files of any other appropriate type or format. Source

files 80 in original content store 20 may all be stored in a single storage format or may

be stored in a variety of different formats appropriate for transmission to or display by

different clients 70. Although shown in FIGURE 1 as part of system 10, original

content store 20 may represent components external to system 10, such as memory

components distributed throughout the Internet. As a result, in particular

embodiments, transcoders 30 may be able to retrieve, receive, otherwise access and/or

process source files 80 provided by a vast number of content sources available

throughout the Internet for delivery to clients 70.

Modified content store 22 stores target files 82 representing content from

source files 80 that has been generated, transcoded, or otherwise modified by

transcoders 30. In particular embodiments, modified content store 22 represents

storage local or internal to transcoders 30, such as the internal memory of a web

server functioning as one of transcoders 30. In certain embodiments, transcoder 30

may store target files 82 in modified content store 22 that contain modified content

from particular source files 80 while transcoder 30 continues to modify content to

create the relevant target file 82. Target files 82 may comprise media content of any

appropriate type or format including, but not limited to, those listed above for source

files 80. Additionally, although referred to here as "files," in certain embodiments, a

target file 82 stored in modified content store 22 may, at a given point in time,

represent a partial file that is not complete according to a type or format associated

with the relevant target file 82 or the content it contains. Modified content store 22

may also store media information 90 generated by transcoder 30 during the process of

transcoding source files 30, as part of the created target file 82 and/or as separate data

elements. As discussed further below, media information 90 may be used by clients

70 to facilitate downloading of target files 82.

Transcoder 30 retrieves, receives, or otherwise accesses requested content

from original content store 20 and modifies requested content in a manner suitable for

transmission to and display by the requesting client 70. Transcoder 30 then writes

modified content to target file 82. Depending on the capabilities of the requesting

client 70 and the characteristics of the requested source file 80, transcoders 30 may



transcode, transrate, adjust the resolution of, or otherwise modify content or

characteristics of the requested source file 80 in any appropriate manner to make the

content suitable for transmission to and/or playback by the requesting client 70. As

part of modifying content, transcoders 30 may modify the content of a requested

source file 80 from a first format, such as an original format in which the relevant

source file 80 is stored, to a second format, such as a target format appropriate for

transmission to and display by a requesting client 70. For purposes of this description

and the claims that follow, the "format" of content refers to an encoding, bit-rate,

resolution, frame rate, configuration, and/or any other aspect, characteristic, or

property of the relevant content that is associated with transmitting the content to or

displaying the content with a particular type of client 70.

Additionally, as described further below, transcoder 30 may also generate

media information 90 that allows clients 70 to begin download and playback of

content from target files 82 before transcoder 30 has finished creating the relevant

target files 82 and/or transcoding the corresponding source file 80. As described

further below, media information 90 may include any suitable form of data, code, or

information that describes the requested media content or the target file 82 into which

the requested media content is being written. The contents of a particular example

embodiment of transcoder 30 are described in further detail below with respect to

FIGURE 3.

Content server 50 receives requests from clients 70 to retrieve, download,

stream, or otherwise transmit content from source files 80 to clients 70 and, in

response to these requests, deliver requested content to clients 70. In particular

embodiments, content server 50 may be responsible for determining whether a source

file 80 containing the requested media content will need to be transcoded, transrated,

or otherwise modified for transmission to and/or display by the requesting client 60.

If so, content server 50 may forward the received request to host processor 40 or

directly to transcoder 30 to initiate conversion of the requested source file 80.

Content server 50 may also authenticate users, execute content search requests, or

otherwise facilitate interaction between users and the content-provision services

offered by system 10.



Host processor 40 receives requests for media content from content server 50

and manages the operation of transcoder 30 in preparing the requested content for

delivery to clients 70. In particular embodiments, host processor 40 is responsible for

generating and communicating to transcoder 30 a workflow that identifies a particular

source file 80 requested by a client 70 and an appropriate target format for the source

file. Additionally, in particular embodiments, content-delivery system 10 may

include multiple transcoders 30 capable of handling content requests from several

different clients 70 in parallel. In such embodiments, host processor 40 may also be

responsible for selecting an appropriate transcoder 30 to handle each request and may

perform load-balancing or otherwise distribute transcoding tasks between the various

transcoders 30.

Although transcoder 30, host processor 40, and content server 50 are each

shown in FIGURE 1 as a single component, in particular embodiments, each may

represent functionality provided by several separate physical components.

Additionally, any two or more of transcoder 30, host processor 40, and content server

50 may represent, in part or in whole, the same component. For example, in

particular embodiments, host processor 40 may be part of the same physical

component as transcoder 30. In general, transcoder 30, host processor 40, and content

server 50 may each represent any appropriate combination of software and/or

hardware suitable to provide the described functionality. In particular embodiments,

transcoders 30, host processor 40, and content server 50 represent web servers

configured to receive and respond to Hypertext Transfer Protocol (HTTP) requests

from clients 70 and each other.

Network 60 represents any form of communication network supporting

circuit-switched, packet-based, and/or any other suitable type of communication over

wired and/or wireless communication links. Although shown in FIGURE 1 as a

single element, communication network may represent one or more separate

networks, including all or parts of various different networks that are separated and

serve different groups of clients 70. Network 60 may include routers, hubs, switches,

gateways, call controllers, and/or any other suitable components in any suitable form

or arrangement. In general, network 60 may comprise any combination of public or

private communication equipment such as elements of the public-switched telephone



network (PSTN), a global computer network such as the Internet, a local area network

(LAN), a wide-area network (WAN), or other appropriate communication equipment.

Additionally, although FIGURE 1 illustrates a particular configuration of

elements directly connected to network 60, network 60 may, in particular

embodiments, connect directly or indirectly to and/or interact with any appropriate

elements of system 10. For example, although FIGURE 1 shows transcoder 30

directly connected to original content store 20 and content server 50, transcoder 30

may alternatively connect to either of these elements over network 60. Accordingly,

the components of system 10 may be arranged and configured in any appropriate

manner to communicate over network 60 and/or over direct connections between the

relevant components.

Clients 70 display, communicate, or otherwise play back content retrieved

from content store 20 to users. Clients 70 may represent any type of device

appropriate to play the digital media content utilized in system 10. Examples of

clients 70 may include, but are not limited to, computers, video-enabled telephones,

media players (such as, for example, iPods), televisions, PDAs, cell phones, portable

communication devices, and other electronic devices. More generally, clients 70 may

include any appropriate combination of hardware and/or software suitable to provide

the described functionality. Clients 70 may couple to network 60 through a dedicated

connection (wired or wireless) or may connect to network 60 only as needed to access

media content. Although FIGURE 1 illustrates, for purposes of example, a particular

number and type of clients 70, alternative embodiments of system 10 may include any

appropriate number and type of clients 70.

In particular embodiments, clients 70 may be capable of receiving and/or

playing media associated with various file formats, file types, codecs, bit-rates, and/or

resolutions, and/or having other appropriate characteristics. For example, in the

illustrated embodiment, client 70a may comprise a computer which can play a

different media file format than the video-enabled cell phone represented by client

70b or the portable communication device represented by client 70c. Consequently,

as described further below, system 10 may modify requested content to match the

capabilities of the specific requesting client 70.



In operation, content server 50 receives requests from clients 70 and initiates

the retrieval of source files 80 containing media content requested by clients 70.

Transcoder 30 may then transcode or otherwise modify the retrieved source file 80 to

provide content suitable for transmission to and/or display by the requesting client 70.

Transcoder 30 writes modified content to a corresponding target file 82 for

transmission to the requesting client 70. Additionally, the requesting client 70 may,

for some media content formats, need certain information about the media content in

target file 82 before the requesting client 70 can begin playing the relevant target file

82. As a result, transcoder 30 may also generate certain media information 90

describing the media in the corresponding target file 82. To minimize the amount of

time the user must wait before client 70 can begin playback of content from target file

82, transcoder 30 may generate media information 90 and transmit media information

90 to the requesting client 70 before creation of the relevant target file 82 has been

completed. The requesting client 70 may then begin playback of a portion of the

modified content while transcoder 30 continues to write modified content to target file

82.

An example of this process is illustrated in FIGURE 1. As shown by FIGURE

1, a client 70 (here, client 70a) initiates the delivery process by transmitting a content

request 84 to content server 50. Content request 84 may identify a specific source file

80 or may describe characteristics (using, for example, keywords) of the requested

media content. Content request 84 may represent any appropriate message, packet, or

other collection of information requesting delivery of content by the transmitting

client 70. For example, in particular embodiments, content request 84 represents a

Hypertext Transfer Protocol (HTTP) request that identifies a particular source file 80

stored by original content store 20.

In response to receiving content request 84, content server 50 determines an

appropriate format (referred to here as the "target format") for the requested content

to allow, facilitate, or optimize transmission to and playback by client 70a. Content

server 50 may determine the target format based on any appropriate information,

considerations, or circumstances. As one example, content request 84 may indicate

the appropriate format for the requested content. Thus, in particular embodiments,

content server 50 may receive an HTTP request specifying the codec, bit-rate, and/or



other parameters for the requested content. As a result, content server 50 may be able

to determine, based on information contained in the HTTP request, the output format

and characteristics appropriate for the requested content.

As another example, content server 50 may identify client 70a and/or relevant

characteristics of client 70a and determine a target format for the requested content

based on this information. For example, content server 50 may identify whether the

client is a computer (such as client 70a), cellular phone (such as client 70b), or

personal data assistant (such as client 70c), and/or other type of client device. In

response, content server 50 may determine the format characteristics appropriate for

the particular client 70a-c based on its type.

As yet another example, content server 50 may detect characteristics of the

particular network or portion of network 60 that client 70a is communicating over to

determine an appropriate target format in which to provide the requested content to

client 70a. Thus, in particular embodiments, content server 50 may determine, based

on the fact that content request 84 was received over a certain type of network, an

appropriate codec or bit-rate at which to transmit the requested content to client 70a.

In general, however, content server 50 may determine, in any suitable manner and

based on input from any appropriate components, the proper format and

characteristics for the content requested by client 70a.

Content server 50 then forwards content request 84 to transcoder 30.

Alternatively, particular embodiments of system 10 include host processor 40

responsible for managing the operation of one or more transcoders 30, and content

server 50 may transmit content request to host processor 40. Host processor 40

generates a workflow 86 indicating the modification to be completed by transcoder 30

and transmits workflow 86 to transcoder 30. Additionally, on particular

embodiments, system 10 may include multiple transcoders 30 and host processor 40

may be responsible for load balancing and assigning transcoding responsibilities to

transcoders 30. In response to receiving content request 84 from content server 50 or

workflow 86 from host processor 40, transcoder 30 retrieves the requested source file

80, in this case source file 80a. Transcoder 30 then begins creating a target file 82

appropriate for transmission to and playback by client 70a (shown in FIGURE 1 as

target file 82a).



As part of this process, transcoder 30 generates media information 90 for

target file 82a. As noted above, media information 90 describes the media content

stored by a particular media file and clients 70 may use media information 90

associated with a received media file to configure themselves for the associated media

file, request the contents of the associated media file, and/or otherwise facilitate

receipt and playback of requested media content. Examples of media information 90

may include a file size, frame rate, or time duration of a particular media file and/or

frame sizes, media types, or time stamps of individual portions of the media content in

the media file.

As noted above, system 10 may store and deliver source files 80 having a

variety of different formats and file structures. For example, FIGURE 2A illustrates a

particular type of file (a type referred to generically herein as "Type A") in which

media information 90 is interspersed with content throughout the illustrated file.

FIGURE 2B illustrates another type of file (a type referred to generically herein as

"Type B") in which media information 90 and content are segregated in the illustrated

file.

When transcoding certain types of source files 80, transcoder 30 may be able

to extract media information 90 directly from these source files 80 and generate media

information for corresponding target files 82 based on the extracted media

information 90. Transcoder 30 may write the media information 90 for these target

files 82 to the respective target files 82 before writing any modified content to these

target files 82. Content server 50 may then transmit media information 90 for such

target files 82 to the requesting client 70 as transcoder 30 begins transcoding source

file 80. Type B source files 80, for example, have the entirety of their media

information 90 located at the beginning of the file. Thus, transcoder 30 may be able

to access all media information 90 in a Type B source file 80 at the beginning of the

transcoding process. As a result, when transcoding Type B source files 80, transcoder

30 may extract media information 90 from the beginning of the relevant source file 80

as soon as transcoder 30 begins transcoding and make such media information 90

available to the request client 70. The requesting client 70 may then use the

transmitted media information 90 to prepare a media player at the requesting client 70



for playback and to begin requesting blocks of content from the target file 82a being

transcoded by transcoder 30.

Alternatively, when transcoding other types of source files 80, transcoder 30

may be unable to access all media information 90 in the requested source file 80 at the

beginning of transcoding. Type A source files 80, for example, have media

information 90 interspersed with content throughout the file. As a result, transcoder

30 may be unable to extract media information 90 from a Type A source file 80 when

transcoder 30 first begins transcoding the relevant source file 80 and thus may be

unable to access the data which transcoder 30 would otherwise use to generate media

information for the corresponding target files 82. The requesting client 70 may expect

and/or require media information 90, however, before the requesting client 70 can

begin downloading the relevant target file 82 and/or playing content from the relevant

target file 82. As a result, for certain types of source files 80, transcoder 30 may

estimate certain properties of the requested source file 80 to generate media

information 90 for the corresponding target file 82 that will allow the requesting client

70 to begin receiving and playing content from the relevant target file 82.

In the example illustrated by FIGURE 1, source file 80a is assumed to be a

Type A media file. As a result, when transcoder 30 begins transcoding source file

80a, transcoder 30 is unable to access all of the media information 90 in source file

80a. Consequently, transcoder 30 may generate media information 90 for target file

82a using data provided in workflow 86, information available at the beginning of

source file 80a, parameters estimated by transcoder 30, and/or any other appropriate

information available to transcoder 30.

For example, in particular embodiments, part of the media information 90

created for target file 82a is dependent on the target format and rate for the requested

content. As a result, transcoder 30 may copy this data from content request 84 or

workflow 86 to the media information 90 for target file 82a. In particular

embodiments, transcoder 30 may copy such information as the frame rate, the

duration, and the types of audio and video codecs utilized by the file directly from

content request 84 or workflow 86 to the media information 90 for target file 82a.

Additionally, transcoder 30 may use information in the workflow 86 or content

request 84 to determine other fields of media information 90 for target file 82a. For



example, transcoder 30 may calculate the total number of frames in source file 80a by

multiplying a frame rate and duration available in workflow 86 and then write this

total number of frames to media information 90 in target file 82a.

Additionally, transcoder 30 may estimate parameters not available at the start

of transcoding. For example, in particular embodiments, transcoder 30 utilizes a-

priori estimation techniques to (1) estimate fields in media information 90 such as

time-stamps for audio and video frames and the size of such frames based on the

relevant coding formats and coding parameters such as the bit rate, frame rate, sample

rate, I-frame interval, and the total number of media frames in the requested source

file 80 and/or the target file 82 to be generated by transcoder 30; and (2) estimate the

interleaving format of audio and video frames in the target file 82a.

In particular embodiments, transcoder 30 may start this process by modeling

the bits per frame versus encoder parameter setting characteristics. For a given video

or audio encoding and its corresponding encoding parameter settings, the output of

transcoder 30 may be characterized to determine the minimum, maximum, and

average level of bits per frame for a given encoder parameter settings. Based on this

characterization, transcoder 30 may model frame sizes in terms of bits per frame as a

function of encoding bit rate, frame rate/sample rate, temporal location of the frame,

resolution, encoding format, and/or any other appropriate characteristic or factor. The

frame size of a target file 82 may then be estimated based upon this model. For video

media, transcoder 30 may determine the frequency of occurrence of I-frames in a bit

stream based on the encoder parameter settings and may estimate the frame size of I

frames based on this frequency. Furthermore, transcoder 30 may calculate the time

stamp difference between two consecutive frames based on the frame rate using the

following formula: (time stamp difference between two consecutive frames) =

1/(frame rate). Using this formula, transcoder 30 can then determine the time stamp

for each frame as follows: Time stamp of current frame = time stamp of immediately

previous frame + time stamp difference between consecutive frames.

Transcoder 30 may also determine an interleaving order for different types of

media data in target file 82. For example, transcoder 30 may determine that a

predetermined amount of video content will be written to target file 82 for a given

amount of audio content. Transcoder 30 may determine this order based on



constraints of the target format and/or other appropriate considerations. As discussed

further below, transcoder 30 may later use this interleaving order in writing content to

target file 82.

Based on the time stamp for each frame, the frame size, and an estimate of the

interleaving format of audio and video frames in the media, transcoder 30 can then

determine the estimated location of each individual audio and video frame in the

target file 82 to be generated by transcoder 30. Transcoder may generate media

information 90 containing the estimated location of each media frame in target file 82

and other appropriate data required or expected by client 70a. Transcoder 30 may

then transmit media information 90 to content server 50 for subsequent transmission

to client 70a.

As one example, transcoder 30 may be configured to write modified video and

audio content to target files 82 in alternating blocks that contain a fixed amount of

time of the respective type of content. As a result, transcoder 30 may determine an

amount of time, X, associated with each block of video or audio data to be written.

While this amount may be determined based on any suitable considerations,

transcoder 30 may be configured, in particular embodiments, to write audio and

video data to all target files 82 in blocks containing a predetermined amount of

content (e.g., 100 ms) regardless of the formats involved. Based on the amount of

time associated with each block and any other appropriate factors, transcoder 30 may

then determine a number of video frames and a number of audio frames to write to

each block of video and audio content, respectively, in the relevant target file 82. For

example, in particular embodiments, transcoder 30 determines the number of video

frames (Nl) to write to each block of video content based on a video frame rate (Rl)

associated with the target format, according to the equation N l X χ Rl, and

determines the number of audio frames (N2) to write to each block of audio content

based on a samples per frame value (S) associated with the target format and a sample

rate (R2) set by transcoder 30 or client 70a (e.g., based on a desired audio quality),

according to the equation N2 = X x (R2 / S). Transcoder 30 may then use the number

of video frames in each block of video data, Nl, and the number of audio frames in

each block of audio data, N2, to estimate various characteristics of the target file 82 to

be written for the current request, such as the location of each block of audio and



video content, the time stamps for each block, or the frame size for the frames written

in these blocks. These characteristics may be included in media information 90

generated by transcoder 30 and transmitted to client 70a. Additionally, as described

further below, transcoder 30 may write data to the relevant target file 82 in

conformance with or based in some manner on these estimated characteristics.

In particular embodiments with a greater tolerance for latency, transcoder 30

may transcode a few frames of audio and/or video content to be written to target file

82a and buffer these frames for analysis before generating media information 90.

Transcoder 30 may then refine the parameters estimated based on the above-described

techniques using data from the actual encoded media frames. Consequently,

transcoder may be able to achieved improved frame-size estimates as a result.

Transcoder 30 may then utilize the improved frame-size estimates to generate media

information 90 for frames that have not yet been transcoded. Transcoder 30 may then

transmit data for the transcoded frames and the estimated data for the still-to-be

transcoded frames together to client 70a as media information 90.

After estimating media information 90 for use by client 70a, transcoder 30

may then begin modifying content from source file 80a from a source format to a

target format. As noted above, transcoder 30 may transcode, transrate, adjust the

resolution of, or otherwise modify content or characteristics of the requested source

file 80 in any appropriate manner to make the content suitable for transmission to

and/or playback by the requesting client 70. Transcoder 30 then writes modified

content from source file 80a to a target file 82 (here, target file 82a) in modified

content store 22.

In particular embodiments, because the media information 90 generated by

transcoder 30 will be used by client 70a to request content from target file 82a,

transcoder 30 may use media information 90 to determine how content should be

written to target file 82a. As one example, in particular embodiments, transcoder 30

writes video and audio content to target file 82a in separate blocks that include a fixed

number of video frames (Nl) and audio frames (N2). N l and N2 may be calculated

by transcoder 30 before generating media information 90, as described above. In

such embodiments, transcoder 30 may calculate estimated block locations and time

stamps for each block of media content based on N l and N2 and may include the



estimated block locations and time stamps in media information 90 that is transmitted

to client 70a. Transcoder 30 may then write video and audio content to target file 82a

consistent with the block locations and time stamps communicated to client 70a.

As another example, in particular embodiments, transcoder 30 compares the

frame size of transcoded video frames to an estimated video frame size included in

media information 90 transmitted to client 70a. If transcoder 30 determines that a

transcoded video frame currently being generated for target file 82a is larger than the

video frame size included in media information 90, transcoder 30 may discard the

generated video frame and replace the discarded frame in target file 82a with an

appropriate form of dummy frame (e.g. , a frame with all zeros that client 70a will read

as a non-coded frame) or otherwise modify the frame that is written to target file 82a

to ensure that the relevant frame does not exceed the video frame size identified in

media information 90. Because such frames are most likely to occur in temporal

locations in target file 82a that will be less affected by the missing frames, dropping

these frames altogether may not result in significantly degraded video quality. On the

other hand, if the generated video frame is smaller than the video frame size,

transcoder 30 may pad the frame with zeros or otherwise modify the frame that is

written to target file 82a to ensure that the relevant frame is not smaller than the

expected video frame size. Similarly, transcoder 30 may use interleaving information

in media information 90 to determine an appropriate interleaving pattern for audio and

video content transcoder 30 writes to target file 82a.

As yet another example, in particular embodiments, transcoder 30 may

generate audio frames for target file 82a that each include an end-of-frame marker

(e.g., ID_END in case of Advanced Audio Coding (AAC)) marking the end of the

audio frame. In such embodiments, transcoder 30 may estimate a frame size for audio

frames as part of generating media information 90. Then, when generating audio

frames for target file 82a, transcoder 30 may compare each audio frame generated to

the estimated frame size. If a particular audio frame is smaller than the estimated

audio frame size, transcoder 30 may insert a sufficient number of dummy bits (e.g.,

fill_elements in case of Advanced Audio Coding) or zero-valued bits between the last

bit of the content data and the end-of-frame marker in the relevant frame to ensure

that the size of that audio frame matches the estimated audio frame size.



After client 70a receives media information 90 from transcoder 30, client 70a

may request content from target file 82a based on the received media information 90.

For example, in particular embodiments, client 70a may initiate a progressive

download of target file 82a by transmitting an HTTP "GET" request that has a range

field identifying a portion of target file 82a (such as a particular set of audio and video

frames) determined by client 70a based on the received media information 90.

Content server 50 may then transmit requested portions of target file 82a to client 70a,

and client 70a may initiate playback of target file 82a. In particular embodiments,

client 70a may be able to begin playback of content from target file 82a before

transcoder 30 has finished writing all of the transcoded media to target file 82a.

Transcoder 30 may continue to transcode content from source file 80a and

write transcoded content to target file 82a. Additionally, client 70a may continue to

request content from target file 82a until all of the content has been retrieved from

target file 82a and played by client 70a. Content server 50 may then transmit an end-

of-file indication to client 70a, and client 70a may terminate playback of the requested

content.

Under certain circumstances, client 70a may request a portion of the data in

target file 82a before transcoder 30 has written that portion to target file 82a.

Particular embodiments of system 10 may address such situations by utilizing data-

flow metering techniques. Data-flow metering techniques control the rate at which

client 70a receives data from target file 82a to maintain smooth playback. System 10

may implement data flow metering in several different ways.

For example, if content server 50 is transmitting content to client 70a as part

of a progressive download, transcoder 30 may calculate the total file size (S) in bits

before progressive downloading begins or estimate S based upon target format media

parameters such as the video bit rate, audio bit rate, media information size, and

duration. Transcoder 30 may estimate S for Type-A files by summing the estimated

size of media information 90 in the header and the estimated size of media

information 90 for all the media frames in target file 82. For Type-B files, transcoder

30 may compute S using the equation:

S = (V x T) + (A x T) + M,



where V is the video bit rate, A is the audio bit rate, T is the duration of source file

80a and M is the sum of media information 90 in target file 82, including both the size

of media information associated with the file as a whole and media information

associated with individual frames of audio or video content. Transcoder 30 provides

the file size, S, to content server 50 so that content server 50 can utilize this

information for data flow metering.

Using the total file size, S, and the duration, T, transcoder 30 or content server

50 may then determine the minimum data rate, R, that will allow for smooth playback

according to the equation: R = S ÷ T. In particular embodiments, content server 50

may then use the minimum data rate, R, to determine an appropriate rate at which to

transmit content to client 70a.

As one example, transcoder 30 may calculate a rate of (R + α) for transmitting

content to client 70a, where α is a safety margin added to compensate for data rate

jitter from client 70a. In particular embodiments, content server 50 may begin

transmitting content from target file 82 to client 70a with an initial setting of α = 0.1 x

R and may adjust the value of α adaptively during transmission based on the

transcoding speed of transcoder 30 and the data speed at which client 70a requests

data. Client 70a may then send requests for blocks of data from target file 82

periodically at certain intervals based on a buffer length and a media playback speed

associated with client 70a, and content server 50 may determine an appropriate

amount of content to send client 70a based on the calculated rate. In such an

embodiment, if two consecutive requests from client 70a come to content server at

times t t l and t = t2, content server 50 calculates the total size of data to be sent to

client 70a at time t = t2, as (R + α) x (t2 - tl). As a result, content server 50 sends (R

+ α) x (t2 - tl) bits of data to client 70a at t = t2. Alternatively, if client 70a sends

only one request at the beginning of transmission for a single block of data with size

equal to the size of target file 82, content server 50 may periodically send a packet of

size N bits at an interval of (N ÷ (R + α)) seconds on an average basis, where N is

typically less than or equal to the maximum allowable transport control protocol

(TCP) packet size and the maximum allowable HTTP packet size.



In addition to data-flow metering, particular embodiments of system 10 may

also utilize certain techniques to handle a dynamic rate of transcoding. Even if

transcoder 30 is transcoding at real-time on average, its instantaneous performance

may vary from frame to frame (e.g., faster for I-frames and slower for P-frames) or

from scene to scene (e.g., slower during high motion scenes and faster during low

motion scenes). To deal with this variation in transcoding speed, particular

embodiments of system 10 may implement a wait-time control algorithm. In such

embodiments, if a requested portion of target file 82a is not available for content

server 50 to send to client 70a when requested by client 70a, then content server 50

may wait up to a predetermined or dynamically set amount of time, or "wait time,"

before responding. If the requested data from target file 82a is written to target file

82a by transcoder 30 within the wait time, then content server 50 sends the data to

client 70a and resumes normal operation thereafter. Otherwise, if the requested data

is not written to target file 82a within the wait time then at the end of the wait-time,

content server 50 may send an end-of-file (EOF) to client 70a, thereby terminating the

transmission session, or take other suitable remedial measures.

In particular embodiments, the wait time may be initially set based on the

video frame rate and then adaptively adjusted during the session based on the request

rate, data availability, performance of transcoder 30, and/or other suitable factors. For

example, in particular embodiments, content server 50 may calculate a wait time

value that is initially equal to one order of magnitude of the multiplicative inverse of

the video frame rate, or W = 10 x ( 1 ÷ Video Frame Rate). System 10 may then

utilize this calculated wait-time value, W, as an upper bound on the amount of time

content server 50 will wait for the requested information. In such embodiments,

content server 50 may be designed to continually poll the file every 0.01 second, but

for no longer than W seconds. Therefore as soon as the requested data from target file

82 is available, content server 50 will almost immediately retrieve and transmit the

data to client 70a. If after W seconds, the requested content is not available in target

file 82a, content server may then transmit an EOF or take other appropriate steps.

To facilitate use of data-flow metering, wait time values, and other aspects of

the interaction between content server 50 and client 70a, transcoder 30 may

communicate media information 90 and various other data to content server 50 at the



beginning of transcoding or at other appropriate points before the creation of target

file 82 is completed. Similarly, transcoder 30 may store other values required by

specific client-side protocols or necessary to facilitate delivery to clients having

certain capability limitations in a file accessible by content server 50. Thus, in

particular embodiments, transcoder 30 writes three parameters ~ the estimated file

size (S), the data rate (R), and the initial wait-time (W) —into a file that is accessible

by content server 50. Content server 50 may then transmit content to client 70a or

otherwise interact with client 70 based on these parameters.

Thus, by estimating file characteristics used to generate media information 90

instead of waiting until transcoding of the relevant source file 80 has been completed,

particular embodiments of system 10 may permit clients 70 to initiate play back of

requested source files 80 before such files have been fully transcoded. Furthermore,

by writing to target files 82 in a manner determined by the media information 90

transmitted to client 70a, transcoder may ensure that client 70a is able to properly

request and play content from target file 82a despite the fact that the media

information 90 client 70a used to configure itself and request content was generated

based on estimated characteristics of target file 82a. Additionally, by utilizing data-

metering and wait-time techniques to manage the transmission of content to clients

70, particular embodiments of system 10 may reduce or eliminate unnecessary or

excessive disruptions in the play back of requested content. As a result, system 10

may provide low-latency playback of media content in a variety of different formats

with minimal disruptions during playback. Particular embodiments of system 10 may

be especially effective in facilitating progressive download while transcoding the

requested content from a Flash Video (FLV) source format to a Moving Picture

Experts Group - 4 target format, commonly known as MP4 file format Thus,

particular embodiments of system 10 may provide numerous operational benefits.

Specific embodiments, however, may provide none, some, or all of these benefits.

FIGURE 2A illustrates an example media file 202 having a file structure that

may be supported by particular embodiments of system 10. As discussed above,

media file 202 is a type of file (referred to herein as "Type A") in which information

describing the media content in media file 202 is spread throughout media file 202.

Examples of Type A media files that may be supported by certain embodiments of



system 10 include, but are not limited to, FLV, Audio Video Interleave (AVI), and

MPEG-I files. As shown in FIGURE 2A, media information 90 for media file 202

includes header information 204 and frame information 206. Although FIGURE 2A

illustrates an example of a Type A file that may be supported by particular

embodiments of system 10, alternative embodiments of system 10 may be capable of

supporting other types of files having multiple sets of media information and/or media

information located somewhere other than the beginning of the file.

FIGURE 2B illustrates an example media file 212 having an alternative file

structure that may be supported by particular embodiments of system 10. As

discussed above, media file 212 is a type of file (referred to herein as "Type B") in

which information describing the media content in media file 212 is segregated at the

beginning of media file 212. Examples of Type B media files that may be supported

by certain embodiments of system 10 include, but are not limited to, MP4, 3GP, and

Quicktime files. As shown in FIGURE 2B, media file 212 includes only a single

block of media information 214 at the beginning of media file 212. Although

FIGURE 2B illustrates an example of a Type B file that may be supported by

particular embodiments of system 10, alternative embodiments of system 10 may be

capable of supporting other types of files that include a single block of media

information 90 located at the beginning of the file.

FIGURE 3 is a block diagram illustrating in greater detail the contents and

operation of a particular embodiment of transcoder 30. In general, as discussed above

with respect to FIGURE 1, transcoder 30 retrieves or otherwise receives content for

delivery to clients 70, modifies the retrieved content in an appropriate manner to

create target files 82, and generates corresponding media information 90 to facilitate

transmission of the modified content to the requesting client 70. As shown in

FIGURE 3, transcoder 30 may include a processor 310, a memory 320, a host

interface module 330, a network interface module 340, a storage interface module

350, and one or more transcoding modules 360.

Processor 310 may represent or include any form of processing component,

including general purpose computers, dedicated microprocessors, or other processing

devices capable of processing electronic information. Examples of processor 310-

include digital signal processors (DSPs), application-specific integrated circuits



(ASICs), field-programmable gate arrays (FPGAs), and any other suitable specific or

general purpose processors. Although FIGURE 3 illustrates a particular embodiment

of transcoder 30 that includes a single processor 310, transcoder 30 may, in general,

include any suitable number of processors 310.

Memory 320 stores processor instructions, codecs, and/or values and

parameters utilized by transcoder 30 during operation. Memory 320 may comprise

any collection and arrangement of volatile or non-volatile, components suitable for

storing data, such as for example random access memory (RAM) devices, read only

memory (ROM) devices, magnetic storage devices, optical storage devices, or any

other suitable data storage devices. In particular embodiments, memory 320 may

represent, in part, computer-readable media on which computer instructions are

encoded. In such embodiments, some or all the described functionality of transcoder

30 may be provided by processor 310 executing the instructions encoded on the

described media. Although shown in FIGURE 3 as a single component, memory 320

may represent any number of memory elements within, local to, or accessible by

transcoder 30.

Host interface module 330 couples transcoder 30 to host processor 40 to

facilitate communication and data flow between host processor 40 and transcoder 30.

For example, transcoder 30 may receive workflow 86 from host processor 40 through

host interface module 330. Transcoder 30 may also use host interface module 330 to

transmit messages to host processor 40 indicating that transcoder 30 has completed

processing of a previously-received workflow 86 and is ready for additional

assignments. In certain embodiments, communications and data flow between

transcoder 30 and host processor 40 may alternatively occur via network interface

module 340.

Network interface module 340 couples transcoder 30 to appropriate

components of system 10 to facilitate communication over network 60 between

transcoder 30 and content server 50 and/or other appropriate components of system 10

regarding content-delivery operations performed by transcoder 30. For example,

transcoder 30 may utilize network interface module 340 to transmit media

information 90 to content server 50. In particular embodiments, network interface



module 340 includes or represents one or more network interface cards (NICs)

suitable for packet-based communication over network 60.

Storage interface module 350 facilitates communication of content between

transcoder 30 and various storage components of system 10. Specifically, transcoder

30 receives content from original content store 20 and communicates content to and

from modified content store 22 through storage interface module 350. To support

multiple simultaneous transcoding processes, storage interface module 350 may

include multiple ports through which storage interface module 350 can

receive/transmit multiple flows simultaneously from/to transcoded original content

store 20 and/or modified content store 22.

In particular embodiments, original content store 20 and modified content

store 22 are both remote from transcoder 30. As a result, in such embodiments,

storage interface module 350 may represent, in part or in whole, elements of network

interface module 340. In alternative embodiments, one or both of original content

store 20 or modified content store 22 may represent memory components internal to

transcoder 30, such as memory 320. In such embodiments, storage interface module

350 may represent, in whole or in part, a memory bus and/or other suitable

components configured to communicate information between internal memory

components and other components of transcoder 30.

Transcoding module(s) 360 modifies content in source files 80 from source

formats to target formats suitable for transmission and playback by specific clients 70.

In particular embodiments, transcoder 30 may include multiple transcoding modules

360 capable of translating, transcoding, transrating, and/or otherwise modifying

various different types of content based on a target format for a received request. In

certain embodiments that include multiple transcoding modules 360, transcoding

modules 360 maybe capable of operating concurrently so that multiple sets of content

can be modified simultaneously. As one specific example, particular embodiments of

transcoder 30 may contain a plurality of transcoding modules 360 with each

transcoding module 360 representing or including a digital signal processor (DSP).

Each DSP may have a portion of memory 320 local to that DSP in which appropriate

information for encoding/decoding multiple different codecs is stored. As a result,



transcoder 30 may provide a robust, power-efficient, compact platform for realtime

transcoding in a high-traffic system.

In general, each of host interface module 330, network interface module 340,

storage interface module 350, and transcoding module(s) 360 may represent any

appropriate combination of hardware and/or software suitable to provide the described

functionality. Additionally, any two or more of host interface module 330, network

interface module 340, storage interface module 350, and transcoding module(s) 360

may represent or include common elements. In particular embodiments, host

interface module 330, network interface module 340, storage interface module 350,

and transcoding module(s) 360 represent, in part, software applications being

executed by processor 310.

FIGURE 4 is a flowchart illustrating operation of a particular embodiment of

system 10 in delivering content to a requesting client 70. The steps illustrated in

FIGURE 4 may be combined, modified, or deleted where appropriate, and additional

steps may also be added to those shown. Additionally, the steps may be performed in

any suitable order without departing from the scope of the invention.

Operation begins, at step 410, with content server 50 receiving a content

request 84 from a particular client 70. As discussed above, content request 84 may

represent any appropriate form of request suitable for the requesting client 70 to

request content from content server 50. In particular embodiments, content request 84

represents an HTTP request specifying a universal resource location (URL) associated

with a requested source file 80.

At step 420, content server 50 identifies a source file 80 containing media

content associated with the received content request 84. The identified source file 80

has a source format that may be incompatible with or unsuitable for transmission to or

playback by the requesting client 70. As a result, at step 430, content server 50 (or

other appropriate components of system 10) may initiate creation of a target file 82

associated with the received content request 84 . In particular embodiments, content

server 50 may initiate creation of target file 82 by forwarding content request 84 to

host processor 40 or directly to transcoder 30. Host processor 40 may then forward

to an appropriate transcoder 30 content request 84 or a workflow created by host

processor 40 in response to content request 84.



Transcoder 30 may then generate media information 90 to facilitate

transmission of content from the requested source file 80 to the requesting client 70

before the corresponding target file 82 has been fully created. As part of this process,

transcoder 30 estimates one or more characteristics of the target file 82 at step 440.

Transcoder 30 may estimate any suitable characteristics of target file 82 including, but

not limited to, a file size associated with target file 82, a frame size associated with

one or more media frames to be included in target file 82, a timestamp from one or

more of such media frames, and/or a location for one or more of such media frames.

At step 450, transcoder 30 then generates media information for target file 82

based on the estimated characteristics and other appropriate information associated

with the relevant source file 80, its content, and/or the requesting client 70.

Transcoder 30, host processor 40, content server 50, or other appropriate elements of

system 10 then transmit the generated media information 90 to the requesting client

70 at step 460. For example, transcoder 30 may write the generated media

information 90 to the corresponding target file 82, and content server 50 may read the

relevant media information 90 from transcoded content store 22 and transmit this

media information 90 to the requesting client 70. As shown by FIGURE 4, in

particular embodiments, the generated media information 90 may be transmitted to

the requesting client 70 before creation of the corresponding target file 82 has been

completed.

In the illustrated example, transcoder 30 then begins, at step 470, modifying

content in source file 80 to convert this content to a target format associated with the

received content request 84. Although FIGURE 4 illustrates an embodiment in

which transcoder 30 estimates characteristics of target file 82 before modifying any

content from source file 80, in alternative embodiments, transcoder 30 may modify a

portion of source file 80 and use characteristics of the modified portion as the basis

for estimating characteristics of target file 82 as a whole. Thus, in particular

embodiments, transcoder 30 may begin modifying at least a portion of the content in

source file 80 before estimating relevant characteristics of target file 82 and/or

generating media information 90 for target file 82.

In particular embodiments, transcoder 30 may modify content from source file

80 in a manner such that the modified content conforms with the media information



90 transmitted to the requesting client 70. For example, in particular embodiments,

transcoder 30 may generate a media frame in the target format containing content

from the requested source file 80. If the media frame is larger than an estimated

frame size for the relevant type of media, transcoder 30 may discard the frame of

modified content and/or alter the frame in a suitable manner to fit the estimated frame

size (e.g., by writing a frame of zeros to the corresponding target file 82).

Alternatively, if the media frame is smaller than an estimated frame size for the

relevant type of media, transcoder 30 may discard the frame of modified content

and/or alter the frame in a suitable manner to fit the estimated frame size (e.g., by

padding the frame with non-data bits, such as a series of zeros, before writing the

frame to the corresponding target file 82).

At step 480, transcoder 30 writes modified content from source file 80 to the

corresponding target file 82. In particular embodiments, transcoder 30 may write

modified content to the corresponding target file 82 based on the media information

90 transmitted to the requesting client 70. For example, transcoder 30 may write

frames of modified media content to the corresponding target file 82 at locations

within the relevant target file 82 specified by media information 90 transmitted to the

requesting client 70.

While transcoder 30 is writing modified content to target file 82, content

server 50 may transmit content from the corresponding target file 82 to the requesting

client 70 at step 490. For example, in particular embodiments, content server 50 may

transmit content from the relevant target file 82 to the requesting client 70 as part of a

progressive download. In such embodiments, content server 50 may receive a series

of requests from the requesting client 70 indicating successive portions of the relevant

target file 82 that the requesting client 70 is ready to receive. Content server 50 may

transmit content from the corresponding target file 82 to the requesting client 70 in

response to these requests.

Transcoder 30 may continue writing modified content to the corresponding

target file 82 and content server 50 may continue transmitting content from the

relevant target file 82 to the requesting client 70. This process may be repeated until

transcoder 30 has completed modifying and writing content from the requested source

file 80 to the corresponding target file 82 and completed creation of target file 82



and/or until content server 50 has completed transmitting content from the

corresponding target file 82 to the requesting client 70. Thus, transcoder 30, content

server 50, and/or other appropriate elements of system 10 may determine whether

more content remains to be written and/or transmitted and repeat steps 470, 480,

and/or 490 as represented by step 500 in FIGURE 4. If not, operation of this

example embodiment of system 10 with respect to delivering the requested content

may end as shown in FIGURE 4.

Although the present invention has been described with several embodiments,

a myriad of changes, variations, alterations, transformations, and modifications may

be suggested to one skilled in the art, and it is intended that the present invention

encompass such changes, variations, alterations, transformations, and modifications as

fall within the scope of the appended claims.



WHAT IS CLAIMED IS:

1. A method for delivering media content, comprising:

receiving a request for media content from a client;

identifying a first media file containing media content associated with the

request, wherein the first file has a first media format;

estimating one or more characteristics of a second media file based, at least in

part, on the first media file, wherein the second media file has a second media format;

generating media information for the second media file based, at least in part,

on the estimated characteristics of the second media file;

initiating creation of the second media file associated with the request; and

transmitting the media information to the client before creation of the second

media file has been completed.

2. The method of Claim 1, wherein estimating one or more characteristics

of the second media file comprises calculating a frame size for each of a plurality of

media frames associated with the media content.

3. The method of Claim 1, wherein estimating one or more characteristics

of the second media file comprises calculating a time stamp for each of a plurality of

media frames associated with the media content.

4. The method of Claim 1, wherein generating media information

comprises determining a location in the second media file for each of a plurality of

media frames in the first media file.

5. The method of Claim 1, wherein generating media information

comprises determining an amount of time associated with each block of content to be

written to the second media file.



6. The method of Claim 1, wherein generating media information

comprises:

determining an amount of time associated with each block of content to be

written to the second media file; and

determining a number of video frames in each block of video content based on

the amount of time and a video frame rate associated with the second media file.

7. The method of Claim 1, wherein generating media information

comprises:

determining an amount of time associated with each block of content to be

written to the second media file; and

determining a number of audio frames in each block of audio content based on

the amount of time, an audio sample rate, and a number of samples per audio frame

associated with the second media file.

8. The method of Claim 1, further comprising writing media content to

the second media file based, at least in part, on the generated media information.

9. The method of Claim 8, wherein writing media content to the second

media file comprises:

generating a media frame in the second format;

determining whether the generated media frame is larger than an estimated

frame size; and

in response to determining that the generated media frame is larger than the

estimated frame size, discarding the generated media frame.

10. The method of Claim 8, wherein writing media content to the media

file comprises:

generating a media frame in the second format;

determining whether the generated media frame is smaller than an estimated

frame size; and



in response to determining that the generated media frame is smaller than the

estimated frame size, adding dummy bits to the generated media frame.

11. The method of Claim 1, further comprising transmitting a portion of

the second media file to the client before creation of the second media file has been

completed.

12. The method of Claim 11, wherein transmitting the portion of the

second media file to the client comprises transmitting the portion to the client as part

of a progressive download of the second media file.

13. The method of Claim 11, further comprising initiating, at the client,

playback of the portion of the second media fi le before creation of the second media

file has been completed.

14. The method of Claim 1, wherein estimating one or more characteristics

of the second media file comprises estimating one or more characteristics of the

second media file before any media content is written to the second file.

15. The method of Claim 1, wherein estimating one or more characteristics

of the second media file comprises:

generating one or more media frames in the second format based, at least in

part, on the first media file; and

estimating the one or more characteristics of the second media file based on

the generated media frames.

16 . An apparatus for processing media content, comprising:

a memory operable to store processor instructions;

a processor operable to execute the processor instructions and, while executing

the processor instructions, operable to:

receive a request for media content from a client;



identify a first media file containing media content associated with the

request, wherein the first file has a first media format;

estimate one or more characteristics of a second media file based, at

least in part, on the first media file, wherein the second media file has a second

media format;

generate media information for the second media file based, at least in

part, on the estimated characteristics of the second media file;

initiate creation of the second media file associated with the request;

and

transmit the media information to the client before creation of the

second media file has been completed.

17. The apparatus of Claim 16, wherein the processor is operable to

estimate one or more characteristics of the second media file by calculating a frame

size for each of a plurality of media frames associated with the media content.

18. The apparatus of Claim 16, wherein the processor is operable to

estimate one or more characteristics of the second media file by calculating a time

stamp for each of a plurality of media frames associated with the media content.

19. The apparatus of Claim 16, wherein the processor is operable to

estimate one or more characteristics of the second media file by determining a

location in the second media file for each of a plurality of media frames in the first

media file.

20. The apparatus of Claim 16, wherein the processor is operable to

generate the media information by determining an amount of time associated with

each block of content to be written to the second media file.

21. The apparatus of Claim 16, wherein the processor is operable to

generate media information by:



determining an amount of time associated with each block of content to be

written to the second media file; and

determining a number of video frames in each block of video content based on

the amount of time and a video frame rate associated with the second media file.

22. The apparatus of Claim 16, wherein the processor is operable to

generate media information by:

determining an amount of time associated with each block of content to be

written to the second media file; and

determining a number of audio frames in each block of audio content based on

the amount of time, an audio sample rate, and a number of samples per audio frame

associated with the second media file.

23. The apparatus of Claim 16, wherein the processor is further operable to

write media content to the second media file based, at least in part, on the generated

media information.

24. The apparatus of Claim 23, wherein the processor is operable to write

media content to the second media file by:

generating a media frame in the second format;

determining whether the generated media frame is larger than an estimated

frame size; and

in response to determining that the generated media frame is larger than the

estimated frame size, discarding the generated media frame.

25. The apparatus of Claim 23, wherein the processor is operable to write

media content to the second media file by:

generating a media frame in the second format;

determining whether the generated media frame is smaller than an estimated

frame size; and

in response to determining that the generated media frame is smaller than the

estimated frame size, adding dummy bits to the generated media frame.



26. The apparatus of Claim 16, wherein the processor is further operable to

transmit a portion of the second media file to the client before creation of the second

media file has been completed.

27. The apparatus of Claim 26, wherein the processor is operable to

transmit the portion of the second media file to the client by transmitting the portion

to the client as part of a progressive download of the second media file.

28. The apparatus of Claim 16, wherein the processor is operable to

estimate one or more characteristics of the second media file by estimating one or

more characteristics of the second media file before any media content is written to

the second file.

29. The apparatus of Claim 16, wherein the processor is operable to

estimate one or more characteristics of the second media file by:

generating one or more media frames in the second format based, at least in

part, on the first media file; and

estimating the one or more characteristics of the second media file based on

the generated media frames.

30. A system for delivering media content, comprising:

a transcoder comprising:

a memory operable to store processor instructions for the transcoder;

and

a processor operable, when executing the processor instructions for the

transcoder, to:

receive a request for media content from a client;

identify a first media file containing media content associated

with the request, wherein the first file has a first media format;



estimate one or more characteristics of a second media file

based, at least in part, on the first media file, wherein the second media

file has a second media format;

generate media information for the second media file based, at

least in part, on the estimated characteristics of the second media file;

initiate creation of the second media file associated with the

request; and

transmit the media information to the client before creation of

the second media file has been completed; and

the client operable to :

receive the media information;

request at least a portion of the second media file from the transcoder;

and

play the portion of the second media file based on the received media

information.
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