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RECORDING DATA SREAMS IN DISTRIBUTED STORAGE SYSTEMS

Technical field

The present invention relates to a method or a device for
recording a data stream on a distributed storage system.
Furthermore, the present invention relates to a method or
device for playing back such a data stream recorded on a

distributed storage system.

Background

Based on the peer-to-peer (P2P) technology, a distributed
storage system can make use of all storage capacity of con-
nected peers, i.e. nodes, to store data, such as duplicating
important data in different peers, or splitting large-size

data and sharing or storing them in different peers.

The present document relates to the specific Material Ex-
change Format (MXF). MXF is an open file format targeted at
the interchange of audio-visual material with associated
data and metadata. It has been designed and implemented with
the aim of improving file based interoperability between

servers, workstations and other content creating devices.
Basic MXF structure
As shown in Fig. 1 taken form the MXF standard specifica-

tion, the MXF Format consists of a File Header, a File Body

and a File Footer.
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The File Header contains Header Metadata, which provides in-
formation about the file as a whole, including labels for

the early determination of decoder compliance.

The File Body comprises picture, sound and data essence
stored in Essence Containers. Essence Containers from dif-
ferent tracks may be interleaved or separated as shown in
Fig. 2. Body Partition Packs of File Body may optionally

contain repetition of Header Metadata.

The File Footer terminates the file and may opticnally con-
tain Header Metadata. The File Footer may further include
some information not available at the time of writing the
File Header (such as the duration of the file). In certain

specialized cases, the File Footer may be omitted.

The File Header is designed to be small enough that it can
easily be isolated and sent to a microprocessor for parsing.
The bulk of the file will usually be the File Body - this is
the picture, sound and data essence. The File Footer pro-
vides capacity to put the Header Metadata at the end of the
file. The reason is: in certain applications, such as re-
cording a stream to an MXF file, there will be Header Meta-
data values that will not be known until the recording is
finished. The File Footer provides a mechanism for doing
this. It also provides clear indication that the file has

terminated.

The basic MXF structure supports embedded metadata through-
out the MXF file.

MXF interoperation with stream Interfaces

MXF files will often be processed in streaming environments.

This will include streaming to and from videotapes and data
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tapes, and transmission over unidirectional links or links

with a narrow-band return-channel.

Sequential writing is necessary when the source or the link
or the destination operates only in streaming mode. Random
access writing is permissible before or after data transfer,

for example, to optimize downstream access performance.

MXF’s Operational Patterns have a special qualifier bit that

indicates that the file has been created for streaming.

MXF files may be directly created from standardized formats
such as MPEG2 systems and elementary streams, AES3 data
streams (Audio Engineering Society Standard) and Digital
Video (DV) DIF packet streams. These formats may be mapped
from one of several real-time interfaces such as SMPTE 259M
(Serial Digital Interface, SDI), SMPTE 305M (Serial Digital
Transport Interface, SDTI), SMPTE 292M (High-Definition
Serial Digital Interface, HD-SDI), or transport interfaces
with real-time protocols such as IEEE-1394, ATM, IEEE802
(ethernet), ANSI Fibre Channel and so on.

When a streaming file 1s captured, a File Header is created
and the essence is KLV (Key Length Value) wrapped on the
fly. The data rate increases due to the KLV wrapping and ad-
dition of headers. Real time streaming devices must ensure
that any buffering requirements of a streaming interface are

catered for with this change of data rate.

The basic MXF structure supports stream recording and play-
back.

File splitting requirement of a Distributed Storage system

The behaviour of a distributed storage home network system

will in the future probably be characterized by a convenient
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automatically “storekeeping” of all kind of data. The user
will not know in any case where the content is stored. So
this kind of distributed storage system can be seen as a
monolithic storage block and the system has to look by its
own for a storage device that matches capacity of free stor-
age without any administrative effort by the user, and with

a transparent behaviour for the requiring application.

The distributed storage system has to deal with different
lengths of application packets coming along with the stream-
ing data of}different standards (e.g. MPEG-2, DV, etc.).
When streaming data has to be handled by the distributed
storage system, it is not generally possible to get the size
of the data in advance. So seamless real-time splitting of
data could be necessary when the maximum capacity of a peer,
or node, will be reached. This invention proposes methods
for the processing of streaming data in the distributed

storage environment for the record and playback condition.

Invention

It is the object of the present invention to provide a dis-
tributed storage system which is able to support real-time

recording of streaming data.

According to the present invention this object is solved by
a method for recording a data stream on a distributed stor-
age system by packing said data stream into at least a first
MXF file and a second MXF file, inserting first connection
data into said first MXF file, said first connection data
pointing to said second MXF file, and inserting second con-
nection data into said second MXF file, said second connec-

tion data pointing to said first MXF file.

Furthermore, there is provided a corresponding device for

recording a data stream on a distributed storage system in-
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cluding packing means for packing said data stream into at
least a first MXF file and a second MXF file, data process-
ing means for inserting first connection data into said
first MXF file, said first connection data pointing to said
second MXF file, and for inserting second connection data
into said second MXF file, said second connection data

pointing to said first MXF file.

Simultaneously, there is provided a method for playing back

a data stream recorded on a distributed storage system

by reading connection data from a first MXF file, said con-

nection data pointing to a second MXF file, building an MXF

file chain on the basis of said connection data and playing

back the essence data of said first MXF file and said second

MXF file according to said MXF file chain.

Moreover, there is provided a corresponding device for play-
ing back a data stream recorded on a distributed storage
system including reading means for reading connection data
from a first MXF file, said connection data pointing to a
second MXF file, data processing means for building a MXF
file chain on the basis of said connection data and playing
means for playing back the essence data of said first MXF
file and said second MXF file according to said MXF file

chain.

The advantage of such methods and devices is, that while
stream recording, if a peer reaches its storage-capacity,
the input stream may be rerouted to another peer or other
peers, in order to record the input stream continuously. The
file splitting can be performed in real-time. Consequently,
the present invention enables such seamless real-time stream

recording and stream-able data play back for MXF files.

Preferably, the inventive method of recording a data stream
further includes the step of inserting third connection data

into said second MXF file, wherein said third connection
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data pointing to a third MXF file. Thus, a current MXF file
points to the last MXF file and to the next MXF file.

The step or steps of inserting connection data into the MXF
file may be performed while terminating said recording of an
MXF file. At that moment the last MXF file and the next MXF

file are available, or known respectively.

While recording, the data stream may be split into a spe-
cific number of MXF files, wherein the specific number is
not known in advance, and connection data pointing to all of
these MXF files may be stored in each of said specific num-
ber of MXF files. This enables to obtain the complete MXF
file chain by reading only one MXF file.

The connection data may be inserted as metadata into the
header and/or the footer of an MXF file. If the connection
data are stored both in the header and the footer, the MXF

file can be split later without problems.

When MXF files are in Open Status, in order to built up the
MXF file chain the step of reading connection data may be
repeated for each MXF file of said MXF file chain. Thus, the
MXF file chain can be built up step by step.

When MXF files are in Closed Status, i.e. finished, the step
of reading connection data needs to be performed only once
for one MXF file chain, wherein connection data pointing to
all MXF files of said MXF file chain are included in each of
said MXF files of said MXF file chain. In this case it is
only necessary to read any one of the MXF files in order to

obtain the complete MXF file chain.

Preferably, the connection data include task data, attribute
data and reference data. The task data contains a task ID
value, the attribute data contains a status value like

“next” (for a following MXF file) or “last” (for a preceding
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and the reference value contains an ID value, e.g.

UUID, of the other MXF file. By inserting these three dif-

ferent data as connection metadata into the MXF header, it

is possible to realize seamless real-time stream splitting

for recording and play back.

Drawings

The present invention will now be described in more detail

in connection with the attached drawings showing in

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

an overall data structure of a simple MXF file

according to the standard;

an overall data structure of an MXF file with

some optional components;

a scheme of splitting a metadata according to

the present invention;

the insertion of connection metadata to an MXF

file 1 after stream recording on a peer 1 of a

distributed storage system;

the insertion of connection metadata to an MXF
file 2 before and after stream recording on a

peer 2 of the distributed storage system;

the insertion of connection metadata to an MXF
file k before and after stream recording on a
peer k [k= 2,3, .. (n-1)] of the distributed

storage systems;

the insertion of connection metadata to an MXF
file n before and after stream recording on a

peer n;
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Fig. 8 the connection metadata of the MXF file 1 in a

closed and completed status;

Fig. 9 the connection metadata in the MXF file k in

the closed and completed status;

Fig. 10 the connection metadata in the MXF file n in

the closed and completed status; and

Fig. 11 connection metadata packages in an MXF file.

Exemplary embodiments

In the following, preferred embodiments of the present in-

vention are described in more detail.

Setting up special “Connection Metadata” into MXF file

In order to realize real-time file splitting for stream re-
cording and playback, a special “Connection Metadata” is
created. This Connection Metadata is ipserted in the Header
Metadata of the MXF file. The Header Metadata may be located
in the File Header, the File Body and/or the File Footer.

As shown in Fig. 3, a Connection Metadata according to the
present embodiment consists of at least three parts: Task,

Attribute and Reference. These parts may e.g. be fields.

The Task field contains a task ID value. For example, each
stream recording action has an own task ID. The Attribute
field value can represent at least two statuses: “next” and
“last”. The “next” attribute means that the current MXF file

is followed by a subsequent MXF file, because of the split
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stream recording. The subsequent MXF file can be found by
the UUID (Universal Unique Identifier) included in the Ref-
erence field. The “last” attribute means that the current
file follows a preceding MXF file and is a part of a split
stream. The preceding MXF file can be found by the UUID in-

cluded in the Reference field.

For representing different kinds of splitting scenarios of
stream recording, a Header Metadata may contain multiple
Connection Metadata. The Connection Metadata may be firstly

generated by both the MXF File Header and the File Footer.

In the following, application scenarios of the Connection

Metadata are pointed out in detail.

Recording a stream into a sequence of MXF files by using

Connection Metadata

To handle concatenated stream objects in a distributed stor-
age system, all associated MXF files will be labeled by a
UUID, and the complete sequence of connected streamable ob-
jects (MXF files) can be generated with the help of Connec-
tion Metadata embedded in each of the MXF files.

One requirement of the distributed storage system is the
self-organizing of all functions that are not significant
for the user. For these tasks (e.g. file splitting when the .
capacity of one node is achieved), a self-controlled ex-

change of control messages between the nodes is necessary.

In the distributed storage system an input stream shall be
real-time recorded continuously into n MXF files of n peers.
Connection Metadata in all these MXF files have the same
task ID value. Every peer communicates with each other

through control metadata designed by the distributed storage
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system. The recording procedure is described in detail in

the following (compare Fig. 4 to 8):

. At first, the input stream is packed into MXF file (1) in

peer (1) of the distributed storage system.

Before peer (1) reaches its maximum storage capacity,
peer (1) should send a Control Message to other peers to

ask if any peer can continue to record the stream.

If peer (2) replies that it can continue to record the
stream, peer (1) will tell the receiving device of the
input stream to prepare for rerouting the incoming stream
to peer (2). Peer (2) will be noticed to prepare for re-

cording the input stream.

. As shown in Fig. 4, while terminating the current stream

recording, peer (1) generates a new Connection Metadata
(1ly) and inserts it into the Header Metadata in the File
Footer of the current MXF file (1). In this case, the
File Footer of MXF file (1) must include Header Metadata,
though usually the Header Metadata in MXF File Footer is
optional. The current stream recording task ID is set as
the Task wvalue of the Connection Metadata (ly). The At-
tribute value of the Connection Metadata (ly) is set to
be “next”, and the Reference contains the UUID of MXF

file (2) in peer (2), which records the following stream.

As shown in Fig. 5, when peer (2) starts to record the
incoming stream, at first it generates the File Header of
the MXF file (2) and inserts a Connection Metadata (2i)
in the Header Metadata of the File Header. The value of
the Attribute of the Connection Metadata (2y) is “last”
and the UUID of MXF file (1) is put in its Reference.

If peer (2) will reach its maximum storage capacity, the

same action as described in steps 2 to 4 are repeated.
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The input stream will be rerouted to another peer after
terminating the recording task in peer (2), a Connection
Metadata (2y) will be inserted in the Header Metadata of
the File Footer of peer (2). The Attribute of Connection
Metadata (2y) i1s “next” and its Reference includes the

UUID of the next MXF file (3), see Fig. 5.

7. Further peers (k) may repeat steps 5 and 6 until the
whole stream recording processing is finished with MXF
file (n) of peer (n), wherein k= 2,3, .., n-1. As shown in
Fig. 6, in‘the Header Metadata of the File Header, all
previous “last” Connection Metadata ((2i) ..(ky)) are ac-
cumulated and inserted into the Header Metadata according
to the natural order of created MXF files. This structure
enables each MXF file (k) to know all its prior concate-

nated MXF files.

8. When the whole stream recording processing will be fin-
ished in peer (n), as shown in Fig. 7, the MXF file (n)
generates a Header Metadata in the File Header, which
accumulates all “last” Connection Metadata ((21) ..(nu)),
and arranges them in their natural order. Before termi-
nating the whole stream recording task, the same sequence
of Connection Metadata ((21) ..(ny)) may be optionally re-
peated in the Header Metadata of the File Footer of the
MXFE file (n).

According to the above described stream recording process-—
ing, the input stream is recorded into a sequence of MXF
files (1,2,..n). These real-time generated “last” and “next”
Connection Metadata in the Header Metadata of the File
Header or the File Footer provides enough messages for play-

ing back the sequence of MXF files.
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Finalizing Connection Metadata in Closed MXF File

However, it must be kept in mind that these n MXF files gen-
erated from the input stream according to the above proce-
dure are still in an “Open” status. According to the MXF
standard specification, MXF files shall be closed before
playback. Therefore, a finalizing process is necessary to
make the Connection Metadata partitions in the Header Meta-
data of the above MXF files to be “Closed”. All associated
peers may send control metadata to each other to search and
collect the Connection Metadata messages in these concate-
nated MXF files. The Connection Metadata in “Closed” MXF

files may be described as following (compare Fig. 8 to 10):

1. As shown in Fig. 8, after the finalizing-process, Header
Metadata of the first MXF file (1) contains no “last”,
but all “next” Connection Metadata ( (ly)..((n-1)y) ), as
indicated by the index “N”. The Header Metadata may op-
tionally be repeated in the File Footer and the Body Par-
titions of the File Body as indicated by dashed arrows in

Fig. 8.

2. As shown in Fig. 9, after the finalizing-process, the
Header Metadata of any following MXF file (k) contains
all “last” Connection Metadata ((2;) ..(ky) ) created be-
fore the current MXF file (k), including that of the cur-
rent file, and all “next” Connection Metadata ((ky) ..((n-
1)y)) created after the current MXF file (k), including
that of the current file.

3. As shown in Fig. 10, after the finalizing-process, the
Header Metadata of the end MXF file (n) contains all
“last” Connection Metadata ((2;) .. (ny)) created in the
sequence of MXF files. Like in MXF file (1) the Header
Metadata in all MXF files (k) and (n) may optionally be
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repeated in the File Footer and the Body Partitions of
the File Body as indicated by dashed arrows in Fig. 10.

Concatenated MXF files playback by using Connection
Metadata

MXF features enable stream—able playback of its essence in

the MXF Essence Container.

By using control metadata that are designed and generated by
the distributed storage system, it is possible to set up

stream-able playback among a group of peers.

Playback of Open MXF files

Although MXF decoders are not required to be able to decode
Open MXF files, it shall be assumed herein to be possible to
playback these concatenated Open MXF files with Connected
Metadata. As shown in Fig. 4-7, usually these embedded Con-
nection Metadata in each MXF file provide reference to all
prior concatenated MXF files and only the next MXF file. For
playback of these MXF files, it may be started from any MXF
file of any peer (1,2,..,n) to set up the playback task. At
first, all UUIDs of all prior MXF files can be extracted
from these accumulated “last” Connection Metadata in the
Header Metadata from the File Header or the File Footer of
each MXF file, except MXF file (1), which has no “last” Con-
nection Metadata. Then, the “next” Connection Metadata in
the File Footer of the current MXF file is parsed to find
its next reference MXF file. The “next” Connection Metadata
in the File Footer of each next MXF file is parsed one by
one. Afterwards, a playback task is arranged by using con-

trol metadata among related peers.
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Playback of Closed MXF files

As shown in Fig. 8 to 10, in closed MXF files, each MXF file
contains compact Connection Metadata, which link to all
other concatenated MXF files. In this case, a playback task
may start from any MXF file of any peer (1,..,n). Only Con-
nection Metadata in the current MXF file need to be parsed,
since it includes all reference messages about all concate-
nated MXF files from any one selected MXF file. Based on the
reference messages from one MXF file in one peer, the

stream-able playback task in the system can be set up.

Multiple tasks supported by Connection Metadata Packages

As shown in Fig. 11, while recording or packing a stream
into MXF files, it is allowed to create different Connection
Metadata Packages in the Header Metadata. Connection Meta-
data in different packages are distinguished with their Task
ID. Different Connection Metadata Packages direct to differ-
ent sequences of concatenated MXF files. This design may be

useful in the following scenarios:

While recording a stream into an MXF file of a peer, before
the peer reaches its maximum storage capacity, it will ask
other peers if they can continue to record the input stream.
If more than one peer can do it, and the current network ca-
pacity permits to do synchronized stream recording, and the
task manager would like to do so, the current peer will gen-
erate multiple Connection Metadata packages. Connection
Metadata in the same package will have the same Task ID,
which represents a sequence of concatenated MXF files. Dif-
ferent packages direct to different sequences of MXF files.
In this application, multiple sequences of concatenated MXF

files are generated.
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When a stream is split recorded into concatenated MXF files,
sometimes the user would like to duplicate some MXF files
for making safe copies. A duplicated MXF file may stay in
the same or different peer from its origin. In this case,
the system should generate separated Connection Metadata
Package (s) in associated Header Metadata of all related MXF
file(s). Based on such alternative Connection Metadata Pack-
age(s), it is possible to repair defect files and arrange

optimal playback.

The invention is usable for all kinds of stream recording
devices that can be used in distributed storage networks,
particularly audio and/or video stream recorders in decen-

tralized networks, such as peer-to-peer networks.
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Claims

Method for recording a data stream on a distributed stor-
age system

characterized by

packing said data stream into at least a first MXF file
(1) and a second MXF file (2),

inserting first connection data (1ly) into said first MXF
file (1), said first connection data (1ly) pointing to
said second MXF file (2), and

inserting second connection data (2;) into said second
MXF file (2), said second connection data (2;) pointing
to said first MXF file (1).

Method according to claim 1, further including the step
of inserting third connection data (2y) into said second
MXF file (2), said third connection data (2y) pointing to
a third MXF file (3).

Method according to claim 1 or 2, wherein said step or
steps of inserting connection data is/are performed while

terminating said recording of the respective MXF file.

Method according to one of the preceding claims, wherein
said data stream is split into a specific number of MXF
files and connection data pointing to all of these MXF

files are stored in each of said specific number of MXF

files.

Method according to one of the preceding claims, wherein
connection data are inserted into header and/or footer

data of an MXF file.

Device for recording a data stream on a distributed stor-

age system

~characterized by
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packing means for packing said data stream into at least
a first MXF file (1) and a second MXF file (2),

data processing means for inserting first connection data
(1y) into said first MXF file (1), said first connection
data (ly) pointing to said second MXF file (2), and for
inserting second connection data (2) into said second
MXF file (2), said second connection data (2;) pointing

to saild first MXF file (1).

Device according to claim 6, wherein said data processing
means is suitable for inserting third connection data
(2y) into said second MXF file (2), said third connection

data (2y) pointing to a third MXF file (3).

Device according to claim 6 or 7, wherein said packing
means enables splitting of said data stream into a spe-
cific number of MXF files and connection data pointing to
all these MXF files are storable in each of said specific

number of MXF files.

Device according to one of the claims 6 to 8, wherein
said data processing means are suitable for inserting
connection data into header and/or footer data of a MXF

file.

Method for playing back a data stream recorded on a dis-
tributed storage system

characterized by

reading connection data (ly) from a first MXF file (1),
said connection data (ly) pointing to a second MXF file
(2),

building a MXF file chain on the basis of said connection
data (1y) and
playing back the essence data of said first MXF file (1)
and said second MXF file (2) according to said MXF file

chain.
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13.

14.

15.

16.
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Method according to claim 10, wherein said step of read-
ing connection data is repeated for each MXF file of said

MXF file chain.

Method according to claim 10, wherein said step of read-
ing connection data is performed only once for one MXF
file chain, wherein connection data pointing to all MXF
files of said MXF file chain are included in each of said

MXF files of said MXF file chain.

Device for playing back a data stream recorded on a dis-
tributed storage system
characterized by
reading means for reading connection data (ly) from a
first MXF file (1), said connection data pointing to a
second MXF file (2),
data processing means for building a MXF file chain on
the basis of said connection data (ly) and
playing means for playing back the essence data of said
first MXF file (1) and said second MXF file (2) according
to said MXF file chain.

Device according to claim 13, wherein said reading means
is able to read connection data from each MXF file of

said MXF file chain.

Device according to claim 13, wherein said reading means
is able to read all connection data of a MXF file chain

from one MXF file of said MXF file chain.

Method or device according to one of the preceding
claims, wherein said connection data includes task data,
attribute data and reference data, said task data con-

tains a task ID value, said attribute data contains a
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status value like “next” or “last” and said reference

data contains an ID value of another MXF file.
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