US 20110314130A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2011/0314130 A1

STRASMAN 43) Pub. Date: Dec. 22, 2011
(54) MANAGING STREAMING BANDWIDTH FOR Publication Classification
MULTIPLE CLIENTS (51) Int.CL
GOG6F 15/16 2006.01
(76) Inventor: Nery STRASMAN, Ramat Gan ( )
(IL) (52) US.Cl .ot 709/219
57 ABSTRACT
(21) Appl. No.: 13/109,019
A method, system and a computer program product. The
(22) Filed: May 17, 2011 method may include: selecting, for each requested media file,
a selected version of the media file based on (a) bit rates of the
Related U.S. Application Data different versions of the requested media file, and (b) a bitrate

allocated for a transmission of the requested media file to the

(63) Continuation-in-part of application No. 13/129,399, client; generating a modified manifest file for each requested
filed as application No. PC1/IB11/51501 on Apr. 7, media file by removing retrieval information associated with

2011. all non-selected versions of requested media files; wherein

each modified manifest file comprises retrieval information

(60) Provisional application No. 61/345,210, filed on May required only for a retrieval of a selected version of a
17, 2010, provisional application No. 61/321,891, requested media file associated with the modified manifest

filed on Apr. 8, 2010. file; and sending to clients the modified manifest files.

T === ==-==----- "

! ! ! |

| ' | —
I | I !

'l Media |1 ! |

| streamer 16| | \ !

| = | :

i : i ! 14
I | I | 14
i ! ! |

| ! | |

| Media : | :

| |streamer 16| ! : |

! ! ! |

! I : : 14
| ! | |

I ' I !

1 ! | |

I ' I !

1 ! | |

I ' I !

1 ! | |

| : I |

! ; 11 : T 14
| | | |

1 ! | |

| : | |

: Media | : |

i | streamer 16 | i !

I I

! l ! l 14
I ' I !

| ! | |

I ' I !

| ! | |

I ' I !

| ! | |

I ' I !

I | I '

| N I i 14
I | I |

I | I !

I | I !

I | I !

I | I !

I X I !

i ! | |

I | I :

| | | | 14
I | I !

I X I !
e | S

«._WAN 18 \’\\Last mile channel

12

Petitioner Disney Ex-1029, 0001



US 2011/0314130 A1

Dec. 22,2011 Sheet1 of 8

Patent Application Publication

< ~ < < < <~ <
~ ~ ~ ~ ~ ~ <~
o
C
C
®©
r--|-—-—————-4t---------t+--------—t--—-——————pF-——-———————F—-——————— --— <
| ,©
| ;@
I | E
I .=
| _ (/3]
I . ©
| s
_/’\
I I
! I
I I
I I
I
Ce e e _______1
=
=
©
b
=
------—-------—-—-—-—--—--—--—--—--—--—--—--—--—--—--—--—--—--—-4-— -— . - -—-_-_-_-_-_-_-_-—_—_—_—_—_—_—_—_—_——_——_—_—_—_—_———— 1 <
! ©| ©| | (-
I /
! S 5 25 LR ,
_ o E o E @ E —
[ =3 = 3 =3 |
_ 5 5 = !
| 7 7] 7] "
[

12

FIG. 1

Petitioner Disney Ex-1029, 0002



Patent Application Publication  Dec. 22,2011 Sheet 2 of 8 US 2011/0314130 A1

Bandwidth
calculator and Control unit 41
decision maker. 43

I/O module 42 Data module 44
Manifest file module
40 49
FIG. 2

Petitioner Disney Ex-1029, 0003



Patent Application Publication  Dec. 22,2011 Sheet 3 of 8 US 2011/0314130 A1

Allocating allocated bit ratcs to a plurality of
media files. Each media file may include a
plurality of chunks. Each media file
(cspecially — the chunks that form it) is
expected to be streamed over a last mile
channel that is bandwidth limited. 151

| Receiving allocated bit rates to
" | the plurality of media files. 152

Receiving a plurality of manifest file
Receiving, from a media streamer, a manifest file requests from a plurality of clients that are
for multiple versions of each of the plurality of hosted on user devices, wherein each
media files. Different versions of a same media file | |manifest file request received from a client
differ from cach other by bit ratc. A manifest file includes a request to receive retricval
associated with a media file includes retrieval information required for a retrieval of a
information required for retrieving different manifest file associated with a requested
versions of the media file. 153 media file that is requested by the client.
154

A

Scleeting, for cach requested media file , a sclected version of the media

file based on (a) bit rates of the different versions of the requested media

file, and (b) a bit rate allocated for a transmission of the requested media
filc to the client. 156

'

Generating a modified manifest file for each requested media file by
removing retricval information associated with all non-sclected versions
of requested media files. Each modified manifest file includes retrieval
information required only for a retrieval of a selected version of a
requested media file associated with the modified manifest file. This can
include changing the modificd files or gencrating new files that have a
content that can be referred to as modified manifest files. 157

'

Sending to the clients the modified manifest files. 158

Receiving a plurality of chunk requests from a plurality of clients,
wherein each chunk request requests at least one chunk that belongs to a
selected version of a requested media file. 161

[ Sending the plurality of chunk requests to the media strcamer. 162 |

[ Sending to the media strcamer the plurality of chunk requests. 163 |

Receiving from the media streamer chunks requested by the plurality of

chunk requests. 164
v
Sending to the plurality of clients the chunks. 165

150 FIG. 3
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Allocating allocated bit rates to a plurality of Recciving allocated bit rates to
media files. Each media file may include a ”|the plurality of media files. 152
plurality of chunks. Each media file
(especially — the chunks that form it) is |
cxpected to be strcamed over a last mile
channel that is bandwidth limited. 151

Receiving a plurality of manifest file
Receiving, from a media streamer, a manifest file requests from a plurality of clients that are
for multiplc versions of cach of the plurality of hosted on uscr devices, wherein cach
media files. Different versions of a same media file manifest file request received from a client
differ from each other by bit rate. A manifest file includes a request to receive retrieval
associated with a media file includes retrieval information required for a retrieval of a
information required for retrieving different manifest file associated with a requested
versions of the media file . 153 media file that 1s requested by the client,
154

A 4

Sclecting, for cach requested media file , a sclected version of the media

file based on (a) bit rates of the different versions of the requested media

file , and (b) a bit ratc allocatcd for a transmission of the requested media
file to the client. 156

A 4

Determining Generating a modified manifest file for each requested media file by
to generate removing retrieval information associated with all non-selected versions
anew of requested media files. Each modified manifest file includes retrieval
modified ™ information required only for a retricval of a sclected version of a
manifest requested media file associated with the modified manifest file. This can
file. 171 include changing the modified files or generating new files that have a
content that can be referred to as modified manifest files. 157

—

Sending to the clients the modified manifest files. 158

Receiving a plurality of chunk requests from a plurality of clients,
wherein each chunk request requests at least one chunk that belongs to a
selected version of a requested media file . 161

| Sending the plurality of chunk requests to the media streamer. 162 |

| Sending to the media strcamer the plurality of chunk requests. 163 |
Y
Receiving from the media streamer chunks requested by the plurality of

chunk requests. 164
v
Sending to the plurality of clients the chunks. 165 |

170 FIG. 4
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Allocating allocated bit rates to a plurality of
media files. Each media file may include a
plurality of chunks. Each media file
(especially — the chunks that form it) is |
expected to be streamed over a last mile
channcl that is bandwidth limited. 151

| Receiving allocated bit rates to
" |the plurality of media files. 152

Receiving a plurality of manifest file
Receiving, from a media streamer, a manifest file requests from a plurality of clients that are
for multiple versions of cach of the plurality of hosted on user devices, whercein cach
media files. Different versions of a same media file manifest file request received from a client
differ from each other by bit rate. A manifest file includes a request to receive retrieval
associated with a media file includes retrieval information required for a retrieval of a
information required for retricving different manifest file associated with a requested
versions of the media file . 153 media file that is requested by the client.
154

A 4
Sclecting, for cach requested media file, a sclected version of the media file bascd on (a) bit
rates of the different versions of the requested media file , and (b) a bit rate allocated for a
transmission of the requested media file to the client. 156

A 4

Selecting a part of each of the plurality of the requested media files. 181

Generating a modified manifest file for the selected part of each requested media file by removing
retrieval information associated with all non-selected versions of requested media files and by
removing retricval information associated with once or more non-sclected parts of cach of the
plurality of the requested media files. 182

A

Sending to the clients the modified manifest files and selecting another
part of cach of the plurality of the requested media files. 183

Receiving a plurality of chunk requests from a plurality of clients,
wherein cach chunk request requests at Icast onc chunk that belongs to a
selected version of a requested media file . 161

[ Sending the plurality of chunk requests to the media streamer. 162 |

A
[ Sending to the media streamer the plurality of chunk requests. 163 |

Y
Receiving from the media streamer chunks requested by the plurality of

chunk requests. 164
v

Sending to the plurality of clients the chunks. 165
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MANAGING STREAMING BANDWIDTH FOR
MULTIPLE CLIENTS

RELATED APPLICATIONS

[0001] This application is a continuation in part of U.S.
patent application Ser. No. 13/129,399 filing date May 16,
2011, which is a national phase application of PCT patent
application No. PCT/IB2011/051501, which in turn claims
priority from U.S. provisional patent Ser. No. 61/321,891,
filing date Apr. 8, 2010, all being incorporated herein by
reference. This application also claims priority from U.S.
provisional patent Ser. No. 61/345,210 filing date May 17,
2010 which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Video streaming is an important application over the
Internet. The number of available streams, servers and users is
rapidly growing and is the leading consumer of bandwidth.

“Classical” Streaming

[0003] Streaming in its original form was performed by
transmitting a stream from the server to a client with little
feedback. Feedback was only provided if the client did not
receive data within a given time. The feedback could be done
by use or lack of Acknowledgement (Ack) messages if the
stream was sent over the TCP protocol or by resending
requests for the stream by the client. In many cases the pro-
tocol used was RTSP.

Adaptive Bit Rate with “Classical” Streaming

[0004] Since the server and the client do not have clear
visibility of the medium between them, it is practically
impossible for the server to know ifa stream with one specific
bit-rate could reach the client or whether bandwidth conges-
tion on the way would block the client from receiving it.
Therefore, servers adopted different adaptive bit rate meth-
ods. In all cases, the servers maintain a few versions of the
stream, each one encoded in a different bit-rate. In the general
case, if a segment of a stream with a specific bit rate did not
reach the client, the server would try to retransmit the stream
with a lower bit rate.

[0005] Lower bit rates can be achieved by lowering spatial
resolution, number of frames per second or simply applying
stronger compression to the stream. In cases where the clients
received all the transmitted segments, the server could revert
to higher bit rate versions of the stream and transmit those. In
these cases, the device which decided which bit rates to use
was the server.

HTTP Streaming

[0006] For different reasons including firewall restrictions
and compatibility between different servers and clients, the
market has generally reverted (or is in the process of revert-
ing) to HTTP streaming. When performing HTTP streaming
the client requests a file download over HTTP. In this case, the
client may request only parts of a file or all of it. If the client
desires, it may stop the downloading of the file and ask the
server to download a different file. To sum this up, in the
simplest sense, HTTP streaming involves a file download
from the server to the client. This type of streaming is often
known as Progressive Download (PD).

Adaptive Bit Rate (ABR) with Http Streaming

[0007] Adaptive bit rate with HTTP streaming is a rela-
tively new technology. When it is used, the server first saves
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a few different versions of the video clip. The difference is
usually a bitrate difference but there might also be resolution
or other differences between the versions. The different ver-
sions are chopped into small segments usually known as
fragments or chunks (these words are used interchangeably in
this application) which have a playback duration of a few
seconds. The server sends the client a manifest file. The
manifest file informs the client which versions are available,
the duration of the fragments and where the client can find the
different fragments. The client then asks the server to transmit
specific fragments of the stream.

[0008] ABR HTTP streaming can also be used with live
streaming. In this case, the manifest file is constantly updated
and sent to the client. In some ABR cases, each bit rate chunk
is stored as a single file. In other cases, each file holds the
entire stream with one specific bit rate and different chunks
are simply different segments of the file. Other implementa-
tions may include only one file which is segmented by bit
rates and chunks.

[0009] As in classical streaming, the client and server do
not have any information regarding the medium between
them. Therefore, a mechanism is needed here also to deter-
mine the stream’s bit rate. In this case it is the client which
makes the decision. Algorithms implemented in the client
decide which bit rate chunk to request from the server. The
decision may be influenced by several factors such as avail-
able buffer space, processing power of the client and band-
width considerations such as: if the previously requested
chunk was not received (probably because of network con-
gestion)—request a lower bit rate fragment next time. Occa-
sionally the client may request a chunk with a bit rate which
is higher than the last received chunk.

The Problem

[0010] Different clients often share the same resources
often referred to as the Last Mile channel. For example,
cellular/mobile devices may share the same cell in newer
systems or the same frequency within a cell in older systems.
In cable networks, clients may share the same QAM channel.
The last mile channel in all networks is limited to a specific
bandwidth. Often, this bandwidth may not be enough to allow
all bit rates demanded by all services transmitted to the down-
stream devices. In order to reduce data loss some manage-
ment of the bandwidth is needed. However, with streaming,
management is not available. The only methods the network
operator can use are to set priorities to different devices or
services and to limit bandwidth for devices or services. Both
solutions are not good. When setting priorities, one service or
device can consume extremely large amounts of bandwidth
and completely starve other clients. Limiting bit rates poses
other problems such as leaving unused bandwidth on the pipe
or setting the limit so low that services cannot be delivered at
all or are delivered with many interruptions. The network
operator can’t manage the last mile channel efficiently
because it is not aware of the transactions between the servers
and clients. Following are two examples of these inefficien-
cies but there are many more. For the sake of simplicity, in the
examples the assumption is that only streaming sessions
occupy the last mile channel pipe.

Unused Bandwidth

[0011] Assume that all the bandwidth is utilized and each
device receives chunks as requested. Now assume that one
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device ceases to request the service and drops off. Bandwidth
which was allocated for this device is now free but other
devices are not aware of this and therefore none of them
request a chunk with higher bit rate. As a result the bandwidth
remains free and unused until a device requests higher bit rate.
This means that at least some of the devices could have
received chunks at higher bit rate and therefore better quality
but this didn’t happen.

Bandwidth Waste

[0012] Assume that all the bandwidth is utilized and all
devices receive chunks as requested. Now assume that one
device attempts to receive a chunk at a higher bit rate because
it doesn’t know that all the bandwidth is utilized. It requests a
chunk at a higher bit rate. The server attempts to transmit the
requested chunk. Now there is congestion on the last mile
channel and data will be discarded. The data discarded may be
data that serves any one of the devices. Statistically, more than
one service will be affected. This may include the device
which initiated the high bit rate request. The affected devices
will not receive the chunks they requested. All these devices
will experience losses in the TCP layer and would therefore
send resend requests. Since the data requests are performed in
the HTTP layer and are made for fragments with durations of
a few seconds, this situation can’t be corrected by TCP or
HTTP layer mechanisms for the duration of the fragments. In
effect, much data will be discarded.

SUMMARY OF THE INVENTION

[0013] According to various embodiments of the invention
a method for controlling streaming media flows is provided,
the method may include allocating or receiving allocated bit
rates to a media file that comprises a plurality of chunks and
is expected to be streamed over a last mile channel that is
bandwidth limited; receiving, from a media streamer, a mani-
fest file for multiple versions of the media file; wherein dif-
ferent version of the media file differ from each other by bit
rate; wherein a manifest file associated the media file com-
prises retrieval information required for retrieving different
versions of the media file; receiving a manifest file request
from a client that is hosted on a user device, wherein the
manifest file request is received from a client and comprises a
request to receive retrieval information required for a retrieval
of'a manifest file associated with a requested media file that is
requested by the client; selecting a selected version of the
media file based on (a) bit rates of the different versions of the
requested media file, and (b) a bit rate allocated for a trans-
mission of the requested media file to the client; generating a
modified manifest file for the requested media file by remov-
ing retrieval information associated with all non-selected ver-
sions of the requested media file; wherein the modified mani-
fest file comprises retrieval information required only for a
retrieval of a selected version of the requested media file; and
sending to the client the modified manifest file.

[0014] The method may include allocating or receiving
allocated bit rates to a plurality of media files, each media file
comprises a plurality of chunks and is expected to be
streamed over a last mile channel that is bandwidth limited;
receiving, from a media streamer, a manifest file for multiple
versions of each of the plurality of media files; wherein dif-
ferent version of a same media file differ from each other by
bit rate; wherein a manifest file associated with a media file
comprises retrieval information required for retrieving difter-
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ent versions of the media file; receiving a plurality of manifest
file requests from a plurality of clients that are hosted on user
devices, wherein each manifest file request received from a
client comprises a request to receive retrieval information
required for a retrieval of a manifest file associated with a
requested media file that is requested by the client; selecting,
for each requested media file, a selected version of the media
file based on (a) bit rates of the different versions of the
requested media file, and (b) a bit rate allocated for a trans-
mission of the requested media file to the client; generating a
modified manifest file for each requested media file by
removing retrieval information associated with all non-se-
lected versions of requested media files; wherein each modi-
fied manifest file comprises retrieval information required
only for a retrieval of a selected version of a requested media
file associated with the modified manifest file; and sending to
the clients the modified manifest files.

[0015] The method may include selecting a selected ver-
sion of the media file that has a bit rate that best matches the
bit rate allocated to the transmission of the media file to the
client.

[0016] The allocating of bit rates to the plurality of media
files may be responsive to bit rates of different versions of the
plurality of media files.

[0017] The method may include receiving a plurality of
chunk requests from a plurality of clients, wherein each
chunk request requests at least one chunk that belongs to a
selected version of a requested media file; and sending the
plurality of chunk requests to the media streamer.

[0018] The method may include sending to the media
streamer the plurality of chunk requests; receiving from the
media streamer chunks requested by the plurality of chunk
requests; and sending to the plurality of clients the chunks.
[0019] The generating of a modified manifest file for each
requested media file may include removing retrieval informa-
tion associated with a selected version of a part of a requested
media file associated with the modified manifest file.

[0020] The method may include generating a new modified
manifest file for each requested media file, wherein the new
modified manifest file comprises retrieval information previ-
ously removed from the modified manifest file and is associ-
ated with the selected version of the part of the requested
media file associated with the modified manifest file.

[0021] The method may include generating at least one
modified manifest file even at an absence of a manifest file
request from a client to retrieve the at least one modified
manifest file.

[0022] The media streamer may be unaware of a stage of
the last mile channel.

[0023] The method may include allocating the allocated bit
rate to each of the media files by a system that is coupled to
last mile channel.

[0024] According to an embodiment of the invention there
is provided a system that may include (a) an input interface
arranged to receive: allocated bit rates to a plurality of media
files, each media file comprises a plurality of chunks and is
expected to be streamed over a last mile channel that is band-
width limited; a manifest file for multiple versions of each of
the plurality of media files; wherein different version of a
same media file differ from each other by bit rate; wherein a
manifest file associated with a media file comprises retrieval
information required for retrieving different versions of the
media file; a plurality of manifest file requests from a plurality
of clients that are hosted on user devices, wherein each mani-
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fest file request received from a client comprises a request to
receive retrieval information required; (b) a processing mod-
ule that may be arranged to: select, for each requested media
file, a selected version of the media file based on (a) bit rates
of' the different versions of the requested media file, and (b) a
bit rate allocated for a transmission of the requested media file
to the client; generate a modified manifest file for each
requested media file by removing retrieval information asso-
ciated with all non-selected versions of requested media files;
wherein each modified manifest file comprises retrieval infor-
mation required only for a retrieval of a selected version of a
requested media file associated with the modified manifest
file; and (c) an output interface arranged to send to the clients
the modified manifest files.

[0025] The input interface may be arranged to receive (i)
allocated bit rates to a plurality of media files, each media file
comprises a plurality of chunks and is expected to be
streamed over a last mile channel that is bandwidth limited;
and (i1) a manifest file for multiple versions of each of the
plurality of media files; wherein different version of a same
media file differ from each other by bit rate; wherein a mani-
fest file associated with a media file comprises retrieval infor-
mation required for retrieving different versions of the media
file; (iii) a plurality of manifest file requests from a plurality of
clients that are hosted on user devices, wherein each manifest
file request received from a client comprises a request to
receive retrieval information required for a retrieval of a
manifest file associated with a requested media file that is
requested by the client; wherein the processing module may
be arranged to (i) select, for each requested media file, a
selected version of the media file based on (a) bit rates of the
different versions of the requested media file, and (b) a bitrate
allocated for a transmission of the requested media file to the
client; and (ii) generate a modified manifest file for each
requested media file by removing retrieval information asso-
ciated with all non-selected versions of requested media files;
wherein each modified manifest file comprises retrieval infor-
mation required only for a retrieval of a selected version of a
requested media file associated with the modified manifest
file; and wherein the output interface may be arranged to send
to the clients the modified manifest files.

[0026] The processing module may be arranged to select a
selected version of the media file that has a bit rate that best
matches the bit rate allocated to the transmission of the media
file to the client.

[0027] The processing module may be arranged to allocate
bit rates to the plurality of media files is responsive to bit rates
of different versions of the plurality of media files.

[0028] The input interface may be arranged to receive a
plurality of chunk requests from a plurality of clients, wherein
each chunk request requests at least one chunk that belongs to
a selected version of a requested media file; and wherein the
output interface may be arranged to send the plurality of
chunk requests to the media streamer.

[0029] The output interface may be arranged to send to the
media streamer the plurality of chunk requests; wherein the
input interface may be arranged to receive from the media
streamer chunks requested by the plurality of chunk requests;
and wherein the output interface may be arranged to send to
the plurality of clients the chunks.

[0030] The processing module may be arranged to generate
a modified manifest file for each requested media file by
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removing retrieval information associated with a selected
version of a part of a requested media file associated with the
modified manifest file.

[0031] The processing module may be arranged to generate
a new modified manifest file for each requested media file,
wherein the new modified manifest file comprises retrieval
information previously removed from the modified manifest
file and is associated with the selected version of the part of
the requested media file associated with the modified mani-
fest file.

[0032] The processing module may be arranged to generate
at least one modified manifest file even at an absence of a
manifest file request from a client to retrieve the at least one
modified manifest file.

[0033] The media streamer may be unaware of a stage of
the last mile channel.

[0034] The processing module may be arranged to allocate
the allocated bit rate to each of the media files by a system that
is coupled to last mile channel.

[0035] According to an embodiment of the invention there
is provided a computer program product that comprises a
non-transitory computer readable medium that may store
instructions for: allocating or receiving allocated bit rates to a
plurality of media files, each media file comprises a plurality
of chunks and is expected to be streamed over a last mile
channel that is bandwidth limited; receiving, from a media
streamer, a manifest file for multiple versions of each of the
plurality of media files; wherein different version of a same
media file differ from each other by bit rate; wherein a mani-
fest file associated with a media file comprises retrieval infor-
mation required for retrieving different versions of the media
file; receiving a plurality of manifest file requests from a
plurality of clients that are hosted on user devices, wherein
each manifest file request received from a client comprises a
request to receive retrieval information required for a retrieval
of'a manifest file associated with a requested media file that is
requested by the client; selecting, for each requested media
file, a selected version of the media file based on (a) bit rates
of' the different versions of the requested media file, and (b) a
bit rate allocated for a transmission of the requested media file
to the client; generating a modified manifest file for each
requested media file by removing retrieval information asso-
ciated with all non-selected versions of requested media files;
wherein each modified manifest file comprises retrieval infor-
mation required only for a retrieval of a selected version of a
requested media file associated with the modified manifest
file; and sending to the clients the modified manifest files.
[0036] The non-transitory computer readable medium may
store instructions for allocating or receiving allocated bit rates
to a plurality of media files, each media file comprises a
plurality of chunks and is expected to be streamed over a last
mile channel that is bandwidth limited; receiving, from a
media streamer, a manifest file for multiple versions of each
of the plurality of media files; wherein different version of a
same media file differ from each other by bit rate; wherein a
manifest file associated with a media file comprises retrieval
information required for retrieving different versions of the
media file; receiving a plurality of manifest file requests from
a plurality of clients that are hosted on user devices, wherein
each manifest file request received from a client comprises a
request to receive retrieval information required for a retrieval
of'a manifest file associated with a requested media file that is
requested by the client; selecting, for each requested media
file, a selected version of the media file based on (a) bit rates
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of' the different versions of the requested media file, and (b) a
bit rate allocated for a transmission of the requested media file
to the client; generating a modified manifest file for each
requested media file by removing retrieval information asso-
ciated with all non-selected versions of requested media files;
wherein each modified manifest file comprises retrieval infor-
mation required only for a retrieval of a selected version of a
requested media file associated with the modified manifest
file; and sending to the clients the modified manifest files.
[0037] The non-transitory computer readable medium may
store instructions fo selecting a selected version of the media
file that has a bit rate that best matches the bit rate allocated to
the transmission of the media file to the client.

[0038] The non-transitory computer readable medium may
store instructions for allocating of bit rates to the plurality of
media files in response to bit rates of different versions of the
plurality of media files.

[0039] The non-transitory computer readable medium may
store instructions for receiving a plurality of chunk requests
from a plurality of clients, wherein each chunk request
requests at least one chunk that belongs to a selected version
of a requested media file; and sending the plurality of chunk
requests to the media streamer.

[0040] The non-transitory computer readable medium may
store instructions for sending to the media streamer the plu-
rality of chunk requests; receiving from the media streamer
chunks requested by the plurality of chunk requests; and
sending to the plurality of clients the chunks.

[0041] The non-transitory computer readable medium may
store instructions for generating of a modified manifest file
for each requested media file by removing retrieval informa-
tion associated with a selected version of a part of a requested
media file associated with the modified manifest file.

[0042] The non-transitory computer readable medium may
store instructions for generating a new modified manifest file
for each requested media file, wherein the new modified
manifest file comprises retrieval information previously
removed from the modified manifest file and is associated
with the selected version of the part of the requested media
file associated with the modified manifest file.

[0043] The non-transitory computer readable medium may
store instructions for generating at least one modified mani-
fest file even at an absence of a manifest file request from a
client to retrieve the at least one modified manifest file.

[0044] The non-transitory computer readable medium may
store instructions for allocating the allocated bit rate to each
of the media files by a system that is coupled to last mile
channel.

[0045] A method may be provided and may include,
according to an embodiment of the invention: receiving a first
manifest file and information about a communication net-
work condition; wherein the manifest is associated with at
least one media file and comprises first retrieval information
required for retrieving the at least one media file; and gener-
ating, in response to the information about the communica-
tion network condition a second manifest file that comprises
second retrieval information that differs from the first
retrieval information.

[0046] The first retrieval information may expose a first
group of versions of the at least one media file and the second
retrieval information exposes a second group of versions of
the at least one media file, wherein the first group differs from
the second group.
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[0047] There can be provided a computer program product
that includes a non-transitory computer readable medium that
stores instructions for receiving a first manifest file and infor-
mation about a communication network condition; wherein
the manifest is associated with at least one media file and
comprises first retrieval information required for retrieving
the at least one media file; and generating, in response to the
information about the communication network condition a
second manifest file that comprises second retrieval informa-
tion that differs from the first retrieval information.

[0048] The first retrieval information may expose a first
group of versions of the at least one media file and the second
retrieval information exposes a second group of versions of
the at least one media file, wherein the first group differs from
the second group.

[0049] According to an embodiment of the invention there
may be provided a system that includes an input interface for
receiving a first manifest file and information about a com-
munication network condition; wherein the manifest is asso-
ciated with at least one media file and comprises first retrieval
information required for retrieving the at least one media file;
and a manifest file module for generating, in response to the
information about the communication network condition a
second manifest file that comprises second retrieval informa-
tion that differs from the first retrieval information.

[0050] The first retrieval information may expose a first
group of versions of the at least one media file and the second
retrieval information exposes a second group of versions of
the at least one media file, wherein the first group differs from
the second group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The subject matter regarded as the invention is par-
ticularly pointed out and distinctly claimed in the concluding
portion of the specification. The invention, however, both as
to organization and method of operation, together with
objects, features, and advantages thereof may best be under-
stood by reference to the following detailed description when
read with the accompanying drawings in which:

[0052] FIG. 1 illustrates a system and its environment
according to an embodiment of the invention;

[0053] FIG. 2 illustrates a system according to an embodi-
ment of the invention;

[0054] FIG. 3 illustrates a method according to an embodi-
ment of the invention;

[0055] FIG. 4 illustrates a method according to an embodi-
ment of the invention;

[0056] FIG. 5 illustrates a method according to an embodi-
ment of the invention;

[0057] FIG. 6 illustrates a system according to an embodi-
ment of the invention;

[0058] FIG. 7 illustrates a method according to an embodi-
ment of the invention; and

[0059] FIG. 8 illustrates a method according to an embodi-
ment of the invention.

[0060] It will be appreciated that for simplicity and clarity
of illustration, elements shown in the figures have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other
elements for clarity. Further, where considered appropriate,
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reference numerals may be repeated among the figures to
indicate corresponding or analogous elements.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0061] Inthe following detailed description, numerous spe-
cific details are set forth in order to provide a thorough under-
standing of the invention. However, it will be understood by
those skilled in the art that the present invention may be
practiced without these specific details. In other instances,
well-known methods, procedures, and components have not
been described in detail so as not to obscure the present
invention. In all the method the same reference numbers
represent the same elements (stages of a method, entities of a
system).

[0062] The term “chunk request” is a request to receive a
media chunk of a streaming media flow. A streaming media
flow is a media flow that is configured to be streamed by a
media streamer. The streaming media flow may include a
media file that is being streamed towards a client. The chunk
request may include a chunk identifier and a bit rate (bit rate)
request that indicated the desired bit rate of the requested
chunk. The requested bit rate can be defined in an explicit
manner (for example—the value of the requested bit rate can
be included in the chunk request) or implicitly (for example—
the chunk identifier may point to a certain version of the
media chunk—of a known bit rate). The chunk request can
include a URL that is specific to a specific segment and a
specific bit rate.

[0063] The term “media source” can mean an entity that
provides media chunks to the system or to clients. The media
source can receive the media chunks from another entity, can
generate the media chunks himself, can generate various ver-
sion of media chunks that differ from each other by their bit
rate, can receive various versions of the media chunks from
another entity ad the like. The media source can be a media
server.

[0064] A media source that is capable of streaming one or
more streaming media flows is referred to as a media
streamer.

[0065] The term “last mile” may have its regular meaning
For example, it may have the meaning defined by www.
wikipedia.org: “The “last mile” or “last kilometer” is the last
mile of delivering connectivity from a communications pro-
vider to a customer. The phrase is therefore often used by the
telecommunications and cable television industries. The
actual distance of this leg may be considerably more than a
mile, especially in rural areas. It is typically seen as an expen-
sive challenge because “fanning out” wires and cables is a
considerable physical undertaking. Because the last mile of a
network to the user is also the first mile from the user to the
world in regards to sending data (such as uploading), the term
“first mile” is sometimes used.

[0066] The term “manifest file” means any data structure or
structures that include retrieval information required for a
retrieval of one or more media file chunks, one or more media
file, or one or more parts of media files.

[0067] According to an embodiment of the invention a sys-
tem is provided. It is connected between the Internet or any
Wide Area Network (WAN) and the last mile channel. For
convenience of explanation the following description will
refer to a last mile channel although it is applicable to other
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types of infrastructures. The last mile channel can include
links, communication lines or any kind of bandwidth limited
resources.

[0068] According to various embodiments of the invention
the allocation of bit rates can be responsive to at least one
parameter out of media stream priority, client priority, video
quality, service priority, priority assigned to different types of
streaming, policies responsive to the timing of streaming, to
the type of transmission (wired, wireless), and the like. For
example—client of higher priority may be allocated more bit
rate.

[0069] According to an embodiment of the invention the bit
rate allocation is executed by a system that is coupled to the
last mile channel. It is noted that the bit rate allocation can be
executed by a plurality of systems—in a distributed, central-
ized or even hierarchical manner. A hierarchical system can
include a top tier system arranged to allocate bit rates over a
first bandwidth limited medium, while the lowest tier system
can be arranged to determine the bit rate allocation over a
plurality of last mile channels that may receive content (di-
rectly or indirectly) from the first bandwidth limited medium.
Yet for another example—the hierarchical system can include
a top tier system arranged to allocate bit rates over the last
mile channel, while the lowest tier system can be arranged to
determine the bit rate allocation over channels that are fed
from the last mile channel—such as customer premises gate-
ways and the like.

[0070] FIG. 1 illustrates a system 11 that is connected
between a WAN (such as the Internet), last mile channel 12
and user devices that host clients 14.

[0071] According to various embodiments of the invention
user devices host clients. The clients and, additionally or
alternatively, the system may participate in the bit rate control
of the bandwidth limited resource. It is noted that end user
devices and the media streamer may not be aware of the state
of the bandwidth limited resource and thus may request or
allocate bit rates in sub-optimal manner, as illustrated for
example in the background section of this patent application.

[0072] The system 11 may reside before a bandwidth lim-
iting resource, or otherwise can be able to participate in the bit
rate control of the bandwidth limited resource. The system
may be a router, an aggregator, a switch, a controller, or a
combination thereof. The system can include hardware, soft-
ware firmware or a combination thereof.

[0073] According to an embodiment of the invention a bit
rate control scheme is executed by the system in a manner that
is not viewed by the clients. The system allocates bit rates and
according to the allocation of bit rates determines which
metadata to send to the clients so that the clients will request
chunks of media files that have a bit rate that matches (or is
responsive) to the allocated bit rate—one version per one
requested media file.

[0074] A media file can be represented by multiple versions
that differ from each other by bit rate. The different versions
of the media file can be generated in real time or off-line. In
both cases, the system transmits to a client metadata that will
expose to the client only to a selected version of the media
file—the version of the media file that has a bit rate that fits to
the allocation of bit rates. The client may be prevented from
being exposed to non-selected versions of the media file—
that have bit rates that do not comply with the selection. For
example—non-selected versions that have bit rates that may
be higher or lower than the allocated bit rate.
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[0075] The multiple version of a media file can be grouped
to multiple groups—wherein different groups of media files
may include different versions. The groups may share one or
two versions and may include at least one or more versions
that differ between groups.

[0076] According to another embodiment of the invention
the media file is prepared in advance—and may be associated
with a manifest file that describes the different versions of the
entire media file. Instead of transmitting to the client a modi-
fied manifest file that describes a selected version of the entire
media file, the system can send to the client only a modified
manifest file that refers to a selected version of a part of the
entire media file. When the client wishes to receive another
part of the media file it may transmit another manifest file
request. If the selection of the version of the other part of the
media file changes—the system can send to the client a modi-
fied manifest file that reflects the change.

[0077] According to an embodiment of the invention the
system receives from a media streamer a manifest file per
each media file, per each part of the media file. A media file
can be segmented to multiple parts for various reasons,
including traffic management, storage constrains and the like.
Additionally or alternatively, the partition of the media file to
parts can be used for controlling the amount of manifest file
requests sent by a user. The manifest file include retrieval
information (for example—URL, pointers to addresses in the
URL) required for retrieving the media file to be streamed to
the client. The system prevents the client from receiving
information that can be used for retrieving non-selected ver-
sions of the media file while sending to the client retrieval
information that allows a retrieval of the selected versions of
the media files.

[0078] The client is made aware of a single version of the
media file and sends (via the system or via another path)
chunk requests that request the provision of media file chunks
that have a bit rate that complies with the allocation of bit rate.
[0079] Thus, the system can enforce a bit rate allocation in
a manner that is not visible to the client or to the media
streamer.

[0080] The bit rate allocation can be modified from time to
time and it may result in evaluating the selection of versions
of the media files by the system. A change in a version is
followed by a change in the metadata sent to the client.
[0081] According to one embodiment of the invention
modified manifest files are sent to the clients only in response
to a reception of manifest file requests.

[0082] According to another embodiment of the invention
modified manifest files are sent to the clients even at an
absence of media file requests. Thus, the system can initiate to
send modified manifest files in response to events (that differ
from a reception of manifest file requests), after a predeter-
mined time period lapses from a last reception of a manifest
file request, in response to a change in an allocation of bit
rates, after a streaming of a predefined portion of'a media file
to a client, and the like.

[0083] According to an embodiment of the invention the
system receives a manifest file from the media streamer and
modifies it to provide a modified manifest file. The modifica-
tion can include removing retrieval information relating to
non selected versions of a media file. Additionally, the
removal can include sending retrieval information of only a
part of the media file, thus causing the client to send a new
manifest file request that is related to another part of the media
file. This alteration and re-transmission of manifest file
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requests can allow the system to alter the manifest file during
the streaming of the media file.

[0084] A media file can include multiple parts, for each part
of the media file the following sequence can be executed: bit
rate allocation, selection of'a selected version of the part of the
media file, modification of the manifest file and the transmis-
sion of the modified manifest file to the client. It is noted that
after these stages are executed by the system, the clients can
send chunk request that may be aimed to chunks of the
selected version of the part of the media file. The chunk
requests can be received by the system and sent to a media
streamer. The chunks (sent as a result of the chunk requests)
can be sent to the system and from the system to the clients.
[0085] According to an embodiment of the invention the
media file is a live media file that is generated in real time and
can be sent immediately (or after a small delay) to the clients.
Thus, at any given time new media files are received and they
can be associated with newly generated manifest files. In this
scenario manifest file requests are inherently generated by the
clients per each predefined time period or per each amount of
streamed media file information. Thus, a transmission of an
entire media file involves multiple transmissions of manifest
file requests from the client—allowing to easily introduce
changes in the allocated bit rate and in the selected versions of
different parts of the media file.

[0086] The system may apply bit rate allocation by apply-
ing any bit rate allocation scheme.

[0087] In any of the mentioned above embodiments the bit
rate allocation between clients and additionally or alterna-
tively, between services or flows, can be responsive to param-
eters such as: (i) video quality, (ii) user priority, (iii) operator
priority, (iv) service (flow) priority; and (v) billing consider-
ations.

[0088] FIG. 2 illustrates a system 40 according to an
embodiment of the invention. The system 40 includes:

[0089] a. An Input Output (I/O) module 42 that includes
an input interface and an output interface. The I/O mod-
ule 42 may be arranged to handle incoming and outgoing
traffic including upstream chunk requests and down-
stream chunks.

[0090] b. A bandwidth calculator and decision maker.
The module 43 may be arranged to estimate the available
bandwidth on the last mile channel and to make deci-
sions regarding the amount of bit rate that can be allo-
cated for each client. This module can be a processing
module or can be hosted by a processing module. The
processing module can include hardware components.

[0091] c. A data module 44 that includes a parser that
may create and parse relevant messages vis-a-vis the
clients and the media streamers;

[0092] d. A manifest file module 49 arranged to receive
the bit rate allocation, manifest files and to generate
modified manifest files.

[0093] e. A control unit 41 that allocates resources
among the modules of the system 40 and controls timing
and similar issues.

[0094] It should be noted that other implementations are
also possible including ones that include a memory units and
many other possibilities. Decision making can be based on
many different approaches including some mentioned below.
[0095] The system 40 may reside on the network side of the
last mile channel 12, and has a visibility to all the require-
ments from the last mile channel 12. Therefore, the combined
requests (including manifest file requests, chunk requests and
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data transfer requests) for bit rates from the media streamers
can be planned so that the transmission of media chunks and
other flows do not exceed the available bit rate. This elimi-
nates the problem of bit rate waste. In addition, the combined
requests can be planned to fill the last mile channel as much as
possible. This eliminates the problem of unused bit rate.
[0096] The system may be implemented within the archi-
tecture of any broadband provider such as mobile providers,
HFC networks, DSL networks and any other type of network.
In all cases, the system 40 may be implemented upstream
from the client at the place that has full visibility of the bitrate
limiting last mile channel.

[0097] Additionally or alternatively, the system may be
implemented in a hierarchical fashion. For example, the sys-
tem may be implemented in a residential gateway (or
DSLAM) to manage different clients within the house and
also in the Central Office to manage bit rates among different
households.

[0098] It should be mentioned that the collaborative deci-
sions can be achieved by one single process which manages
all the client requests or by numerous processes, each one
proxying one client, that negotiate among themselves.
[0099] FIG. 3 illustrates method 150 according to an
embodiment of the invention.

[0100] Method 150 may include a first sequence of bit rate
allocation, a second sequence of manifest file management
and modification and a third sequence of media chunk
streaming.

[0101] The first sequence can start by either one of stage
151 and 152.
[0102] Stage 151 includes allocating allocated bit rates to a

plurality of media files. Each media file may include a plu-
rality of chunks. Each media file (especially—the chunks that
form it) is expected to be streamed over a last mile channel
that is bandwidth limited.

[0103] Stage 152 includes receiving allocated bit rates to
the plurality of media files.

[0104] The bit rate allocation can change over time and the
bit rate allocations can be updated or changed over time. This
is reflected by the arrows that link box 151 to itself and link
box 152 to itself.

[0105] The second sequence can start by stages 153 and
154.
[0106] Stage 153 includes receiving, from a media

streamer, a manifest file for multiple versions of each of the
plurality of media files. Different versions of a same media
file differ from each other by bit rate. A manifest file associ-
ated with a media file includes retrieval information required
for retrieving different versions of the media file.

[0107] Stage 154 includes receiving a plurality of manifest
file requests from a plurality of clients that are hosted on user
devices, wherein each manifest file request received from a
client includes a request to receive retrieval information
required for a retrieval of a manifest file associated with a
requested media file that is requested by the client.

[0108] Stages 153 and 154 are followed by stage 156 of
selecting, for each requested media file, a selected version of
the media file based on (a) bit rates of the different versions of
the requested media file, and (b) a bit rate allocated for a
transmission of the requested media file to the client. The bit
rate can be allocated during stage 152. Alternatively, the
allocated bit rate can be received during stage 151.

[0109] Stage 156 is followed by stage 157 of generating a
modified manifest file for each requested media file by
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removing retrieval information associated with all non-se-
lected versions of requested media files. Each modified mani-
fest file includes retrieval information required only for a
retrieval of a selected version of a requested media file asso-
ciated with the modified manifest file. This stage can include
changing the modified files or generating new files that have
a content that can be referred to as modified manifest files.
[0110] Stage 157 may be followed by stage 158 of sending
to the clients the modified manifest files.

[0111] Thethird sequence starts by stage 161 of receiving a
plurality of chunk requests from a plurality of clients, wherein
each chunk request requests at least one chunk that belongs to
a selected version of a requested media file.

[0112] Stage 161 is followed by stage 162 of sending the
plurality of chunk requests to the media streamer.

[0113] Stage 162 is followed by stage 163 of sending to the
media streamer the plurality of chunk requests.

[0114] Stage163 is followed by stage 164 of receiving from
the media streamer chunks requested by the plurality of
chunk requests.

[0115] Stage 164 is followed by stage 165 of sending to the
plurality of clients the chunks.

[0116] Stage 165 can be followed by stage 161.

[0117] It is noted that any updates in the allocation of bit
rates can be reflected in the selection made during stage 156.
[0118] FIG. 4 illustrates method 170 according to another
embodiment of the invention. Method 170 differs from
method 150 by including stage 171.

[0119] Method 170 includes initiating a generation of
modified manifest files even at an absence of media file
requests. Stage 171 includes determining to generate a new
modified manifest file. The new modified manifest file differs
from a previously generated modified manifest file by the
selection of versions of media files to be transmitted to the
clients. The new modified manifest file and the previously
generate manifest file can refer to the same parts of media files
of'to different parts.

[0120] Stage 171 is followed by stage 157.

[0121] Stage 171 caninclude determining to generate a new
modified manifest file in response to events (that differ from
a reception of manifest file requests), or in a predetermined
period. It can include determining to generate a new modified
manifest file after a predetermined time period lapses from a
last reception of a manifest file request, in response to a
change in an allocation of bit rates, after a streaming of a
predefined portion of a media file to a client, and the like.
[0122] FIG. 5 illustrates method 180 according to an
embodiment of the invention. Method 180 of FIG. 5 differs
from method 150 of FIG. 3 by including stages 181-183
instead of stages 157-158. Method 180 can force clients to
send multiple manifest file requests by sending to the clients
modified manifest files that allow the retrieval of only one part
per media file—thus providing time based segmentation of
the media files. After the clients determine that other parts of
the media files are requested they will generate new manifest
file requests and the system executing method 180 will
expose them parts of the media files of versions that have bit
rates the reflect the current bit rate allocation, thus allowing
method 180 to adjust to and take into account bit rate alloca-
tion changes that may occurred after the previous transmis-
sion of modified manifest files.

[0123] If stage 153 includes receiving, from a media
streamer, a manifest file for multiple versions of each of the
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plurality of media files then stages 181-183 can be executed
for different parts of the plurality of media files.

[0124] Stage 181 includes selecting a part of each of the
plurality of the requested media files.

[0125] Stage 181 is followed by stage 182 of generating a
modified manifest file for the selected part of each requested
media file by removing retrieval information associated with
all non-selected versions of requested media files and by
removing retrieval information associated with one or more
non-selected parts of each of the plurality of the requested
media files.

[0126] Stage 182 is followed by stage 183 of sending to the
clients the modified manifest files and selecting another part
of'each of the plurality of the requested media files. Stage 183
can be followed by stage 182—until the sequence of stages is
completed for all the parts of each media file.

[0127] It is expected that the third sequence of stages will
be repeated for each iteration of stages 181-183. Thus, stage
161 will include receiving a plurality of chunk requests from
a plurality of clients, wherein each chunk request requests at
least one chunk that belongs to a selected version of a selected
part of a requested media file.

[0128] According to an embodiment of the invention a sys-
tem 60 is provided. An embodiment of this system is illus-
trated in FIG. 6. The system 60 receives information packets
such as media packets that belong to media chunks (media
flows) and control packets. Some of the control packets
include chunk requests.

[0129] For simplicity of explanation the following descrip-
tion will refer to media packets and to chunk requests.
[0130] The system 60 includes an input interface 61, a
parser 62, a flow state database 64, a bit rate requests database
65, an allocation data base 69, a decision engine 66 and an
output interface 68. The decision engine 66 can include the
manifest file module 49.

[0131] The parser 62 parses incoming packets received by
the input interface 60. Packets are classified as either control
packets (such as chunk requests) or data packets (such as
media packets). The decision engine and manifest file module
may form a processing module.

[0132] Media packets or information representing media
packets are used to update the flow state database 64. Control
packets such as chunk requests or information representing
the control packets are used to update the bit rate requests
database 65. Both databases 64 and 65 provide a view of the
bit rate utilization of the last mile channel and of requested bit
rate for chunk requests—fulfilled chunk requests and those
which were rejected or otherwise not fulfilled.

[0133] The allocation data base 69 stores the allocation of
bit rates.
[0134] The decision engine 66 can access all databases and

apply a bit rate control policy. It can, for example, allocate bit
rates and then generate modified manifest files accordingly. It
can also control the transmission of the modified manifest
files to the clients. The decision engine 66 can be a processing
module or be hosted by a processing module.

[0135] According to an embodiment of the invention the
flow state database 64 is used to track all the flows in last mile
channel, track the utilization, identify related flows, such as
consecutive segments of an ABR stream, identify significant
changes in the state of the media flows that warrant a notifi-
cation of the decision engine. Consecutive segments of an
ABR stream can be the subject of different chunk requests
that are sent by the same client. The client can send one or
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more chunk requests related to one or more media chunks
even before the client receives one or more previously
requested media chunks, if these different chunk requests are
both identified as being associated to the same media stream
then the bit rate allocation can take this into account when
comparing requested bit rates and allocated bit rates.

[0136] The decision engine 66 can be activated when pre-
defined conditions are fulfilled such as more than a pre-
defined change in the utilized bit rate, more than a pre-defined
amount of newly requested bit rates, and the like. Alterna-
tively, every chunk requests can be sent to the decision engine
66.

[0137] The decision engine 66 may allocate bit rates to
flows and especially to media chunks.

[0138] According to an embodiment of the invention the
decision engine 66 can distinguish between Available Bit
Rate (ABR) flows and Progressive Download (PD) flows. It
can allocate to each of these types of streaming media flows
its own aggregate bit rate and apply the same bit rate control
policy for both or apply different bit rate control policies for
each.

[0139] In various streaming techniques the client is pro-
vided with media chunks even before it starts viewing these
media chunks. This may prevent media viewing problems
when the client is temporarily prevented from receiving the
media or when the streaming to the client is otherwise limited
due to various reasons. In case that the client decides not to
view these media chunks, their transmission over the last mile
channel results in a waste of bandwidth. In order to prevent
this waste, the decision controller may delay the transmission
of' media packets from the media streamer. This can be done
by delaying acknowledgement messages sent from the client
(towards the media streamer) indicative of a reception of such
packets. This policy can be applied, for example, on ABR
chunks.

[0140] According to various embodiments of the invention
the decision engine 66 can limit the amount of media chunks
that are downloaded to a client so that if the client ends
viewing a media stream before viewing all the media chunks
that were downloaded to it—Iless media chunks will be
wasted. The limitation can include delaying a transmission of
acknowledgment messages to a media streamer, delaying a
transmission of chunk requests and the like.

[0141] FIG. 7 illustrates method 70 for enforcing a bit rate
allocation according to an embodiment of the invention.
[0142] Method 70 starts by stage 71 of receiving, by an
input interface, a packet.

[0143] Stage 71 is followed by stage 72.

[0144] Stage 72 includes parsing, by a parser, the packet
and determining whether the packet is a control packet or an
information packet. The information packet can be data
packet or a media packet.

[0145] If the packet is an information packet (INFO
PACKET) then stage 72 is followed by stages 73 and 74.
[0146] Ifthe packet is a control packet (CNTR) then stage
72 is followed by stage 80.

[0147] Stage 73 includes streaming a media packet to the
user device (if the information packet is a media packet) and
transmitting a data packet to the user device (if the informa-
tion packet is a data packet). It is noted that according to some
embodiments of the invention method 700 only addresses
upstream traffic and does not participate in the downstream
data path so that stage 73 may not be included in method 700.
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[0148] Stage 74 includes updating a flow state data base.
Thus the flow state data base may be updated to reflect the
actual bit rate utilization.

[0149] Stage 74 may be followed by stage 75 of checking if
the decision engine should be updated about the current flow
status.

[0150] Ifthe answer is positive (UPDATE) stage 74 is fol-
lowed by stage 76, else (NO) stage 74 can jump to an idle
stage 79.

[0151] The checking of stage 75 can include applying pre-
defined conditions to this updating in order to provide a
tradeoff between too many updates (that may consume too
many computerized resources or communication resources)
and fewer than desired updates (that may cause in sub-opti-
mal allocation of bit rate). For example—the decision engine
can be update per predefined period, per predefined amount of
change in requested or utilized bit-rates, when a new user is
added, when a new flow is added, when a user leaves or when
a flow is terminated.

[0152] Stage 76 includes updating the decision engine.
[0153] Stage 76 is followed by stage 77 of determining, by
the decision engine, in response to (at least) the update—how
to respond to the update and responding to the update. The
responding can include updating a bit rate allocation.

[0154] Stage 80 includes determining whether the control
packet is a chunk request (CR), an acknowledgement mes-
sage (Ack message) or another control packet (other).
[0155] If the control packet is an acknowledgement mes-
sage then stage 80 is followed by stage 81.

[0156] If the control packet is a manifest file request stage
80 may be followed by stage 200 of updating the request state
data base, updating the decision engine and executing mani-
fest file related actions—such as those illustrated in the third
sequence of each of methods 130, 140 or 150.

[0157] If the control packet is a chunk request or another
control packet then stage 80 is followed by stage 100 of
responding to the other control packet.

[0158] Stage 81 includes checking whether to delay the
transmission of the acknowledgement message to media
streamer, in order to comply with a bit rate allocated to the
flow. Delay may be required if the allocated bit rate mandates
a certain period (or a certain range of periods) between con-
secutive transmissions of acknowledgement messages.
[0159] If the answer is positive (DELAY) then stage 81 is
followed by stage 83 of delaying the transmission of the
acknowledgement message until reaching a time that corre-
sponds to the allocated bit rate. The period between consecu-
tive transmissions of acknowledgement messages may reflect
the allocated bit rate. If, for example, each acknowledgment
message is followed by a streaming of X bits and the alloca-
tion of bit rate is Y bits per second than the delay can be
substantially equal to X/Y seconds. If the answer is negative
(NO DELAY) than stage 81 is followed by stage 84.

[0160] Stage 83 is followed by stage 84 of transmitting the
acknowledgement message to the data source.

[0161] Stage 81 and 83 can be executed by a protocol
manipulator (such as a HTTP manipulator) that may access
the decision engine or the allocation data base and determine
the allocated bit rate for the flow that is related to the acknowl-
edgement message.

[0162] A non-limiting example of a bit rate control policy is
provided below:

[0163] A maximal allowable aggregate bit rate for trans-
mitting video chunks (or all types) is defined—Tzx.
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[0164] A maximal allowable bit rate for high priority users
(PUgzx) may be defined.

[0165] A maximal allowable aggregate bit rate for trans-
mission of BD media chunks and ABR media chunks are
defined—PDg, and ABR ;.

[0166] The maximal allowable aggregate bits rates for each
type of media can be a fraction of TABR,,,,. For example
ABRg, can equal 80% of TABR,,,,. ABR manifest files
include a description all the possible bit rates for a stream.
TABRmax is the sum of the possible maximums of the avail-
able streams.

[0167] After allocating bit rates for media chunks, the
remaining bit rate for data transmission (D) can be calcu-
lated by:

Dpp=(T3~PUzzr—PDgr—ABRpz)*Factor

[0168] The Factorisused to maintain some threshold below
congestion.
[0169] Different bit rates can be allocated to different data

flows although different data flows can be allocated the same
bit rate. In the latter case—each data flow can be allocated
with Fzz=(Dgr/mumber of data flows).

[0170] According to an embodiment of the invention the bit
rate allocation parameters (bit rates, factor) can be re-calcu-
lated when at least one of the following events occurs:

[0171] a. New flows
[0172] ©b. Closing of flows
[0173] c. Change of reception conditions
[0174] d. Anticipation of events (hand-ins, hand-outs,
etc.).
[0175] The following tables will illustrate an example of a

bit rate control scheme.

[0176] Tables 1 and 2 illustrate an initial state of the system
and bit rate allocations for different users.
TABLE 1
Maximal
allowable Number of
aggregate Number of Number of  data
bit rate PDzr PD flows ABRpz ABR flows  flows
4500 kbps 800 kbps 1 2100 kbps 3 6
TABLE 2
Allocated bit

User Flow ID Flow type rate (kbps)

User A Flow 1 Data 250

User B Flow 2 PD 800

User C Flow 3 ABR 400

User D Flow 4 ABR 850

User E Flow 5 ABR 850

User A Flow 6 Data 250

User F Flow 7 Data 250

User G Flow 8 Data 250

User H Flow 9 Data 250

User I Flow 10 Data 250
[0177] In this initial stage each user is exposed only to the

selected version of each media file—as indicated in the rate
(kbps) column. Thus, for example, user A is exposed (re-
ceived retrieval information related only to the 250 kbps (or
less) version of flow 1.

[0178] At this initial state user F sends an acknowledge-
ment message for a media packet of flow 7 he receives. The
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system may delay the transmission of the acknowledgement
message in order to maintain the bit rate allocation—to 250
kbps.

[0179] After a while user B sends an acknowledgement
message for a media packet of flow 2 he receives. The system
may delay the transmission of the acknowledgement message
in order to maintain the bit rate allocation—to 800 kbps.

[0180] After those events the decision engine decided to
change the allocation of bit rates to users D and C—the bit
rate allocation to flow 4 of user D is reduced from 850 kpbs to
400 kbps and to increase the bit rate allocation of flow 3 of
user C from 400 to 850 kbps. The decision can be responsive
to various reasons including but not limited to quality issues.

[0181] This change may include first reducing the bit rate
allocation to user D and then increasing the bit rate allocation
of'user C. This order may prevent congestion. It is noted that
if there is not risk of congestion (for example—when the
order of the increment and decrement of bit rates will not
cause congestions)—then the order can be reversed. It is
noted that the change in bit rate allocation should be repre-
sented by a change in the retrieval information sent to the
user—to allow the retrieval of only the selected version of the
flows—the correspond to the (updated) allocated bit rate col-
umn. Thus, user D is exposed to the 400 kbps version of flow
4 instead to the 850 version of flow 4.

[0182] Table 3 illustrates this new state:
TABLE 3
Allocated bit

User Flow ID Flow type rate (kbps)
User A Flow 1 Data 250
User B Flow 2 PD 800
User C Flow 3 ABR 850
User D Flow 4 ABR 400
User E Flow 5 ABR 850
User A Flow 6 Data 250
User F Flow 7 Data 250
User G Flow 8 Data 250
User H Flow 9 Data 250
User I Flow 10 Data 250

[0183] After a while user D sends a chunk request and the

system changes the bit rate associated with the video chunk to
400 bps—if the request (prior the change of bit rate alloca-
tion) requested more than 400 bps.

[0184] After a while user C sends a chunk request and the
system changes the bit rate associated with the video chunk to
850 bps—if the request (prior the change of bit rate alloca-
tion) requested less than 850 bps (or more than 850 bps).
[0185] After a while a new user is added—user J and a new
flow (flow 11) is also added. This will result in a change in
both status tables, as illustrated by tables 4 and 5:

TABLE 4
Maximal
allowable Number of
aggregate Number of Number of  data
bit rate PDzr PD flows ABRpzz ABR flows  flows
4500 kbps 800 kbps 1 2800 kbps 4 6
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TABLE 5
Allocated bit
User Flow ID Flow type rate (kbps)
User A Flow 1 Data 250
User B Flow 2 PD 800
User C Flow 3 ABR 850
User D Flow 4 ABR 400
User E Flow 5 ABR 850
User A Flow 6 Data 250
User F Flow 7 Data 250
User G Flow 8 Data 250
User H Flow 9 Data 250
User I Flow 10 Data 250
User J Flow 11 ABR 400
[0186] Althoughthe ABR for User J is 850 kbps—only 700

kbps were added to ABRbr of table 4 according to TABRmax.
Only 400 kpbs were allocated to flow 11 (in table 5) because
in the example, the manifest stated that the next (after 400
kbps) bitrate level is 850 kbps and this may be too high.
[0187] After a while user J sends a chunk request for flow
11 and the system changes the bit rate associated with the
video chunk to 400 bps—ifthe request (prior the change of bit
rate allocation) requested more than 850 bps.

[0188] After a while user A sends an acknowledgement
message for data flow 1 he receives. The system may delay the
transmission of the acknowledgement message in order to
maintain the bit rate allocation—to 150 kbps.

[0189] Once again—the changes in the bit rate allocation
are reflected by changes in the modified manifest files.
[0190] FIG. 8 illustrates method 110 for bit rate allocation
according to an embodiment of the invention.

[0191] Method 110 includes a sequence of stages 111, 112,
113, 114 and 115.

[0192] Stage 111 includes counting ABR and PD flows.
[0193] Stage 112 includes carving out bit rate for video
flows (VBW).

[0194] Stage 113 includes allocating to each PD flow the

requested PD bit rate (requested by the PD protocol). Thus, an
aggregate PD bit rate (PDg;) is allocated for all the PD flows.
[0195] Stage 114 includes allocating to ABR flows so that
the aggregate allocated bit rate (ABR;z) does not exceed
(VBW-PDg ). The allocation between different ABR flows
can be responsive to quality considerations—lower quality
flows can receive more bit rate.

[0196] Stage 115 includes allocating bit rates for other
flows such as data flows.

[0197] According to an embodiment of the invention
method 110 also includes an initialization stage 119 that
include allocating bit rate for premium users. Stage 119 may
precede stage 111.

[0198] Although the text above illustrated methods that
include stages, and system that execute operations in relation
to a plurality of media files it is noted that any of the disclosed
methods or systems can be applied on a single media file.
[0199] According to an embodiment of the invention the
control packets do not include chunk requests or acknowl-
edgement messages but rather include commands that relate
to other network functions and the chunk requests and
acknowledgement messages can be categorized to informa-
tion packets. In this case the mentioned above methods and
system should classify information packets to a plurality of
classes—including acknowledgement messages and chunk
requests and process these requests as mentioned above. A
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non-limiting example of a network that perform a different
classification includes a wireless network in which control
signals can include requests to perform a handoff between
cells, and the like.

[0200] Any of the methods mentioned above can be
executed by a computer that executed instructions stored in a
non-transitory computer readable medium ofa computer pro-
gram product. The computer readable medium can be a dis-
kette, a tape, a disk, a memory chip, a compact disk and the
like. It can be read by using electro-magnetic manners, elec-
trical signals, light beams, magnetic fields and the like.
[0201] Any combination of any methods (or any stages or
any method) can be provided. One or more non-transitory
computer readable mediums can store instructions for any
combination of any stage or any method (or of any method).
[0202] While certain features of the invention have been
illustrated and described herein, many modifications, substi-
tutions, changes, and equivalents will now occur to those of
ordinary skill in the art. It is, therefore, to be understood that
the appended claims are intended to cover all such modifica-
tions and changes as fall within the true spirit of the invention.

We claim:
1. A method for controlling at least one media file, the
method comprising:

allocating or receiving allocated bit rates to a media file that
comprises a plurality of chunks and is expected to be
streamed over a last mile channel that is bandwidth
limited;

receiving, from a media streamer, a manifest file for mul-
tiple versions of the media file; wherein different version
of the media file differ from each other by bit rate;
wherein a manifest file associated the media file com-
prises retrieval information required for retrieving dif-
ferent versions of the media file;

receiving a manifest file request from a client that is hosted
on a user device, wherein the manifest file request is
received from a client and comprises a request to receive
retrieval information required for a retrieval of a mani-
fest file associated with a requested media file that is
requested by the client;

selecting a selected version of the media file based on (a)
bit rates of the different versions of the requested media
file, and (b) a bit rate allocated for a transmission of the
requested media file to the client;

generating a modified manifest file for the requested media
file by removing retrieval information associated with
all non-selected versions of the requested media file;
wherein the modified manifest file comprises retrieval
information required only for a retrieval of a selected
version of the requested media file; and

sending to the client the modified manifest file.

2. The method according to claim 1, comprising:

allocating or receiving allocated bit rates to a plurality of
media files, each media file comprises a plurality of
chunks and is expected to be streamed over a last mile
channel that is bandwidth limited;

receiving, from a media streamer, a manifest file for mul-
tiple versions of each of the plurality of media files;
wherein different version of a same media file differ
from each other by bit rate; wherein a manifest file
associated with a media file comprises retrieval infor-
mation required for retrieving different versions of the
media file;
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receiving a plurality of manifest file requests from a plu-
rality of clients that are hosted on user devices, wherein
each manifest file request received from a client com-
prises a request to receive retrieval information required
for a retrieval of a manifest file associated with a
requested media file that is requested by the client;
selecting, for each requested media file, a selected ver-
sion of the media file based on (a) bit rates of the differ-
ent versions of the requested media file, and (b) a bit rate
allocated for a transmission of the requested media file
to the client;

generating a modified manifest file for each requested
media file by removing retrieval information associated
with all non-selected versions of requested media files;
wherein each modified manifest file comprises retrieval
information required only for a retrieval of a selected
version of a requested media file associated with the
modified manifest file; and

sending to the clients the modified manifest files.

3. The method according to claim 2 comprising selecting a
selected version of the media file that has a bit rate that best
matches the bit rate allocated to the transmission of the media
file to the client.

4. The method according to claim 2, wherein the allocating
of bit rates to the plurality of media files is responsive to bit
rates of different versions of the plurality of media files.

5. The method according to claim 2, comprising:

receiving a plurality of chunk requests from a plurality of
clients, wherein each chunk request requests at least one
chunk that belongs to a selected version of a requested
media file; and

sending the plurality of chunk requests to the media
streamer.

6. The method according to claim 5, comprising:

sending to the media streamer the plurality of chunk
requests;

receiving from the media streamer chunks requested by the
plurality of chunk requests; and

sending to the plurality of clients the chunks.

7. The method according to claim 2, wherein the generating
of a modified manifest file for each requested media file
further comprises removing retrieval information associated
with a selected version of a part of a requested media file
associated with the modified manifest file.

8. The method according to claim 8, comprising generating
a new modified manifest file for each requested media file,
wherein the new modified manifest file comprises retrieval
information previously removed from the modified manifest
file and is associated with the selected version of the part of
the requested media file associated with the modified mani-
fest file.

9. The method according to claim 2, comprising generating
at least one modified manifest file even at an absence of a
manifest file request from a client to retrieve the at least one
modified manifest file.

10. The method according to claim 2, wherein the media
streamer is unaware of a stage of the last mile channel.

11. The method according to claim 2, comprising allocat-
ing the allocated bit rate to each of the media files by a system
that is coupled to last mile channel.
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12. A system comprising:

an input interface arranged to receive:

allocated bit rates to a plurality of media files, each
media file comprises a plurality of chunks and is
expected to be streamed over a last mile channel that
is bandwidth limited;

a manifest file for multiple versions of each of the plu-
rality of media files; wherein different version of a
same media file differ from each other by bit rate;
wherein a manifest file associated with a media file
comprises retrieval information required for retriev-
ing different versions of the media file;

a plurality of manifest file requests from a plurality of
clients that are hosted on user devices, wherein each
manifest file request received from a client comprises
a request to receive retrieval information required

a processing module that is arranged to:

select, for each requested media file, a selected version
of the media file based on (a) bit rates of the different
versions of the requested media file, and (b) a bit rate
allocated for a transmission of the requested media
file to the client;

generate a modified manifest file for each requested
media file by removing retrieval information associ-
ated with all non-selected versions of requested media
files; wherein each modified manifest file comprises
retrieval information required only for a retrieval of a
selected version of a requested media file associated
with the modified manifest file; and

an output interface arranged to send to the clients the modi-

fied manifest files.

13. The system according to claim 12, wherein the input
interface is arranged to receive (i) allocated bit rates to a
plurality of media files, each media file comprises a plurality
of chunks and is expected to be streamed over a last mile
channel that is bandwidth limited; and (ii) a manifest file for
multiple versions of each of the plurality of media files;
wherein different version of a same media file differ from
each other by bit rate; wherein a manifest file associated with
a media file comprises retrieval information required for
retrieving different versions of the media file; (iii) a plurality
of manifest file requests from a plurality of clients that are
hosted on user devices, wherein each manifest file request
received from a client comprises a request to receive retrieval
information required for a retrieval of a manifest file associ-
ated with a requested media file that is requested by the client;

wherein the processing module is arranged to (i) select, for

each requested media file, a selected version of the
media file based on (a) bit rates of the different versions
of'the requested media file, and (b) a bit rate allocated for
a transmission of the requested media file to the client;
and (i) generate a modified manifest file for each
requested media file by removing retrieval information
associated with all non-selected versions of requested
media files; wherein each modified manifest file com-
prises retrieval information required only for a retrieval
of'a selected version of a requested media file associated
with the modified manifest file; and

wherein the output interface is arranged to send to the

clients the modified manifest files.

14. The system according to claim 13, wherein the process-
ing module is arranged to select a selected version of the
media file that has a bit rate that best matches the bit rate
allocated to the transmission of the media file to the client.

12
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15. The system according to claim 13, wherein the process-
ing module is arranged to allocate bit rates to the plurality of
media files is responsive to bit rates of different versions of
the plurality of media files.

16. The system according to claim 13, wherein the input
interface is arranged to receive a plurality of chunk requests
from a plurality of clients, wherein each chunk request
requests at least one chunk that belongs to a selected version
of a requested media file; and wherein the output interface is
arranged to send the plurality of chunk requests to the media
streamer.

17. The system according to claim 16, wherein the output
interface is arranged to send to the media streamer the plu-
rality of chunk requests; wherein the input interface is
arranged to receive from the media streamer chunks
requested by the plurality of chunk requests; and wherein the
output interface is arranged to send to the plurality of clients
the chunks.

18. The system according to claim 13, wherein the process-
ing module is arranged to generate a modified manifest file for
each requested media file by removing retrieval information
associated with a selected version of a part of a requested
media file associated with the modified manifest file.

19. The system according to claim 18, wherein the process-
ing module is arranged to generate a new modified manifest
file for each requested media file, wherein the new modified
manifest file comprises retrieval information previously
removed from the modified manifest file and is associated
with the selected version of the part of the requested media
file associated with the modified manifest file.

20. The system according to claim 13, wherein the process-
ing module is arranged to generate at least one modified
manifest file even at an absence of a manifest file request from
a client to retrieve the at least one modified manifest file.

21. The system according to claim 13, wherein the media
streamer is unaware of a stage of the last mile channel.

22. The system according to claim 13, wherein the process-
ing module is arranged to allocate the allocated bit rate to each
of the media files by a system that is coupled to last mile
channel.

23. A computer program product that comprises a non-
transitory computer readable medium that stores instructions
for:

allocating or receiving allocated bit rates to a plurality of

media files, each media file comprises a plurality of
chunks and is expected to be streamed over a last mile
channel that is bandwidth limited;

receiving, from a media streamer, a manifest file for mul-

tiple versions of each of the plurality of media files;
wherein different version of a same media file differ
from each other by bit rate; wherein a manifest file
associated with a media file comprises retrieval infor-
mation required for retrieving different versions of the
media file;

receiving a plurality of manifest file requests from a plu-

rality of clients that are hosted on user devices, wherein
each manifest file request received from a client com-
prises a request to receive retrieval information required
for a retrieval of a manifest file associated with a
requested media file that is requested by the client;

selecting, for each requested media file, a selected version
of the media file based on (a) bit rates of the different
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versions of the requested media file, and (b) a bit rate
allocated for a transmission of the requested media file
to the client;

generating a modified manifest file for each requested
media file by removing retrieval information associated
with all non-selected versions of requested media files;
wherein each modified manifest file comprises retrieval
information required only for a retrieval of a selected
version of a requested media file associated with the
modified manifest file; and

sending to the clients the modified manifest files.

24. The computer program product according to claim 23,
wherein the non-transitory computer readable medium stores
instructions for:

allocating or receiving allocated bit rates to a plurality of
media files, each media file comprises a plurality of
chunks and is expected to be streamed over a last mile
channel that is bandwidth limited;

receiving, from a media streamer, a manifest file for mul-
tiple versions of each of the plurality of media files;
wherein different version of a same media file differ
from each other by bit rate; wherein a manifest file
associated with a media file comprises retrieval infor-
mation required for retrieving different versions of the
media file;

receiving a plurality of manifest file requests from a plu-
rality of clients that are hosted on user devices, wherein
each manifest file request received from a client com-
prises a request to receive retrieval information required
for a retrieval of a manifest file associated with a
requested media file that is requested by the client;
selecting, for each requested media file, a selected ver-
sion of the media file based on (a) bit rates of the differ-
ent versions of the requested media file, and (b) a bit rate
allocated for a transmission of the requested media file
to the client;

generating a modified manifest file for each requested
media file by removing retrieval information associated
with all non-selected versions of requested media files;
wherein each modified manifest file comprises retrieval
information required only for a retrieval of a selected
version of a requested media file associated with the
modified manifest file; and

sending to the clients the modified manifest files.

25. The computer program product according to claim 24,
wherein the non-transitory computer readable medium stores
instructions for selecting a selected version of the media file
that has a bit rate that best matches the bit rate allocated to the
transmission of the media file to the client.

26. The computer program product according to claim 24,
wherein the non-transitory computer readable medium stores
instructions for allocating of bit rates to the plurality of media
files in response to bit rates of different versions of the plu-
rality of media files.

27. The computer program product according to claim 24,
wherein the non-transitory computer readable medium stores
instructions for receiving a plurality of chunk requests from a
plurality of clients, wherein each chunk request requests at
least one chunk that belongs to a selected version of a
requested media file; and

sending the plurality of chunk requests to the media

streamer.
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28. The computer program product according to claim 27,
wherein the non-transitory computer readable medium stores
instructions for:

sending to the media streamer the plurality of chunk
requests;

receiving from the media streamer chunks requested by the
plurality of chunk requests; and

sending to the plurality of clients the chunks.

29. The computer program product according to claim 24
wherein the non-transitory computer readable medium stores
instructions for generating of a modified manifest file for each
requested media file by removing retrieval information asso-
ciated with a selected version of a part of a requested media
file associated with the modified manifest file.

30. The computer program product according to claim 29
wherein the non-transitory computer readable medium stores
instructions for generating a new modified manifest file for
each requested media file, wherein the new modified manifest
file comprises retrieval information previously removed from
the modified manifest file and is associated with the selected
version of the part of the requested media file associated with
the modified manifest file.

31. The computer program product according to claim 24
wherein the non-transitory computer readable medium stores
instructions for generating at least one modified manifest file
even at an absence of a manifest file request from a client to
retrieve the at least one modified manifest file.

32. The computer program product according to claim 24
wherein the non-transitory computer readable medium stores
instructions for allocating the allocated bit rate to each of the
media files by a system that is coupled to last mile channel.

33. A method comprising: receiving a first manifest file and
information about a communication network condition;
wherein the manifest is associated with at least one media file
and comprises first retrieval information required for retriev-
ing the at least one media file; and generating, in response to
the information about the communication network condition
a second manifest file that comprises second retrieval infor-
mation that differs from the first retrieval information.

34. The method according to claim 33, wherein the first
retrieval information exposes a first group of versions of the at
least one media file and the second retrieval information
exposes a second group of versions of the at least one media
file, wherein the first group differs from the second group.

35. A computer program product that comprises a non-
transitory computer readable medium that stores instructions
for: receiving a first manifest file and information about a
communication network condition; wherein the manifest is
associated with at least one media file and comprises first
retrieval information required for retrieving the at least one
media file; and generating, in response to the information
about the communication network condition a second mani-
fest file that comprises second retrieval information that dif-
fers from the first retrieval information.

36. The computer program product according to claim 24
wherein the first retrieval information exposes a first group of
versions of the at least one media file and the second retrieval
information exposes a second group of versions of the at least
one media file, wherein the first group differs from the second
group.

37. A system comprising an input interface for receiving a
first manifest file and information about a communication
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network condition; wherein the manifest is associated with at 38. The system according to claim 37 wherein the first
least one media file and comprises first retrieval information retrieval information exposes a first group of versions of the at
required for retrieving the at least one media file; and a mani- least one media file and the second retrieval information
fest file module for generating, in response to the information exposes a second group of versions of the at least one media
about the communication network condition a second mani- file, wherein the first group differs from the second group.
fest file that comprises second retrieval information that dif-
fers from the first retrieval information. ok ok w
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