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(57) ABSTRACT 

A system and method for providing multiple audio streams 
for a video over a network such as the Internet. The system 
comprises a server that includes an encryption unit and a 
slicing unit, a plurality of boxes, and an ordering box. The 
server encodes multiple audio streams and a single video to 
be sliced into segments. The sliced segments of multiple 
audio streams and the single video are seeded to a number 
of the plurality of boxes. This may be repeated for other 
videos With multiple streams. When the ordering box makes 
a request for a single video With a single audio, then the 
number of boxes With segments of the requested video and 
multiple audio streams, ?lters and sends the requested video 
and requested single audio stream to the ordering box. 
Similarly, multiple closed caption streams can be handled 
and provided like the audio streams. 
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MULTIPLE AUDIO STREAMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to US. application Ser. 
No. 11/388,613, entitled “System and Method for Trick Play 
of Highly Compressed Video Data,” ?led Mar. 23, 2006, and 
US. application Ser. No. 11/331,113, entitled “Access Con 
trol of Media Services Over an Open NetWor ” and ?led 
Jan. 10, 2006, and US. application Ser. No. 11/075,573, 
entitled “Continuous Data Feeding in a Distributed Envi 
ronment” and ?led Mar. 9, 2005, Which patent applications 
are incorporated herein by reference in their entirety for all 
purposes. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] The present invention is generally related to mul 
timedia delivery over the Internet. Particularly, the present 
invention is related to techniques providing media services 
including movies With multiple audio streams on an open 
netWork, such as the Internet. 
[0004] 2. Description of the Related Art 
[0005] Continuous or on-demand media data such as video 
and audio programs have been broadcasted over data net 
Works (e.g., the Internet). Broadcast of such media infor 
mation over data netWorks by digital broadcasting systems 
provides many advantages and bene?ts that cannot be 
matched by current television cable systems or over-the-air 
broadcasting. 
[0006] With the media-over-netWork systems, service pro 
viders are often able to draW vieWers into an exciting, 
interactive and enhanced television or vieWing experience. 
Video-On-Demand (V OD) or Near V1deo-On-Demand 
(NVOD) collectively referred to herein as VOD programs 
are examples of the interactive television programs typically 
provided by a service provider to its subscribers. VOD 
programs are video sessions that subscribers can order 
Whenever they Want or per NVOD schedules. FIG. 1 shoWs 
a video delivery system 100 that is commonly used for 
delivering VOD programs over a netWork. The video deliv 
ery system 100 includes a video server 102 that is sometimes 
referred to as a head-end. Through a data netWork 104, the 
video server 102 can provide continuous, scheduled and 
video-on-demand (V OD) services to respective client 
machines 106-1, 106-2, . . . 106-n (i.e., its subscribers). The 
server 102 is further coupled to a media storage device 112 
that may be con?gured to store various media ?les (e.g., 
movies or neWs footage). The media storage device 112 
must be on-line, store and supply titles scheduled or 
demanded for delivery to any of the client machines 106-1, 
106-2, . . . 106-n. 

[0007] To ensure quality of service (QoS), the bandWidth 
requirement of the netWork path (e.g., 108-1, 108-2, . . . 
108-n) to each ofthe client machines 106-1, 106-2, . . . 106-n 

has to be suf?cient. HoWever, as the number of the sub 
scribers continues to increase, the demand on the bandWidth 
of the backbone netWork path 110 increases linearly, and the 
overall cost of the system 100 increases considerably at the 
same time. If the server has a ?xed bandWidth limit and 
system support capability, an increase in the number of 
subscribers beyond a certain threshold Will result in sloWer 
transfer of data to clients. In other Words, the transmission 
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of the video data over the netWork 104 to the subscribers via 
the client machines 106-1, 106-2, . . . 106-n is no longer 

guaranteed. When the video data is not received in a client 
machine on time, the display of the video data may fail or 
at least become jittery. 
[0008] To alleviate such loading problem to the video 
server 102, a video delivery system often employs multiple 
video servers as rendering farms, perhaps in multiple loca 
tions. Each of the video servers, similar to the video server 
102, is con?gured to support a limited number of subscrib 
ers. Whenever the number of subscribers goes beyond the 
capacity of a video server or the bandWidth thereof, an 
additional video server needs to be deployed or additional 
bandWidth needs to be allocated. Subsequently, overall costs 
go up considerably When more subscribers sign up With the 
video delivery system 100. 
[0009] Although more servers may be added to accom 
modate more subscribers, the implementation of the video 
server 102 present many challenges to consider in delivering 
programs over an open network. In general, movies come 
With a number of different audio tracks. Typically, a movie 
may include respective audio tracks in English, Spanish, 
French, Chinese, or other languages. Streaming multiple 
audio streams for each video increases the bandWidth 
requirements of the netWork. Increasing the bandWidth 
requirement for multiple audio tracks makes the overall cost 
of the system 100 too costly and may not be practically 
possible. 
[0010] There have been various e?fort toWards providing 
multiple audio tracks for a movie. One approach is to treat 
video With different audio tracks as different movies. For 
example, a video With English audio track is treated as a 
different movie from the same video With Spanish audio 
track. HoWever, such an approach Wastes storage space and 
bandWidth by duplicating videos for different audio tracks. 
[0011] Thus, there is a need for improved techniques for 
cost effective Ways for service providers to deliver programs 
With multiple audios to subscribers over an open netWork. 

SUMMARY 

[0012] This section is for the purpose of summarizing 
some aspects of embodiments of the present invention and 
to brie?y introduce some preferred embodiments. Simpli? 
cations or omissions in this section as Well as the title and the 
abstract of this disclosure may be made to avoid obscuring 
the purpose of the section, the title and the abstract. Such 
simpli?cations or omissions are not intended to limit the 
scope of the present invention. 
[0013] In general, the present invention relates to tech 
niques for providing media services over an open netWork. 
To ensure that multiple audio streams are available for a 
video, the present invention provides techniques for encod 
ing and sending multiple audio streams, and single video 
stream into a transportiseeding a “fat” transport. Then, 
streaming a transport With a single audio and a single video 
With other audios ?ltered out to a subscriberistreaming a 
“lean” transport. 
[0014] According to another embodiment, the embodi 
ment comprises encoding and sending each video and audio 
stream separately, then streaming a transport With requested 
single audio and single video in real-time. 
[0015] According to one aspect of the present invention, 
data pertaining to a title is divided or organiZed into several 
segments that are distributed among boxes in service. Gen 
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eral orders of titles being offered in a library are ful?lled by 
a group of selected client devices (e.g., boxes) delivering 
respective segments to an ordering box. Special orders of 
certain programs (e.g., a live event or a rare title not included 

in the library) are ful?lled directly by a server. In addition, 
the server is con?gured to supply some of the segments to 
an ordering box or back up any one of the selected boxes 
designated to supply the needed data to an ordering box. 
Because of its inherent superior computing poWer and more 
bandWidth, the server may deliver more than one segment at 
a time. The architecture contemplated in the present inven 
tion offers the ?exibilities of being relatively independent 
from the number of users While, at the same time, o?cering 
centraliZed management or services to the users. The present 
invention inherently distributes load among client devices in 
service by using the computing poWer and bandWidth col 
lectively available at any time in the client devices. Further 
more, much of the traditional server functionality noW gets 
distributed among the client devices in service. 

[0016] Embodiments of the invention may be imple 
mented in numerous Ways, including a method, system, 
device, or a computer readable medium. Several embodi 
ments of the invention are discussed beloW. In one embodi 

ment, the invention provides a method of providing media 
services over a netWork, the method comprises: receiving a 
request from one of a plurality of boxes (hereinafter “order 
ing box”), the request including an order of a title and an 
audio. The embodiments further comprise identifying one or 
more of the boxes other than the ordering box to provide 
distributed segments pertaining to the title to the ordering 
box, Wherein the ordering box proceeds With doWnloading 
the distributed segments, and a playback of the title based on 
the distributed segments together With residing segments, if 
any, is started or continued. 

[0017] According to another embodiment, the invention 
provides a system for providing media services, the system 
comprises a server coupled to a netWork and con?gured to 
manage the medial services, and a plurality of boxes coupled 
to the netWork, Wherein one of the boxes (herein after 
“ordering box”) initiating a request including an order of a 
title communicates directly With the server con?gured to 
proceed With identifying one or more of the boxes other than 
the ordering box to provide distributed segments pertaining 
to the title to the ordering box, Wherein the ordering box 
proceeds With doWnloading the distributed segments, and a 
playback of the title based on the distributed segments 
together With residing segments, if any, is started or contin 
ued. One of the objects, features, and advantages of the 
present invention is to provide various techniques related to 
streaming multiple audio tracks based on a distributed 
architecture, a client-server architecture, and a hybrid archi 
tecture taking the bene?ts, features, and advantages of both 
distributed architecture and client-server architecture. 

[0018] It should be understood that each technique so 
described herein has its oWn distinctive features, and all 
techniques in combination yield an equally independently 
novel combination as Well, even if combined in their broad 
est sense; i.e., With less than the speci?c manner in Which 
each of the techniques has been reduced to practice. 

[0019] Other objects, features, and advantages of the 
present invention Will become apparent upon examining the 
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folloWing detailed description of an embodiment thereof, 
taken in conjunction With the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The invention Will be readily understood by the 
folloWing detailed description in conjunction With the 
accompanying draWings, Wherein like reference numerals 
designate like structural elements, and in Which: 
[0021] FIG. 1 shoWs a video delivery system that is 
commonly used for delivering video services over a net 
Work, also referred to as a server-and-client architecture; 
[0022] FIG. 2 shoWs a con?guration of a distributed 
netWork system in accordance With an embodiment of the 
present invention; 
[0023] FIG. 3A shoWs data steams in accordance With one 
embodiment of the invention. 
[0024] FIG. 3B, according to one embodiment, a ?le is 
being organiZed or fragmented in terms of four segments; 
[0025] FIG. 3C shoWs another embodiment in Which a ?le 
is being organiZed or fragmented in terms of a head and four 
segments, Where the head is alWays locally cached; 
[0026] FIG. 3D shoWs a data stream representing a ?le or 
a majority of a ?le, the ?le is being divided into four 
segments; 
[0027] FIG. 4A shoWs an exemplary architecture that 
combines both the traditional client and server architecture 
of FIG. 1 and the distributed architecture of FIG.2A. 
[0028] FIG. 4B shoWs an exemplary source information 
shown as a map illustrating hoW a library of 5000 movie 
titles is distributed across N boxes; 
[0029] FIG. 4C shoWs a source information map corre 
sponding to FIG. 3B, Where three other boxes are designated 
to supply the needed three segments that are together 
assembled With the locally cached segment to facilitate the 
playback of the ordered movie; 
[0030] FIG. 4D shoWs exemplary source information With 
backup boxes in a table 352 that includes a backup identi?er 
(shoWn as an IP address) for each of the designated boxes; 
[0031] FIG. 5A shoWs an embodiment of an ordering box 
retrieving and assembling segments to support a playback of 
a selected movie; 
[0032] FIG. 5B shoWs an embodiment of an ordering box 
receiving streaming directly from a server; 
[0033] FIG. 6 shoWs an exemplary con?guration in Which 
the present invention may be practiced; 
[0034] FIGS. 7A and 7B shoW ?oWcharts or processes 
according to an embodiment of the present invention; 
[0035] FIG. 8 shoWs fragmenting a multiple audio stream 
according to an embodiment of the present invention; and 
[0036] FIG. 9 shoWs replacing ?ltered out packets With 
padded packets according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] The present invention is related to techniques of 
providing multiple audio streams of media services based on 
a distributed architecture or a hybrid architecture taking the 
bene?ts, features, and advantages of both distributed archi 
tecture and client-server architecture. Di?cerent from a prior 
art system in Which one video with different audio tracks are 
treated as different movies, multiple audio streams and a 
single video are encoded together and sent to a number of 
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boxes, a single audio and a single video are streamed to an 
ordering box With other audio tracks ?ltered out by boxes 
acting as a media content provider. Alternatively, each video 
and audio is encoded and sent separately to a number of 
boxes, a single audio and a single video are encoded at a 
number of boxes to be streamed to the ordering box. As a 
result, multiple audio streams are provided for a single video 
Without using increased bandWidth. 
[0038] In the folloWing description, numerous speci?c 
details are set forth to provide a thorough understanding of 
the present invention. The present invention may be prac 
ticed Without these speci?c details. The description and 
representation herein are the means used by those experi 
enced or skilled in the art to effectively convey the substance 
of their Work to others skilled in the art. In other instances, 
Well-knoWn methods, procedures, components, and circuitry 
have not been described in detail since they are already Well 
understood and to avoid unnecessarily obscuring aspects of 
the present invention. 
[0039] Reference herein to “one embodiment” or “an 
embodiment” means that a particular feature, structure, or 
characteristic described in connection With the embodiment 
can be included in at least one implementation of the 
invention. The appearances of the phrase “in one embodi 
ment” in various places in the speci?cation are not neces 
sarily all referring to the same embodiment, nor are separate 
or alternative embodiments mutually exclusive of other 
embodiments. Further, the order of blocks in process, How 
charts or functional diagrams representing one or more 
embodiments do not inherently indicate any particular order 
nor imply limitations in the invention. 
[0040] Embodiments of the present invention are dis 
cussed herein With reference to FIGS. 2-9. HoWever, those 
skilled in the art Will readily appreciate that the detailed 
description given herein With respect to these ?gures is for 
explanatory purposes only as the invention extends beyond 
these limited embodiments. 

[0041] ShoWn as FIG. 2 of Us. patent application Ser. No. 
ll/ 075,573, FIG. 2 herein shoWs an exemplary con?guration 
200 of a distributed netWork system 100. A server 202, 
presumably managed and/or populated by a service pro 
vider, is con?gured to handle the delivery of video (or 
multimedia) services to users via local machines or boxes 
206-1, 206-2, . . . 206-n. Different from the video server 102 

of FIG. 1 that delivers video data to a subscriber upon 
receiving a request therefrom, the server 202 is not respon 
sible for delivering the content in response to a request from 
a user, and instead is con?gured to provide source informa 
tion as to Where and hoW to retrieve at least some of the 
content from other boxes. In other Words, the server 102 of 
FIG. 1 requires the media storage device 112 to provide the 
content When any of the client machines 106-1, 106-2, . . . 

106-n is being serviced, While the server 202 does not need 
necessarily a media storage device to provide the content. 
Instead, some of the boxes 206-1, 206-2, . . . 206-n are 

respectively con?gured to supply part or all of the content to 
each other. 

[0042] According to one embodiment, When ful?lling a 
request from a local machine or a box (e.g., 206-1), com 
munication betWeen the server 202 and the box 206-1 over 
the netWork paths 208-1 and 210 may be limited to small 
scale requests and responses (e.g., of small siZe and very 
infrequent). A server response to a request from a box may 
include source information (e.g., identi?ers), authoriZation 
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information and security information. Using the response 
from the server 202, the box may be activated to begin 
playback of a title (e.g., 207-1). Substantially at the same 
time, the box may initiate one or more requests to other 
boxes (e.g., 206-2 and 206-n) in accordance With the source 
identi?ers to request subsequent portions of the title (e.g., 
207-2 and 207-n). Assuming proper authorization, the 
requesting box receives the subsequent portions of the data 
concurrently from the other boxes. Because of box-to-box 
communication of content over the path 209, the bandWidth 
requirement for box-to-server communications over the net 
Work paths 208-1 and 210 is kept loW and typically short in 
duration. In the event there are a large number of user boxes 
issuing playback requests substantially at the same time, the 
bandWidth of the backbone path 210 should be suf?cient to 
avoid noticeable or burdensome delay. 

[0043] The contents available in a library being offered in 
any of the boxes 206-1, 206-2, . . . 206-n are originally 
provided by one or more content providers. Examples of the 
content providers include service satellite receivers, televi 
sion relay stations, analog or digital broadcasting station, 
movie studios and Internet sites. Depending on implemen 
tation, the contents may be initially received or originated in 
the server 202. Instead of maintaining and managing the 
content in a large storage device, the server 202 is con?gured 
to distribute the content or ?les to a plurality of local 
machines registered With the server 202. The boxes 206-1, 
206-2, . . . 206-n shoWn in FIG. 2 are examples of local 

machines in service. Unless there is a need for a backup 
copy, the server 202 at any time has no need to keep a copy 
of the content. On the other hand, unless there is a special 
need to keep a complete copy of an extremely high-demand 
title in a box, none of the boxes in service has a complete 
copy of a title until an order is placed. Consequently, With 
embedded security in the distributed objects, some embodi 
ments of the present invention may alleviate the concern of 
electronic piracy and Widespread distribution (e.g., by hack 
ing or illegal duplication). 
[0044] For convenience, it is assumed herein that a ?le 
pertaining to a title is played back When the title is selected 
and ordered by a user. When an order for a title is placed, a 
corresponding ?le must be available for playback. One of 
the features in the system 200 is that a ?le, or at least a 
portion thereof, regardless of its siZe, can be accessed 
instantaneously, thereby realiZing instantaneous VOD. 
According to one embodiment, Where a ?le is 840 Mbytes 
on average and a box includes a storage capacity of 300 
Gbytes, a system may offer a large library of titles (e.g., 
5000) for access at any time instantly. In the prior art, if the 
?les for the titles must be stored in advance to offer 
instantaneous playback, the local storage of a box Would 
have to have a capacity of 4,000 Gbytes, consequently, 
rendering instantaneous VOD economically impractical. 
[0045] According to one aspect of the present invention, 
only a beginning portion (referred to as a “head”) and 
possibly one or more tail segments of a ?le are locally 
cached in a box. Such locally cached segments are referred 
to as residing objects or segments, While segments not 
residing locally are referred to as distributed objects or 
segments. When a title is selected, the head of the corre 
sponding ?le is instantly played back. During the time the 
head is being played, the distributed objects corresponding 
to the title are retrieved simultaneously from other boxes. 
When the head is ?nished, the received parts of the distrib 
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uted segments being streamed in from other boxes is com 
bined With residing segments for the title, if any, to enable 
a continuous playback. Depending on the popularity and 
concurrent demand for a particular title, the number of 
residing objects may be increased or decreased to control the 
dependency of each box on other boxes for playback. 
Typically, the more residing objects for a title a box has, the 
more distributed copies of the title there are in the entire 
system and thus the less dependency of the ordering box on 
the other boxes. 

[0046] In one embodiment, the head is alWays played ?rst 
to ensure an instant playback. In another embodiment, the 
head siZe is reduced to Zero, in Which case, a time-?ll 
program is played ?rst to provide a time frame that is 
su?icient enough to fetch and assembly the beginning data 
portion of the segments either locally available or from other 
boxes. Depending on implementation, the time-?ll program 
may include one or more trailers related to the title being 
ordered, various noti?cations/updates or commercial pro 
grams. The time-?ll program may be locally con?gured. In 
one embodiment, the time-?ll program is provided to give a 
time frame in Which data being fetched from one or more 
other devices can be stabiliZed. In another embodiment, the 
time-?ll program provides a platform for sponsors that hope 
to display their respective programs to audience. Orders or 
slot positions for these programs in a time-?ll program may 
be auctioned. 
[0047] Various content streams include IP packets that are 
directed to appropriate channels for delivery over the data 
netWork. The IP packets include IP data representing the 
content of the programs. Prior to transmission over the data 
netWork, the IP packets are encrypted by a conditional 
access encryption unit 710. Once the IP data is encrypted, 
the Slicing unit 712 slices the data stream in segments of 
data stream as described further beloW. 

[0048] Referring to FIG. 3B, there shoWs an embodiment 
in Which a ?le 220 is being organiZed or fragmented in terms 
of four segments 224. In general, the ?le 220 representing a 
collection of all data pertaining to a title may be divided into 
any number of segments in consideration of a required 
transmission rate (e. g., related to the encoding and decoding 
rates for successful playback), and the minimum uploading 
and doWnloading capabilities of a netWork, or even dynami 
cally and adaptively selected depending on the selected 
serving boxes at run-time and in real-time during the trans 
mission. FIG. 3C shoWs another embodiment in Which a ?le 
230 is being organiZed or fragmented in terms of a head 232 
and four segments 224, Where the head 232 is alWays locally 
cached. One of the advantages of having a head locally 
cached is to facilitate an instantaneous playback after a 
movie is ordered. While the head is being played back, the 
needed segments are retrieved from other designated boxes. 
It can be appreciated the length of a head may be prede?ned 
or dynamically determined to provide a time bulfer (e.g., 5 
minutes) suf?ciently to retrieve part of the data from the 
distributed segments for assembling With that of any locally 
cached segments, if any. As a result, an instantaneous VOD 
system may be realiZed. 
[0049] Regardless Whether a head is used or not, a ?le or 
a majority of a ?le Will be fragmented and the segments are 
distributed among the boxes in service. According to one 
embodiment, given a required transmission rate (e.g., l 
megabit per second or 1 Mbps), the minimum uploading and 
doWnloading speeds of a netWork are considered to deter 
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mine a number that de?nes the segmentation, and thus the 
dependency on other boxes and the support for concurrent 
demands of a particular title. 
[0050] It is assumed that a minimum uploading speed is U 
and a required transmission rate is D, and D/U:K<k, Where 
k is the smallest integer greater than K. In one embodiment, 
a ?le or a majority of a ?le is preferably divided into k 
segments to optimally utiliZe the uploading speed of U, 
assuming that the doWnloading speed is at least k times 
faster than the uploading speed. For example, in a POTS 
based DSL netWork for residential areas, the required trans 
mission may be about 1.0 Mbps While the uploading speed 
may be about 300 kbps. Hence, k:4. Assuming that an 
ordering box has a doWnloading speed four times the 
uploading speed of the other boxes, up to four segments in 
other boxes can be doWnloaded concurrently across the 
netWork as streaming into the ordering box Without inter 
ruption. 
[0051] FIG. 3D shoWs a data stream 240 representing a ?le 
or a majority of a ?le. The ?le 240 is divided into four 
segments 247-250. The segments 247-250 are created or 
formed by respectively sampling the ?le in a decimated 
manner. As a result, each of the segments includes a plurality 
of data blocks. Depending on an exact data length of the ?le 
240, an n-th data block in each of the segments 247-250 is 
four successive data blocks in the ?le. In one embodiment, 
a data block comprises a chunk of data, for example, 256 
Kbytes or 1 Mbyte. 
[0052] As shoWn in FIG. 3D, the data stream 240 is 
expressed in data blocks as folloWs: b11, b21, b31, b41, b12, 
b22, b32, b42, b13, b23, b33, b43, . . .bln, b2n, b3n, b4n. 
With the decimated sampling, the four segments 247-250 
obtained can be respectively expressed as folloWs: 

Segment l:{bll, £112, £113, bl4 . . . ]>; 

Segment 2:{b2l, b22, b23, b24 . . . ]>; 

Segment 3:{b3l, b32, b33, b34 . . . ]>; and 

Segment 4:{b4l, b42, b43, b44 . . . 

Where b stands for “data block”, numerals after “b” are mere 
reference numbers. As used above, the data blocks b11, b21, 
b31, b41, b12, b22, b32, b42, b13, b23, b33, b43, . . .bln, 
b2n, b3n, b4n are sequential While, for example, data blocks 
b11, b12, b13, b14 . . . bln in Segment 1 are not sequential. 

[0053] Because multiple audios are encoded, the fragmen 
tation of the ?le is dif?cult: 

one segment one segment 

multiple audio 

[0054] Segmentation is performed to the point Where there 
is no cutting into the middle of an audio. 

[0055] Referring to FIG. 8, When a stream 810 including 
a video, multiple audio, and/or closed captions is sliced, an 
interleaving block siZe of a multiple of 188 bytes 820 is 
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chosen to ensure that the MPEG transport stream 188 byte 
packet is not cut off in the middle. This alloWs ?ltering of 
complete MPEG TS packets 830-1 . . . 830-6 in or out. 

[0056] It should be noted, hoWever, a head, if used, 
includes data blocks that are consecutive so that an instan 
taneous playback of the head is possible. It is evident that the 
data blocks in the segments are non-consecutive, interlaced 
or interleaved. 

[0057] FIG. 3A illustrates different types of data streams 
according to embodiments of the present invention. The data 
streams 240-2 and 240-6 are the video and audio streams 
encrypted, sliced and sent to a number of designated boxes 
206 over the netWork path 210 and 208 of FIG. 2A. 
Although, these data streams may be fetched and vieWed by 
one of the boxes, typically the data streams are distributed 
to boxes for future distributionihence fat seeding. There is 
no time limitation and this may be done over a period of time 
Where the bandWidth is freely available. For example, this 
process of fat seeding may be done during the night When 
the netWork is not busy. 

[0058] In one embodiment, the data stream 240-2 includes 
one single video 260 and multiple audios 262 associated 
With the video. For example, the video 260 may be a movie 
and multiple audios may be audios in different languages 
such as English, French, Spanish, Italian, Chinese, and etc. 
To ease the bandWidth requirement, the data stream may be 
sliced into smaller segments and distributed to the boxes. 
When a movie (i.e., a video and a particular audio stream) 
is requested by an ordering box, the boxes With different 
segments ?lter out the requested audio to be sent to the 
ordering box. For example, if the ordering box requests the 
video 260 With audio 262-3, then the boxes With segments 
for the requested video 260 ?lter out all other audios 262-1, 
262-2 . . . 262-n, so that only audio 262-3 is sent With the 

video 260. Once the ?ltering is done, the requested data 
stream 240-8 Which only includes the video 260 and audio 
262-3 can be sent to the ordering box in real-time Without 
Wasting the bandWidth because it only has one video and one 
audioihence a lean streaming. 

[0059] Furthermore, the data stream 240-2 may include 
multiple audio and multiple closed captioning. 
[0060] In another embodiment, fat seeding may be 
achieved by distributing video and audio streams 240-4 and 
240-6 separately. For example, at the server 202, a video 
stream 240-4 is encrypted, sliced, and distributed to a 
number of boxes. An audio stream 240-6 is encrypted, 
sliced, and distributed to a number of boxes. This is repeated 
for the audio stream until all audios associated With the 
video is distributed to the boxes. At the boxes, the video and 
audio streams reside until an ordering box requests for the 
video and audio. The ordering box requests for a program 
that includes a video ID and an audio ID. Once the request 
is received by the server, the server instructs the boxes With 
segments to multiplex the requested video and audio. This is 
done by looking at the video ID and audio ID, and individual 
packet presentation and decoding time stamps. Once, seg 
ments of requested video and audio are multiplexed at the 
sending boxes, the segments of the data stream 240-8 Which 
only includes one video and audio are forWarded to the 
ordering box over the path 209. 

[0061] In both embodiments, distribution of one single 
video and multiple audios may be done gradually over the 
paths 210 and 208 from the server 202 to a number of boxes 
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206ifat seed. Once an ordering box makes a request, the 
number of boxes forWards a lean stream over the path 209 
to the ordering box. 
[0062] Referring to FIG. 9, information about ?ltered out 
packets is also sent to the receiver including their PIDs, their 
location Within the original block before ?ltering, etc. The 
original stream 910 includes video 1 910-1 and 910-3, audio 
1 910-2, Which can be English, audio 2 910-4, Which can be 
Spanish, closed caption 1 910-5, Which can be English, and 
closed caption 2 910-6, Which can be Spanish. If a user 
selects video 1 and Spanish audio and closed caption, audio 
1 910-2 and caption 1 910-5 are ?ltered out and only the 
requested packets are sent out. The sending server also sends 
information about the ?ltered out packets. This information 
alloWs the receiver side to reconstruct complete structure of 
the original stream 910, and insert padding MPEG TS 
packets 920-2 and 920-4 in place of the ?ltered out packets. 
Thus, the top level structure of the MPEG TS stream is 
preserved, and indexing for the original MPEG TS stream 
can remain valid and usable. 

[0063] Referring noW to FIG. 4A, it shoWs, according to 
one embodiment of the present invention, an architecture 
300 that combines both the traditional client-server archi 
tecture of FIG. 1 and the distributed architecture of FIG. 2A. 
One of the features, bene?ts and advantages of the archi 
tecture 300 is the underlying mechanism of using the 
computing capacity as Well as the bandWidth in the client 
side to deliver media services While, at the same time, 
providing centraliZed services. 
[0064] For example, the architecture 300 may be con?g 
ured to deliver non-prerecorded programs such as live 
broadcasts by a multicasting protocol. The server 302 
receives orders from some of the subscribers (e.g., for boxes 
306-1 and 306-n) for a broadcasting event. When the event 
comes, the server 302 receives a streaming feed from a 
source (e. g., a televised site). The streaming is then delivered 
by the server 302 via the netWork path 310 to 308-1 and 
308-n to the ordering boxes 306-1 and 306-n. As the 
subscriber for the box 306-2 did not order the event, the box 
306-2 Will not receive the streaming from the server 302. It 
can be appreciated that the number of recipients for the 
program does not affect the performance of the server 302 or 
demands higher bandWidth because the program is being 
multicast to the ordering boxes. 
[0065] The architecture 300, at the same time, alloWs 
non-interrupted media services among the boxes. Similar to 
the description for FIG. 2, segments for each title in a library 
are distributed among the boxes in service. When the box 
306-1 is used to order one of the titles in a library, the request 
is sent to the server 302 via the netWork path 308-1 and 210. 
The server 302 is con?gured to determine Which other boxes 
are most appropriate to be the suppliers for providing the 
distributed segments. Either the server 302 causes the sup 
pliers to contact the ordering box 306-1 to receive the 
needed segments or the ordering box 306-1 initiates com 
munication With the suppliers upon receiving a response 
form the server 302, Where the response includes informa 
tion about the suppliers. In one embodiment, the information 
includes designation information (e.g., netWork addresses) 
as to Who are the suppliers, security information as to hoW 
to decrypt the data, and other information to facilitate the 
playback of the ordered title. 
[0066] FIG. 4B shoWs exemplary source information 
shoWn as a map 330 illustrating hoW a library of 5000 movie 
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titles is distributed across N boxes. Column 332 lists all 
boxes in service. Each box is assigned a unique identi?er for 
identi?cation. Information in the column 332 may be vieWed 
as the identi?ers for the boxes in service. For example, box 
1 is assigned a unique identi?er of “Box I’’ or a sequence of 
alphanumeric characters. The column 334 lists a corre 
sponding IP address for each of the boxes listed in column 
332. The Column 336 lists predetermined time-?ll programs 
for all titles in the library. Depending on implementation, the 
time-?ll programs may be identical or each of the time-?ll 
programs is self-con?gured in accordance With What has 
been ordered. The column 338 lists What segments for title1 
are residing in each of the boxes, assuming title1 is required 
to have tWo segments cached in each box. The column 340 
lists What segment for title2 is residing in each of the boxes, 
assuming title2 is required to have one segment cached in 
each of the boxes. The column 342 lists What segment for 
title5000 is in a selected set of boxes, assuming title5000 is 
required to have one segment in these selected boxes. As a 
result, all segments in a box may be uniquely addressed for 
uploading to another box or playback of an ordered title 
locally. 
[0067] FIG. 4C shoWs a source information map 350 
corresponding to FIG. 3B. There are three other boxes 
306-n, 306-3 and 306-1 designated to supply three needed 
segments that are together assembled With a locally cached 
segment to facilitate the playback of the ordered movie. It 
can be appreciated that relying on multiple sources to 
retrieve distributed segments to support a playback can be 
advantageously used in the architecture of current netWorks 
Where the doWnloading bandWidth is typically a multiple of 
the uploading bandWidth. 
[0068] FIG. 4D shoWs exemplary source information With 
backup boxes in a table 352 that includes a backup identi?er 
(shoWn as an IP address) for each of the designated boxes. 
Should one of the boxes fail to respond to the request for a 
segment from the ordering box or the segment cannot be 
received correctly, the backup IP address is immediately 
called upon to sWitch to the corresponding backup box that 
is available to provide or continue to provide a segment that 
the originally designated box fails to provide. 
[0069] Referring noW back to FIG. 4A, It can be appre 
ciated that at any time the server 302 may designate itself to 
be one of the suppliers to an ordering box. In other Words, 
a supplier provided to an ordering box can be either another 
box in the netWork or the server itself. According to one 
embodiment, When the supplier is a server, it is capable of 
supplying more than one segment. Although it is possible for 
a designated box to supply more than one segment for a title 
at a time to an ordering box, it is preferable that a server is 
con?gured to do so because the server inherently has more 
computing poWer and bandWidth than a single box does. 
According to one embodiment, the server may provide only 
a portion of a segment in order to complement a supplier that 
provides another portion of the segment in case the supplier 
cannot upload the segment at a suf?ciently high rate. 
According to one embodiment, the server may attempt to 
designate client boxes as suppliers for a title but may 
designate itself as a back-up box in case an originally 
designed client box fails in the process. 
[0070] In one embodiment, When a server is designed to be 
one of the suppliers to service an ordering box, the server is 
not necessarily the one that provides the designation infor 
mation. A service provider may deploy several servers, each 
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is designated to cover a speci?c area in accordance With one 
or more speci?cation (e.g., popularity, geography, demo 
graphics, and/or like criteria). 
[0071] According to one embodiment, the server 302 is 
con?gured to provide titles that are not Widely distributed 
among the boxes in service. It is understood that the dis 
tributed architecture as described in FIG. 2 can provide a 
library With a large number of titles in a box With a limited 
capacity of storage. These titles are presumably popular 
among the subscribers. HoWever, there may be some less 
popular titles for Which the overhead of storing many copies 
of its segments on different boxes may be too high, or for 
Which the number of copies available in the netWork may be 
insu?icient to address a temporary spike in demand for that 
title. In addition, there may be many titles that are neWly 
introduced into the library and that have not yet been seeded 
into the boxes in the ?eld. The server 302 can be con?gured 
to ful?ll the need for serving such titles. According to one 
embodiment, a storage space 323 is provided to store data 
related to such rare or neWly introduced titles that are not 
included in a library being offered. Streaming pertaining to 
such titles may be provided to an ordering box, in Which case 
the data is provided by a unicast protocol. According to one 
embodiment, the server 302 is con?gured to provide any title 
in the library during periods of high demand in the system 
When there are an insufficient number of client boxes to 
service all the requests for different titles in the system. 
[0072] Referring noW to FIG. 5A, there shoWs an embodi 
ment of an ordering box retrieving and assembling segments 
to support a playback of a selected movie. If all segments are 
streaming at predetermined minimum speeds, then, at 476, 
portions of the segments locally stored and the portions of 
the segments being streamed in are multiplexed into a buffer 
as shoWn in FIG. 4A. A portion 474 of the time-?ll program 
472 has been played out of the buffer 470. The remaining 
portion 476 of the time-?ll program 472 is yet to be played. 
At the same time, the streaming of segments 478 and 480 is 
being fed into the buffer 470. Segments 478-481 (including 
the segments locally stored and the segments being streamed 
in) are multiplexed into the buffer 470. More speci?cally, a 
block of data from segment 1, a block of data from segment 
2, a block of data from segment 3 and a block of data from 
segment 4 are multiplexed and successively fed into the 
buffer 470. As a result, the original order of the data is 
restored and the remaining portion of the ?le pertaining to 
the title is assembled. 

[0073] To facilitate the continuation of a data stream, each 
of the pointers 482 and 484 is used to remember Where the 
data block of a segment is being fed or about to be fed to the 
buffer 470. In the event, the segment being fetched from a 
box is interrupted and a backup box needs to step in, the 
ordering box knoWs exactly Where to start fetching the 
segment from Where it Was interrupted in accordance With 
the pointer. LikeWise, similar pointers (not shoWn) may be 
provided to remember Where the data block of the locally 
cached segment is being fed or about to be fed to the buffer 
470. In the event, the ordering box needs to be reset or is 
suddenly powered off and back on, these pointers can 
facilitate the continuation of the playback of the ordered 
movie. 

[0074] FIG. 5B shoWs an embodiment of an ordering box 
receiving streaming directly from a server. Different from 
the multiplexing operation shoWn in FIG. 5A, the ordering 
box is con?gured to buffer the data of the streaming into the 
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buffer 470 that is provided to minimize any possible insta 
bility or interruption of the streaming. In operation, once an 
order is placed, a time-?ll program 472 is instantly played. 
At the same time, a data sequence from a server is being 
fetched and put into the buffer 470. As soon as the time-?ll 
program 472 is done, the bu?fered portion of the data is 
started. Not shoWn in FIG. 5B, data pointers may be used in 
FIG. 5B to facilitate the continuation of the playback of the 
data in case the ordering box is accidentally out of operation 
and turned back on. 

[0075] It should be readily understood to those skilled in 
the art that the above description may be equally applied to 
cases in Which instantaneous VOD services are desired. 
Instead of playing back the time-?ll program, a head of a 
movie title can be played back ?rst, during Which the 
remaining segments, if not locally available, can be fetched 
from other designated boxes. 
[0076] Referring noW to FIG. 6, there shoWs an exemplary 
con?guration in Which the present invention may be prac 
ticed. Coupled to the netWork 502, there are a server 504 and 
a plurality of local machines or boxes 506-1, 506-2, 506-3, 
. . . 506-n and 508. The server 504 may correspond to the 

server 502 of FIG. 2. Each ofthe boxes 506-1, 506-2, 506-3, 
. . . 506-n and 508 includes or is connected to a display 

screen (not shoWn). In one embodiment, each of the boxes 
506-1, 506-2, 506-3, . . . 506-n and 508 may correspond to 
a computing device, a set-top box, or a television. Each of 
the boxes 506-1, 506-2, 506-3, . . . 506-n and 508 may access 

compressed data representing one or more movies that may 
be locally or remotely provided. 
[0077] According to one embodiment, any of the boxes 
506-1, 506-2, 506-3, . . . 506-n and 508 may receive 
compressed data from the server 504 that centrally stores all 
video data and delivers required video data pertaining to an 
ordered title upon receiving a request. According to another 
embodiment, the server 504 is con?gured to identify one or 
more other boxes to supply pieces of compressed data to a 
box requesting the data. In other Words, all video data is 
distributed among all boxes in service and the server 504 is 
not required to deliver all the data in response to a request, 
and instead is con?gured to provide source information as to 
Where and hoW to retrieve some or all of the data from other 
boxes. As shoWn in FIG. 5A, a set of compressed video 510 
for a movie includes four segments, one being locally 
available, and the other three segments are respectively 
fetched from the boxes 506-1, 506-3 and 506-n. 
[0078] The operation of distributing segments of a single 
video and multiple audiosifat seedingiis described in a 
How chart or process 750 shoWn in FIG. 7A. The process 
750 may be readily understood in conjunction With FIGS. 
2A, 4A, and 6. HoWever, the process 750 may be indepen 
dently implemented in softWare, hardWare or a combination 
of both as a method, a process, or a system. Preferably, the 
process 750 is executed in a computing device that may 
correspond to a box as used herein. 

[0079] At 752, the server is con?gured to distribute pro 
grams to a plurality of boxes for future access depending on 
popularity. The server also takes into account the programs 
that are already residing at boxes because either they have 
been vieWed or distributed. Once the server determines that 
a program needs to be distributed, at 754, the server encodes 
the program. Typically, the program includes a single video 
and multiple audios. HoWever, the data stream may included 
multiple video, audio, and closed captioning. The server 
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may encode the single video and multiple audios as a single 
data stream or as separate data streams. For example, 
referring back to FIG. 3A, a data stream 240-2 includes a 
single video With multiple audios. The data streams 240-4 
and 240-6 include video and audio streams separately. 
[0080] In the case of one data stream that includes a video 
and multiple audios, at 756, the data stream is sliced into 
segments and distributed to a number of boxes at 758. The 
number and location of boxes depend on the popularity of a 
program, available bandWidth, and other factors. 
[0081] In the case of separate data stream for a video and 
each audio, at 756, each data stream is sliced into segments 
and distributed to a number of boxes at 758. This is repeated 
until all audios have been distributed to the boxes. Whether 
the data stream includes single video and multiple audios, or 
single video or audio, once the process is completed, the 
selected boxes have for each video, multiple audios associ 
ated With each videoifat seed. Typically, data stream is sent 
from a server to some clients, and then from those clients to 
other clients. 
[0082] The operation of fetching segments of requested 
single video and single audioilean streaming is described 
in a How chart or process 780 shoWn in FIG. 7B. At 782, the 
server Waits for a request from one of the boxes (hereinafter 
“ordering box”) for a title. Once a request is received, the 
server determines Which boxes have segments of requested 
program and instructs the boxes to forWard the segments of 
the requested program. In FIG. 7B, the buffer can be on a 
disk and/or in the memory. 
[0083] At 786, depending on hoW the audio streams are 
residing at the box4either as separate streams or in a single 
data stream along With the videoithe requested audio is 
selected. In the case Where multiple audios are in separate 
audio streams, the requested audio is identi?ed by its audio 
ID number. Then, the selected audio is multiplex With the 
requested video. In the case Where multiple audios are in a 
single data stream together, all audios are ?ltered out except 
for the requested audio. Thus, after the ?ltering, the data 
stream only includes the requested video and audio. In either 
case, a lean stream including one video and one audio is 
constructed. MPEG2 TS has about 188 byte packets, and 
individual stream IDs, knoWs as Program Ids (PID). Video, 
and each audio stream have their oWn PID. 

[0084] At 788, segments of the lean stream of the 
requested video and audio are sent to the ordering box. At 
789, the ordering box receives, multiplexes segments 
received from different boxes to a buffer. At 790, the 
ordering box plays assembled data in the buffer. 
[0085] As described above, the architecture of FIG. 2 
provides techniques to seed segments of a video With 
multiple audios associated With the video to a number of 
boxes coupled to the netWork. Once an ordering makes a 
request for a video and an audio, responsive boxes ?lters to 
provide a lean stream of the requested video and audio to the 
ordering box. These techniques alloW faster and cheaper 
Ways to access different programs With multiple audios 
Without expanding bandWidth requirements. 
[0086] Similarly, in the event Where a video is associated 
With multiple subtitle tracks, responsive boxes can ?lter out 
the irrelevant subtitles before streaming. If the user does not 
choose any subtitles, then all subtitle packets are ?ltered out. 
In cases Where there are multiple video tracks, e.g., at 
different bit rates, and one video track may be streamed 
depending on the bandWidth available on the receiver. 






