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A conputer controlled system & * Technical Field of the Invention.
The present invention generally relates o a conputer controlled
system e.g. of the kind included in a network

DESCRIPTION

DIGITAL DATA RECORDING/REPRODUCTION METHOD,

AND DIGITAL DATA RECORDING/REPRODUCTION APPARATUS

TECHNICAL FIELD

The present invention relates to methods and apparatuses for
recording and reproducing digital data in/from disk recording
media and, more particularly, to a digital data recording/
reproduction method for preventing destruction of file and loss
of data when an abend such as a power failure occurs, ana a
digital data recording/reproduction apparatus using the digital

data recording/reproduction method.

BACKGROUND ART

As a conventional method for preventing destruction of file
and loss of data which occur during a power failure, Japanese
Published Patent Application No. Hei.8-255001 discloses a method
using an uninterruptable power supply (UPS) which can temporarily
supply power during a power failure.

Hereinafter, the structure and operation of a conventional
UPS system will be described with reference to figure 16.

Figure 16 is a diagram illustrating the structure of the
conventional UPS system.

The conventional UPS system comprises an I/O unit 1302 for
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failure occurs; and an operation check circuit 1303 for receiving
a commercial power supply break signal from the UPS 1304, which
indicates the state of power failure of a commercial power supply,
and deciding that a power failure occurs, when this commercial
power supply break signal continues for longer than a
predetermined time.

On receipt of the signal from the operation check circuit
1303 informing that a power failure occurs, the control PC 1301
closes the active file. Further, the operation check circuit
monitors the power supply voltage, and when something abnormal
occurs, it automatically reports the abnormality by using a
telephone-line automatic report unit 1305.

As described above, according to the conventional UPS system,
since the control PC 1301 can close the active file even when a
power failure occurs, destruction of the active file or loss of
data hardly occurs during the power failure.

By the way, there are tape media typified by VCR as
recording media of digital data recording/reproduction
apparatuses intended for home use. In recent years, instead of
the tape media, random-accessible disk recording media, such as

magnetic disks and optical magnetic disks, have been used.



EP 405,829 relates to a tel ecommuni cati on systemin which the software

Is i'npl efrented by neans of independent software conponents in the form
of objects. A function runtime linker ing a runtime systemrecords the
obj ects and stores a data pointer 25 to the data of the objects. To
comuni cate wi th anot her object, a source object transmts a nessage
to the runtinme system The nmessage i ncludes nane and identity of the
met hod of the destinati on object. The runtinme system serves
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stored in the medium. However, in the case of a disk recording
medium constituted for use in a computer, all of video data which
have been recorded from the start of recording to the power

failure are lost unless the recording end process is correctly
performed.

Hereinafter, a description will be given of the reason why
destruction of file or loss of data occurs when a power failure
occurs during data recording on a disk recording medium
constructed for used in a computer, with reference to figure 17.

Figure 17 shows a file structure in a recording area of a
disk recording medium, which is employed in an OS of a computer,
such as MS-windows (produced by Microsoft).

The recording area of the disk recording medium is composed
of a root directory 1401, a file allocation table 1402, and
clusters 1403.

The root directory 1401 holds the title of each file stored
in the disk recording medium, and the head cluster number of the
file. The file allocation table 1402 holds connection
information of the clusters 1403 by which the file is constituted.
The clusters 1403 are the smallest units of data
recording/reproduction on/from the disk recording medium, and
hold actual data.

In the example of figure 17, the root directory 1401



WD 96/ 18145 PCT/ SE95/ 01481

2 processor, the runtinme system broadcasts the nessage to ot her
processors. In each of the receiving prgcessors, the runtine system
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pointer information in the runtine | i nker. I nterprocessor nessages

nclude g, 20UrE8PEREESTOF 1o 10 9RAkLOTmARd LS LN M Hiap of each

of the p SOrs stores he”sour ce processor and the
synbol i ¢ _nane .10 0

message rpgordlngrggé%gégéstgf%gﬁgaffg% %%% CTGSEerQthﬂé¥‘ﬁdﬁd?ce%§ﬂ£
file allocation table 1402 indicates that Data 1 is composed of
the clusters having the cluster numbers 0002, 0003, and 0004.
Accordingly, the actual data of Data 1 is stored in the areas
corresponding to the clusters 1403 having the cluster numbers
0002, 0003, and 0004. In the file allocation table 1402, FFFF is
the cluster number indicating the final cluster of the file.

When recording data, initially, the file name and the head
cluster number are entered in the root directory 1401, and the
actual data is recorded in the respective clusters 1403 while
updating the connection information of the clusters 1403 in the
file allocation table 1402.

By the way, the root directory 1401 and the file allocation
table 1402 are fixed in the disk recording medium, and the area
of the disk recording medium other than the root directory 1401
and the file allocation table 1402 is used as the areas of the
respective clusters 1403.

At the time of data recording, when the cluster connection
information and the actual data are written in the file
allocation table 1402 and in each area of the cluster 1403,
respectively, the cluster connection information in the file
allocation table 1402 must be updated every time the data is
written-in the cluster 1403. So, there arises a need to seek the

write head onto the disk recording medium, whereby the write



In US 4,901,231 there is described a nultiprocessor system executing
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the fg£§¥%ation of the file allocation table 1402 in a memory, and
the information of the file allocation table 1402 is reflected
onto the disk recording medium when the data recording is ended,
i.e., when the file is closed.

In the above-described data recording in the disk recording
medium, however, if a power failure occurs before the recording
end process is executed, since the file allocation table 1402 in
the disk recording medium is not updated yet, the cluster
connection information on the file allocation table 1402 is lost
although data has been recorded in the clusters 1403 from the
start of recording to the power failure, resulting in destruction
of file and loss of data.

Further, the use of the conventional UPS as a countermeasure
against loss of data increases the price of the digital data
recording/reproduction apparatus for home use.

The present invention is made to solve the above-described
problems, and it is an object of the present invention to provide
inexpensive method and apparatus for digital data
recording/reproduction, which prevent destruction of file and

loss of data when an abend, such as a power failure, occurs

during data recording.



Summary 30 Any conputer controlled system has a control program
executlng on at | east one processor. Today a great nunber of

requi renents are made with respect to sygh a system anong MShbatHasBeexd@nlaqg@
mentioned that the application devel opnment shoul d be

shoul d have extrenely high availability, and 35 It should Eg %ﬂ

upgrade its capacity etc. A way of conplying with such remnen

to have it designed with a | ayered architecture, where appllcatlons

are progr /18145
PCT/ SE95/ﬁ051§4%‘%5%'3‘Ea OF THE INVENEX&

According to Claim 1 of the present invention, there is
provided a digital data recording/reproduction method for
recording and reproducing digital data in units of clusters, each
cluster being the smallest unit of data recording on a disk
recording medium. This method comprises: a first step of
constructing a file structure in which recordable clusters are
connected, on the disk recording medium; a second step of
recording digital data from the head of the recordable clusters;
and a third step of constituting, as a recorded file, the digital
data from a recording head cluster to a recording end cluster.

Therefore, even if an abend such as a power failure occurs
during recording of digital data, the area where the digital data
is recorded exists as a part of file when power is restored, and
the data which has been recorded from the start of recording to
the abend can be reproduced after recovery from the abend. As a
result, destruction of file and loss of data, which are attendant
on an abend, can be avoided inexpensively.

According to Claim 2 of the present invention, the digital
data recording/reproduction method defined in Claim 1 further
comprises the steps of: when an abend occurs during data
recording in the second step, detecting the abend of data
recording after recovery from the abend; and constituting, as a
recorded file, the digital data which has been recorded from the

start of data recording to the abend, on the basis of format
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recorded from the start of recording to the abend can be

0

reproduced when power is restored and, furthermore, the

recordable area can be restored as a recorded file identical to a
file obtained when data recording is normally ended. As a result,
destruction of file and loss of data, which are attendant on an
abend, can be avoided inexpensively.

According to Claim 3 of the present invention, in the
digital data recording/reproduction method defined in Claim 2,
the format information of the digital data is a sync byte of a
transport packet.

Therefore, even if an abend such as a power failure occurs
during recording of digital data, the digital data which has been
recorded from the start of recording to the abend can be
reproduced upon restoration of power and, furthermore, the
recordable area can be restored as a recorded file identical to a
file obtained when data recording is normally ended. As a result,
destruction of file and loss of data, which are attendant on an
abend, can be avoided inexpensively.

According to Claim 4 of the present invention, in the
digital data recording/reproduction method defined in Claim 2,
the format information of the digital data is time information.

Therefore, even if an abend such as a power failure occurs
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file obtained when data recording is normally ended. As a result,
destruction of file and loss of data, which are attendant on an
abend, can be avoided inexpensively.

According to Claim 5 of the present invention, there is
provided a digital data recording/reproduction method for
recording and reproducing digital data in units of clusters, each
ciuster being the smallest unit of data recording on a digital
recording medium. This method comprises the steps of: recording
digital data in the clusters, with a file identifier and cluster
connection information being added to the digital data; when an
abend occurs during data recording, detecting the abend of data
recording after recovery from the abend; and restoring the
cluster connection information on the basis of the file
identifier and the cluster connection information which are
recorded in the clusters.

Therefore, even if an abend occurs during recording of
digital data, the file allocation table of the data file which
has been recorded from the start of recording to the abend can be
restored when power is restored, whereby the reproducible area
can be restored in a file format. Accordingly, destruction of

file and loss of data, which are attendant on an abend, can be
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process resour ces. The processi ng
avoided inexpensively.

According to Claim 6 of the present invention, there is
provided a digital data recording/reproduction apparatus
comprising: a disk recording medium in which digital data is
stored in units of clusters, each cluster being the smallest unit
of data recording; and a file structure management unit for
storing the digital data in the disk recording medium or reading
the digital data from the disk recording medium. The disk
recording medium has a file structure in which all of clusters
are connected in advance.

Therefore, even if an abend such as a power failure occurs
during recording of digital data, the area where the digital data
is recorded exists as a part of a file when power is restored and,
therefore, the data which has been recorded from the start of
recording to the abend can be reproduced after recovery from the
abend. As a result, destruction of file and loss of data, which
are attendant on an abend, can be avoided inexpensively.

According to Claim 7 of the present invention, in the
digital data recording/reproduction apparatus defined in Claim 6,
the file structure management unit has a file recovery unit, and
when an abend occurs during recording of digital data, the file
recovery unit constitutes, as recorded data, the digital data
which has been recorded from the start of data recording to the
abend, on the basis of format information of the digital data,

after recovery from the abend.
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process resource representations are distributed o
system processors by neans of distribution units, each distribution

unit formng a group of process instances. The distribution units
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qf differﬁiEOEAQ%ﬁi %%e%ﬁ%ggrggtrestored as a recorded file identical to a
file obtained when data recording is normally ended. As a result,
destruction of file and loss of data, which are attendant on an
abend, can be avoided inexpensively.
According to Claim 8 of the present invention, in the
digital data recording/reproduction apparatus defined in Claim 7,
the format information is a sync byté of a transport packet.
Therefore, even if an abend such as a power failure occurs
during recording of digital data, the digital data which has been
recorded from the start of recording to the abend can be
reproduced upon restoration of power and, furthermore, the
recordable area can be restored as a recorded file identical to a
file obtained when data recording is normally ended. As a result,
destruction of file and loss of data, which are attendant on an
abend, can be avoided inexpensively.
According to Claim 9 of the present invention, in the
digital data recording/reproduction apparatus defined in Claim 7,
the format information is time information.
Therefore, even if an abend such as a power failure occurs

during recording of digital data, the digital data which has been

recorded from the start of recording to the abend can be
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abend, can be avoided inexpensively.

According to Claim 10 of the present invention, a digital
data recording/reproduction apparatus comprising: a disk
recording medium in which digital data is stored in units of
clusters, each cluster being the smallest unit of data recording;
and a file structure management unit for storing digital data in
the clusters of the disk recording medium, with a file identifier
and cluster connection information being added to the clusters,
or reading the digital data from the disk recording medium. The
file structure management unit has a file recovery unit, and when
an abend occurs during recording of digital data, the file
recovery unit constitutes, as recorded data, the digital data
which has been recorded from the start of data recording to the
abend, on the basis of the file identifier and the cluster
connection information which are recorded in the clusters, after
recovery from the abend.

Therefore, even if an abend occurs during recording of
digital data, the file allocation table of the data file which
has been recorded from the start of recording to the abend can be
restored when power is restored, whereby the reproducible area

can be restored in a file format. Accordingly, destruction of

e e o YA AT © et

THIS SHEET HAS BEEN
REPLACED




WO 96/ 18145 _ _ PCT/ SE95/ 01481
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type. There can also be process types hagi ng i nstances | y a
key, there being one |ogical process instance for ea M:!Emr
Different process types are able to have 5 different types [

respective key, and thus have a di fferent nunber of |ogical process
i nstances. Process types havi ng i nstances installed by software in the

fg;tetehme'rt%ﬁ'fé .and los&@Brhayead fRiabase liteeldahypenden ebvoed, otasdey

avoided inexpensively.

According to Claim 11 of the present invention, the digital
data recording/reproduction apparatus defined in any of Claims 7
to 10 further comprises: a digital broadcast receiver for
receiving a digital broadcast; and a controller for controlling
the file structure management unit, according to accounting
information which indicates whether the received digital
broadcast is a fee-charged one or not. When an abend of data
recording occurs during reception of a fee-charged digital
broadcast, the controller discards the recorded data after
recovery from the abend so that accounting is not performed on
the digital broadcast.

Therefore, even when an abend such as a power failure occurs
during data recording, the file until interruption due to the
abend can be restored if the digital broadcast is free of charge.
Further, when the digital broadcast whose recording is
interrupted due to the abend is a fee-charge one, no accounting
is performed on this broadcast by discarding the data which has
been recorded until the interruption. In this way, appropriate
accounting for the user is carried out.

According to Claim 12 of the present invention, a digital
data recording/reproduction apparatus for recording and
reproducing digital data, comprises: a plurality of disk storage

units in which digital data are recorded; and a file structure
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an abend such as a power failure occurs during recording of

digital data, the data which has been recorded from the start of

recording to the abend can be read in a normal file format when

power is restored. Accordingly, destruction of file and loss of

data, which are attendant on an abend, can be avoided

inexpensively.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating the structure of a
digital data recording/reproduction apparatus according to a
first embodiment of the present invention.

Figure 2(a) 1s a diagram illustrating a file structure of a
disk recording medium when no data is recorded in it, according
to the first embodiment of the invention.

Figure 2(b) is a diagram illustrating the file structure of
the disk recording medium when data is being recorded in it,
according to the first embodiment of the invention.

Figure 2(c) is a diagram illustrating the file structure of
the disk recording medium when data recording is ended, according
to the first embodiment of the invention.

Figure 3 is a flowchart illustrating a digital data
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Figure 4 is a block diagram illustrating the structure of a
digital data recording/reproduction apparatus according to a
second embodiment of the invention,

Figure 5 is a diagram illustrating the structure of a
transport packet according to the second embodiment of the
invention.

Figure 6 is a flow chart illustrating the file recovery
process upon restoration of power, according to the second
embodiment of the invention.

Figure 7 is a diagram for explaining the data format of PES
data according to a third embodiment of the invention.

Figure 8 is a flowchart illustrating the file recovery
process upon restoration of power according to the third
embodiment of the invention.

Figure 9 is a diagram illustrating a file structure of a
disk recording medium according to a fourth embodiment of the
invention.

Figure 10 is a diagram illustrating the data structure of a
cluster according to the fourth embodiment of the invention.

Figure 1l(a) is a diagram illustrating the file structure
when an abend such as a power failure occurs, according to the
fourth embodiment of the invention.

Figure 11(b) is a diagram illustrating the state of the



6 .type, one distribution unit may be replicated on several
processors. Several process types can also be allowed to share
t he sanme distribution unit type, pmovided that such types are of a
5 certain comon kind. Such kinds conprise a central, static and

uni que process type, a keyed, dynam c and uni que process type, a
central, static and replicated process type, a central, dynam ¢ and
replicated process type, and an installed, static and uni que process

type. 10 cluster AhdnNSindReendf shEe ¥§Y£Cbovihmaffﬂ1&u&%d odaugEe Qt@@ﬁ@ﬁn@ ype
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Figure 12 is a flowchart illustrating the file recovery
process upon restoration of power, according to the fourth
embodiment of the invention.

Figure 13(a) is a diagram illustrating the structure of a
digital data recording/reproduction apparatus according to a
fifth embodiment of the invention.

Figure 13(b) is a diagram illustrating fee-charged broadcast
accounting information according to the fifth embodiment of the
invention.

Figure 14 is a flowchart illustrating the process of
controlling digital data recording/reproduction according to the
fifth embodiment of the invention.

Figure 15 is a block diagram illustrating the structure of a
digital data recording/reproduction apparatus according to a
sixth embodiment of the invention.

Figure 16 is a diagram illustrating the structure of the
conventional UPS system.

Figure 17 is a diagram illustrating the conventional file

structure.

BEST MODE TQO EXECUTE THE INVENTION
Embodiment 1.

Hereinafter, a method and an apparatus for recording/



I nstance to execute on a sane processor holding a primary 15 replica of

such a dat abase object with the correspondi ng key. Bri ef
Description of the Draw ngs. goodi ments of the invention wll
now be described bel ow with reference to the acconpanying draw ngs on
whi ch 20 Fig. 1 schematically illustrates a teleconmmunication

net wor K, Fig. 2 is a view schematically illustrating the software
structure of a network element, e.g. of the kind shown in Fig. 1. 25
Fig. 31s d&ﬁ%fﬁ. %g%%k%ﬁlh&tbl5855£§#ﬂ§Wk5rEEfyf%%p%%b%dlment0$fat&@ntr0|
systen1p| ormin I'n the networ enment according to Fig. 2
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view of adP§%¥§6§ elfﬁ“%ﬁé digital data recording/reproduction method
according to this first embodiment, a recordable area in which
recordable clusters are connected is constructed on a disk
recording medium in advance of recording, and digital data from a
recording head cluster to a recording end cluster are constructed
as a recorded file when recording is ended.

Figure 1 is a block diagram illustrating the structure of a
digital data recording/reproduction apparatus 20 according to the
first embodiment of the present invention.

The digital data recording/reproduction apparatus 20
comprises a data I/O unit 21, a file structure management unit 22,
and a disk recording medium 23.

When receiving data, the data I/O unit 21 receives digital
data from an externally-connected digital data input device, and
outputs the digital data to the file structure management unit 22.
When reproducing data, the data I/O unit 21 receives digital data
from the file structure management unit 22, and outputs the
digital data to an externally—conneéted digital data reproduction
device.

The file structure management unit 22 manages the file
structure of the disk recording medium 23, and records the
digital data in the disk recording medium 23 when receiving the

data, and reads the digital data from the disk recording medium



Fig. 10 is a schematic managenent view of the network el enment

according to Fig. 9, Fig. 11 is a schematic resource view of the
net wor k el ement according to Fig. 97 35 Fig. 12 schematically
illustrates distribution of process i nstances i ntended for execution
on control processors included in the network el ement according to
Fig. 9, WD 96/ 18145
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23 when outputting the data.

The disk recording medium 23 is a disk type recording medium
in which digital data is stored.

Figures 2(a) to 2(c) are diagrams illustrating the file
structure of the disk recording medium 23.

In figures 2{(a) to 2(c), the file structure of the disk
recording medium 23 is composed of a root directory 101, a file
allocation table 102, and clusters 103.

The root director 101 holds the head cluster number of the
recordable area, the title of a data file recorded, and the head
luster number where the data of the data file is stored. The
file allocation table 102 manages the connection of the clusters
103 in the data file by storing, in the position of the current
cluster number, a cluster number which follows the current
cluster number. Each cluster 103 is the smallest access unit of
the disk recording medium 23, and continuous numbers are assigned
as logical block addresses to the respective clusters 103. The
digital data of the data file is stored in the clusters 103.

Figure 2(a) éhows the file structure when data is not
recorded yet.

With reference to figure 2(a), in the root directory 101, no
recorded data file exists, and "Free Area" indicating a
recordable area exists. The Free Area starts from the cluster
number 0002. In the file allocation table 102, FFFF means that

no cluster follows the current cluster, i.e., it means the final



Figs. 13 and 14 illustrate addressing of a process I nstance in a
cont'rol processor froma process instance | ocated I n anot her control
processor, Fig. 13 being a scﬂgnatic vi ew of three processors
with 5 distribution units included therein, and Fig. 14 being
a flowchart illustrating a search course. Det ai | ed Description
of Enbodi nents. Fig. 1 schematically illustrates a tel ecom
network 10 according to a basic TMN scenari o. The network, indicated at
102, com%f§§%ég network el ements 104 that cooperate to provide

network users wi'th network services. The many different services

Supported by arRelyer ki ol AlBilocds LRefikes 44 UL recordBl SBE, T eALI zod by

software, whic ored ana processeée conmput er system wi thin the

networ k %%ﬁg?%@;g}g§&§3”93g§§r§§ tfgnconsti%Egggssugﬁt@hafe%ﬁ%%?gee1ﬂ}ea

net wor k

is constituted by all clusters connected successively, starting
from the cluster number 0002.

Next, the data recording operation will be described with
reference to figures 1, 2(a)-2(c), and 3.

Figqure 3 is a flowchart illustrating the digital data
recording/reproduction method.

Initially, when the disk recording medium 23 is formatted or
before recording is started, the file structure management unit
22 constructs the recording area of the disk recording medium 23
such that the recording area has a file structure in which all of
the cluster numbers are continuous as shown in figure 2(a) (step
S31). After constructing the file structure, data recording is
started.

Digital data is supplied from an externally-connected
digital data input device (not shown) to the data I/O unit 21.
The data I/O unit 21 outputs the digital data to the file
structure management unit 22.

Figure 2(b) shows the file structure when data recording is
started.

In figure 2(b), when data recording is started, the file
structure management unit 22 copies the head cluster number

assigned to the Free Area of the root directory 101, in the head



services, interacts/communicates wth customer prem ses equi pnent
I ndicat ed by ‘tel ephone subscri ber equi pnent at 106 and 108, and with
ot her network elenents, and controls loggl 20 transmi ssion and sw tching
har dwar e. Operations systens for the network are indicated at 110 and
112, as well as an operations system 114 for managenent of a | ocal
network el enent 116. Looking at the conputer systemfromthe view
of physi cal equi pnents, the conputer system hardware conprises mainly

a 25 nm%rtg(?cf n%%@&!”'sﬁaéégé“"éfe% iJ¥ er earaeet ed epdacoopese idtdbres

processors and mass storage devices, divided between a nunber of

different. aqui,pnRNL +335CPRLL Sfhere is no AWELERMRYSELs SOMIP! |80 st em has
exe g t 1

a control” program cat'ng on at 1 east one processor. Today a great

nunmber of,_ 30 requi ' h ; j
ront | oned St C R A BIRELE: SHEAE TR A TSI FRRLAt g AR R
shoul d have eg%%ggféxghigh availability, and it should be easy to

upgr ade 1% f¢. A way of conplying with such requirenents is

to have it design | . .
Sgngg gﬁérké%géaf¥€%%ory 101 is altered, the construction of

the file allocation table 102 is altered such that the data file
Video shows the area where all of the clusters are connected
successively, starting from the cluster number 0002.

When recording data, digital data, such as video data, is
recorded from the head of the cluster 103 which is assigned to
the data file Video when starting recording (step S32).

Figure 2(c) shows the file structure when data recording is
ended.

With reference to figure 2(c), when data recording is ended,
the file structure management unit 22 stores FFFF indicating the
final cluster of the data file, in a position of the file
allocation table 102 corresponding to the most-recently recorded
cluster 103.

Then, in the root directory 101, a cluster number following
the most-recently recorded cluster 103 (in this case, 2000) is
stored in the head cluster number storage area of the data in the
Free Area indicating the recordable area.

Thereby, an area starting from the head cluster assigned to
the Free Area indicating the recordable area is used when the

next data file is recorded. In this way, the digital data from



35 architecture, where applications are programed on a control

system platform which is supposed to care for nost common | ssues,
| eaving only the problens of the applicati on domain to WO

96/ 18145 PCT/ SE95/ 01481

8 t he application programrers. In such an architecture,
application prograns, and nuch of t he operating system software as
wel |, consist of code executed

the recording head cluster to the recording end cluster are
constituted as a recorded file (step S33).

If an abend such as a power failure occurs during data
recording in the above-described file structure (e.g., if an
abend occurs when the cluster number 1FFF is being written), the
file structure is in the state of figure 2(b), and the data file
is in the state where the already recorded clusters from the
cluster number 0002 to the cluster number 1FFF are connected to
the unrecorded clusters 2000 and onward.

As described above, the method and apparatus for
recording/reproducing digitai data according to the first
embodiment use the disk recording medium 23 having the file
structure in which all of the clusters in the recordable area are
connected in advance, and include the file structure management
22 which stores, when recording is ended, an identifier
indicating the final cluster in the cluster where data has been
recorded most recently, and stores the cluster number following
the most-recently recorded cluster in the head cluster of the
recordable area. Therefore, even when an abend such as a power
failure occurs during recording of digital data, the area where
the digital data has been recorded exists as a part of the file
when power is restored, whereby the data which has been recorded
from the start of recording to the abend can be reproduced after
the apparatus is recovered from the abend.

While in this first embodiment FFFF is used as an identifier



in processes, interacting with each other, with the control 5 system

and with the world outside the systenlthrough har dwar e devices. This
is generally illustrated in Fig. 2 which,is a | ogi cal view of the
sof tware execution environnment in a network el ement 202. The network
el ement 202 is shown to receive |ines 204, e.g. subscriber lines,
ending in incomng hardware devices 10 206, e.g. in the formof |ine
circuits for connection of the subscriber | i nes. Qutgoi ng hardware

devi ces ar J « t
transn1sngﬁ' qhh%éﬁ%a% no Fgcégg ﬁ%&%%%%g'I§225ﬁ§gggh§?é@?he hardagre

d 208, . At 2
et vor k i 248 150 15 o & oaeen oRPERCd by “dashed

| i nes. ‘%Ek %% is shown to include a control system pl at f orm
|nd|cate TRP 216, and nutually |nteract|ng processes,

I ndi cated at 218, 220 be i magi ned t hat
t he process 21§358ﬁ{1?8€§r0n% I?ﬁtlﬁ?g alrﬁié’nZBPPaE?ﬁ%ﬁﬁ 206, indicated by

arrow 224, and the, proc 222
|nd|catedr%ﬁp JJ ogizlng dlgltaf £§££”§%é§¥%f%% Ehe Ilge CIrCUItS 208,

embodiment of the present invention will be described with
reference to the drawings.

In the digital data recording/reproduction method according
to this second embodiment, the procedure according to the first
embodiment further includes a step of checking whether there is
any dropout of synchronous byte in the cluster data to obtain the
head cluster number of the interrupted file.

The file structure of the disk recording medium according to
this second embodiment is identical to that of the first
embodiment shown in figures 2(a) to 2(c).- In this second
embodiment, FFFF, which is stored in the head cluster number
storage area of the Free Area indicating the recordable area in
figure 2(b), indicates that data recording is continued.

Figure 4 is a block diagram illustrating the structure of a
digital data recording/reproduction apparatus 24 according to the
second embodiment.

The digital data recording/reproduction apparatus 24
comprises a data I/0 unit 21, a file structure management unit 25,
and a disk recording medium 23. The file structure management

unit 25 further includes a file recovery unit 26. The



The process 220 controls, indicated by arrow 228 pointing to t he
swtch 212, through-connection between these two |ine circuits. 25
Wth reference to Fig. 3, the control sggstem platform 214 can be
conposed of a nunmber of control processors 302, provi di ng
execution and nenory resources, and operating system sof tware 304,
whi ch manages the resources provided by the processors 302 and

i npl ements the abstractions provided by the 30 control system At 306

pr ocesses-@f& jithidingat ﬁﬁdaéﬁéﬁéﬂgo@s othe RN th8S@UIECstructure

Henceforth bel ow, when talking about an operating system - this will
refer 1o b LREI %Y obemal chborkidddiidiesdt 8itn26 are gendiand vy ||
be referred to as "operation systemin ques- 3 tion". A process can

be of a spaaid iaﬁ%ﬁﬁége\%\gg?ﬁgﬂ B8 the AiNSIAREBoREmbLE PA@COSTede ke, The

process type deter unction the process has, processes of
d'fferentdé3ﬂg%5f¥ﬁuire repeated description.

The file structure management unit 25 manages the file
structure of the disk recording medium 23, and records digital
data in the disk recording medium 23 when receiving the data, and
reads the digital data from the disk recording medium 23 when
outputting the data.

In the case where an abend such as a power failure occurs
during recording of digital data, the file recovery unit 26
performs recovery, upon restoratioﬁ of power, such that the data
which have been recorded from the start of recording to the abend
are constituted as one recorded file like in the case where
recording is normally ended.

Figure 5 is a diagram illustrating the structure of a
transport packet which is a data format of digital broadcasting.

In figure 5, the transport packet is composed of a transport
header 201 as header information, and a payload 202 as actual
data of the digital data. The transport packet has a fixed
length. A sync byte 203 for making synchronization exists at the
beginning of the transport header 201. A digital broadcast is
constituted by repetition of this transport packet.

Next, a description will be given of the file recovery

process upon restoration of power, in the case where an abend
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9 different things, while instances of the sane type do the sane
thing but operate on different data or g different hardware units.
Process instances can be characterized as logical or 5 physical process
I nstances in order to describe different aspect of the process
concept. A logical process instance is related to a specific entity
outside the processes itself e.qg. a "function", aline circuit, a

subscri bef, &t s A BBYeECRhkilure occurs during recording of data in the
disk recording medium 23 having the file structure shown in
figures 2(a) to 2(c).

Figure 6 is a flowchart illustrating the file recovery
process upon restoration of power. This process is performed by
the file recovery unit 26 unless otherwise specified.

Initially, in step S301, it is decided whether data
recording is interrupted or not, by checking the root directory
101 of figure 2(b) as to whether the head cluster number assigned
to the Free Area indicating the recordable area is FFEF
indicating that recordiﬁg is continued. When recording is not
interrupted, i.e., when the head cluster number assigned to the
Free Area is not FFFF, the power restoration process is ended.
When recording is interrupted, i.e., when the head cluster number
assigned to the Free Area is FFFF, the operation proceeds to step
S302 to continue the power restoration process.

'In step S302, the head cluster number of the recording-
interrupted file, whose connection on the file allocation table
102 is not concluded by the final cluster (FFFF), is obtained as
a current cluster from the root directory 101.

In step 8303, it is checked whether there is a dropout of
sync byte 203 in the current cluster. When there is a dropout of
sync byte 203, it is decided that recording is interrupted in the
current cluster, followed by step S304. When there is no dropout

of sync byte 203, it is decided that recording is not interrupted



process |nstance represents a | ogical instance, has a state in 10 nmenory

and execut es pr ogram code. The term "l ogi cal process instance" is
an abstract concept. The kind of Igg|cal process instances in a system
S determ ned by the process types existing in the system and

their properties, and by the configuration of the systemin 15 terms of
har dware devices. It is the question of a constant condi ti on,

regardl ess of the system s execution state. physi cal instance is a

"naterlalng%hto%u ?En@ Egggg ho?éifgwéa v SteBWE p@at physi cal instances

there are in a systemdepen Ioglcal I nstances there

are but also op_t ur. sptuati can be
di fferent f %ﬁl%(}%:i |%st%ﬁ£§n§é8?gg§ﬂt# 1% acf'reuﬁt é:I cal ht%li gtin(lzlél
h certai ertles
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In step S305, the cluster number following the current
cluster is obtained as a head free cluster from the file
allocation table 102.

In step S306, the head free cluster is stored in the head
cluster number storage area of the Free Area in the root
directory 101. Then, the power restoration process is ended.

In step 8307, it is checked whether there is a cluster
following the current cluster. When there is a cluster following
the current cluster, the operation proceeds to step S308. When
there is no cluster following the current cluster, it is decided
that recording has been performed up to the final cluster, and
the power restoration process is ended.

In step S308, the cluster number following the current
cluster is obtained from the file allocation table 102, and the
current cluster is'replaced with this cluster number to update
the current cluster. Then, the file recovery unit 26 returns to
step S303 to repeat the process of checking the sync byte 203.

Next, the file recovery process upon restoration of power
will be described using an example.

It is assumed that a power failure occurs during recording

of data in the cluster 103 having the cluster number 1FFF. In



physi cal instance for each |ogical instance. For dynamc processes the
control systemonly ensures that a physical I nstance i s created when
sone other process wants to 30 comunigate with it. Furt her nore,
a process type can be "central". For processes of-this central type
there is exactly one | ogical process instance for each such process
type. Anot her type of process has instances identified by a key.
35 For this process type there is one |ogical process instance for

Chor, LB R LA o s ka0g TR e thornent vigge:

96/ 18145 a dropout of sync byte 203, starting frdﬁpﬁﬁﬁg%ékgié§%ster number
of the recording-interrupted file, the file recovery unit 26
becomes incapable of detecting the sync byte 203 at the cluster
number 1FFF (step S303). So, FFFF indicating the final cluster
of the data file is stored in the position of the cluster number
1FFF on the file allocation table 102 (step S304). In the root
directory 101, the cluster number 2000 following the cluster
number 1FFF which has been recorded most recently is stored in
the head cluster number storage area of the Free Area indicating
the recordable area, instead of FFFF indicating that recording is
continued (step S306). Thereby, the recording-interrupted file
is restored to the file structure shown in figure 2(c) as in the
case where recording is normally ended.

As described above, in the method and apparatus for
recording/reproducing digital data according to the second
embodiment, recording of digital data is performed using the disk
recording medium 23 having the file structure in which all of the
clusters in the recordable area are connected in advance.
Therefore, even when an abend such as a power failure occurs
during recording of digital data, the data which has been
recorded from the start of recording to the abend can be
reproduced when power is restored. Further, by making good use
of the Free Area as the recordable area, the recordable area can

be restored to the same file format as that of a file for which



10 ~of logical process instances. For a kind of process type being
keyed and dynam c, there can also be "co-allocation" of data base and
process. The concept of "co-allocationg has the fol |l owi ng
background. 5 When a dat abase object is updated, the copies in al
replicas of sonme form of database object distribution unit cont ai ni ng
the instance nust be updated. This neans that I nformati on nust be
transferred to several control processors. If the process instance

perform ngd Q%It‘ép-‘i%tc%rﬁ&ﬁ%u&ﬁa BPotdigs 1 noalR 160pki-ebrRkgcessor as one of

the database distribution”unit replicas, thé information transfer is
hovever miniMgRfie in this seddnd BHEBAERSNLNS! BRGRshS-OMpaT Y Al process

type, and it equently up at abase obj ect 1nstance with the

same described as a digital data format for recording, the same
processing as described above can be performed on pack data by
utilizing a pack start code as a sync byte.

Further, while in this second embodiment the head cluster
number of the interrupted file is obtained by checking whether
there is a dropout of sync byte, it may be obtained on the basis
of other format information of digital data.

Embodiment 3.

Hereinafter; a method and an apparatus for
recording/reproducing digital data according to a third
empbodiment of the invention will be described with reference to
the drawings. 1In the digital data recording/reproduction method
according to this third embodiment, the step of checking whether
there is a dropout of sync byte in the cluster according to the
second embodiment is replaced with a step of checking whether
there is a dropout of marker bit or a decrease in PTS in the
cluster.

The file structure of the disk recording medium and the
digital data recording/reproduction apparatus according to this
third embodiment are shown in figures 2(a)-2(c) and figure 4,
respectively, that is, the file structure and the apparatus are
identical to those of the second embodiment, and therefore,

repeated description is not necessary. 1In this third embodiment,



primary key as the process instance, it can be forced to al ways 15

execute on the control processor that holds the primary replica by
referring to the same distribution unitgtype fromboth the process
type and the database object type. This co-allocation requi res that
the types share the sane key type, and that the process type is of the
keyed, dynam c kind. 20 Still another process type can have

i nstances related to dat abase objects. For a process type, the
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a decrease in PTS.

Figure 7 is a diagram for explaining a data format of PES
data which is obtained by collecting payload sections of
transport packets shown in figure 5.

The PES data is composed of a packet header 401 as an
information area of PES, and packet data 402 as actual data. The
packet header 401 includes a PTS 403 as time control information
for reproduced output data, and the PTS 403 increments in value
according to the data. The PTS 403 includes marker bits 404
which always take on "17".

Next, a description will be given of the file recovery
process upon restoration of power, in the case where an abend
such as a power failure occurs during data recording.

Figure 8 is a flowchart illustrating the file recovery
process upon restoration of power. In figure 8, steps 3501 and
S502 and steps S503 to $508 are identical to steps $301 and S302
and steps $S303 to S308 of the flowchart of the second embodiment
shown in figure 6, respectively, and therefore repeated
description is not necessary. Further, the process is performed

by the file recovery unit 26 unless otherwise specified.



uncoor di nat ed physical instances for each |ogical instance at t he sane

time. This property can only be conbined with the "central" property.
For a static such process type, it inplggs 35 t hat one physical instance
is created on each of a nunber of processors. For a dynam c such type,
it inplies that a new physi cal instance is created each tinme the
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In step S503, it is checked whether there is a dropout of
marker bit 404 or a decrease in PTS 403 in the current cluster.
When there is a dropoﬁt of marker bit 404 or a decrease in PTS
403, it is decided that recording is interrupted in the current
cluster, followed by step S504. When there is neither a dropout
of marker bit 404 nor a decrease in PTS 403, it is decided that
recording is not interrupted in the current cluster, followed by
step S507.

Next, the file recovery process upon restoration of power
will be described using an example.

It is assumed that a power failure occurs during recoraing
of data in the cluster 103 having the cluster number 1FFF. In
this case, when the file recovery unit 26 checks whether the PTS
403 is normal or not, starting from the head cluster number of
the recording-interrupted file, the file recovery unit 26 detects
that the PTS 403 is not normal at the cluster number 1FFF (step
S503). So, FFFF indicating the final cluster of the data file is
stored in the position of the cluster number 1FFF on the file
allocation table 102 (step S504). 1In the root directory 101, the
cluster number 2000 following the cluster number 1FFF which has
been recorded most recently is stored in the head cluster number
storage area of the Free Area indicating the recordable area,
instead of FFFF indicating that recording is continued (step
S506). Thereby, the recording-interrupted file is restored to

the file structure shown in figure 2(c¢) as in the case where



addr essed. Wien one process wants to invoke a renote operation on
anot her process, it addresses the other process, either by I denti fyi ng
a particular |ogical process instance opga 5 parti cul ar physical process
i nstance. To be able to identify a | ogical process instance, it
S necessary to know the process type and the difference between
different instances, a key value of sone type, or a reference to a

dat abase object. This is often not a problemas processes 10 of one type

are desi %g&lﬁgoqgeh@kﬁamyhemm,esses of a particul ar other type.
It is however also possible to identify an "unknown" | ogical instance

through & genard,GyR0iaeRbve, in tRStRAGRHJ domnt ia%bﬁ&:atﬁ@rfbﬁs'[ance by
retrieving such an identifier fromthe database. This identifier wll

then haverélt%rafei‘?ﬁyff@(piﬂohﬁﬁﬁfgomigﬂg@. Ue RicRcasaghayi fee kyedge of the

I nstance to 1dentlfy: I dentifying a physical process
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i dentifiers. ese
recording medium having the file structure in which all of the
clusters in the recordable area are connected in advance.
Therefore, even when an abend such as a power failure occurs
during recording of digital data, the data which has been
recorded from the start of recording to the abend can be
reproduced when power is restored. Moreover, by making good use
of the Free Areé as the recordable area, the recordable area can
be restored to the same file format as that of a file for which
the data-recording end process is normally performed.

While in this third embodiment a transport packet is
described as a digital data format for recording, the same
processing as described above can be performed on pack data by
utilizing a pack start code as a sync byte.

Further, while in the second and third embodiments FFFF is
employed as an identifier indicating that recording is continued,
any other value may be used as long as it is not used as a
cluster number.

Embodiment 4.

Hereinafter, a method and an apparatus for

recording/reproducing digital data according to a fourth

embodiment of the present invention will be described with



identifiers, or process instance references, are only valid 20 while the
physi cal instance exists, and can only be used by ot her processes if

t he physical instance itself makes the gg reference available, by storing
it in the database, or passing it to other processes through renote
oper ati ons. A "central" process instance, or one identified with
a 25 key, can be addressed froma process in another network

el enent, which nust then supply a network address identifying t he
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according to the file ID.

The digital data recording/reproduction apparatus according
to this fourth embodiment is identical to that according to the
second embodiment shown in figure 4.

Figure 9 is a diagram illustrating the file structure of a
disk recording medium 23 according to the fourth embodiment.

In figure 9, the recording area of the disk recording medium
23 is composed of a root directory 601, a file allocation table
602, and clusters 603. The root directory 601 holds the title of
a file stored in the disk recording medium 23, and the head
cluster number where data of this file is stored. The file
allocation table 602 manages the connection of the clusters 603
by storing, in the position of the current cluster number, a
cluster number which follows the current cluster number. Each
cluster 603 is the smallest access unit of the disk recording
medium 23, and continuous numbers are assigned as logical block
addresses to the respective clusters 603. The digital data of
the data file is stored in the clusters 603.

When recording data, the file name and the head cluster
number are entered in the root directory 601, and the data is

recorded in each cluster 603 while updating the connection
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types with a primary key: a distributiogqimt or a reference to a
distribution unit specification. - For an installed type; a
reference to a distribution unit specification. 5 Exanpl es of

process type specifications specifying three

information of the clusters 603 on the file allocation table 602.
In order to achieve high-speed disk access, writing of data in
the clusters 603 is executed while updating the connection
information of the clusters 603 in a memory {(not shown) possessed
by the file structure management unit 25, and when the data
writing is ended, i.e., when the file is closed, the cluster
connection information stored in the memory is written in the
file allocation table 602 of the disk recording medium 23.

Next, the data structure of the cluster 603 will be
described with reference to figure 10.

Figure 10 is a diagram illustrating the data stfucture of
the cluster 603.

In figure 10, one cluster 603 is composed of recording
information 701 where information at recording of digital data is
stored, and digital data 702 as actual data. The recording
information 701 is composed of a file ID 703 for identifying a
data file, and a connecting cluster number 704 where a cluster
number following this cluster is stored. This fourth embodiment
employs, as the file ID 703, the recording start time (year,
month, hour, minute, second) represented by ASCII code.

Figure 11l(a) shows the state of the file structure in the
case where an abend such as a power failure occurs when a data
file Videol is being recorded in the cluster 603 of the cluster
number 0004, i.e., before updation of the file allocation table

602.



di fferent process types are given bel ow. PROCESS TYPE

ResourceHandl er 1S STATI C; END PROCESS TYPE

Resour ceHandl er; 10 PROCESS TY¥BE TrafficControl IS

DYNAM C; PRI MARY KEY key: Subscri ber Nunber;

DI STRIBUTION LIMT 1000; 15 END PROCESS TYPE TrafficControl;

PROCESS TYPE LI CHandler 1S STATI C; PRI MARY KEY key:
REFERENCE TO LI C Data; 20 DI STRI BUTED AS LI C Board; END
PROCESS TYPE Lif togetr€ril(a), althoubhPBMSi £8bt PIOEESSHIIS0ANGRgaLWBY S
execut es on one, and only one processor. Wien an instance is to be

created, diRster 803 are in their normal states, the file allocation table
802 lacks cluster connection information.

Figure 11(b) shows the state of the cluster 803 in the case
where recording is interrupted.

In figure 11(b}, the same recording start time is stored in
the file IDs 804 of the clusters in which the digital data 806 of
the data file Videol is written, and the cluster connection
information is stored in the connecting cluster numbers 805. The
reason why the connecting cluster number 805 of cluster 4 is
"undefined" is because an abnormal cluster number, e.g., cluster
number 1000, is stored in the connecting cluster number 805,

Next, the file recovery process upon restoration of power
will be described with reference to figure 12.

Figure 12 is a flowchart illustrating the file recovery
process upon restoration of power. This process is performed by
the file recovery unit 26 unless otherwise specified.

Initially, in step S901, it is decided whether recording is
interrupted or not, by checking the cluster connection
information on the file allocation table 802 starting from the
head cluster number of the data file Videol in the root directory
801 shown in figure 1l(a). When recording is not interrupted,
i.e., when the cluster connection on the file allocation table
802 is in the normal state, the power restoration process is

ended. On the other hand, when recording is interrupted, the



control system nust deci de on what processor the instance is to 25 be
created, in such a way that the processors are evenly utilized. The
control system nust al so keep track of ghe created instances to direct
renote operations etc. to the proper process instance. Doing this on a
process by process basis woul d be inpossible, there are just too many
I nstances. 30 The above problemis solved by neans of distribution
units, which are used to keep a group of process instances t oget her on

t he sanecﬂﬁg@@&@grprsbgéasbgélgﬁbpngggy group both | ogi cal and physi cal
process instances. They group | ogi cal I nstances because the

relation betweenstdMHAIICeThedMdadSc1db8bE i RIHHON dMiths ﬁe%o%@hgssed in
terms of the |ogical i nstances, but they al so group physi cal

i nst ances r1eeaupecWhatle is éﬁ%éﬁﬂéd’é%a%P%ﬂ§r@ﬁ€”c§th§frffﬁﬁ'fﬁbLEHét s

allocated to a processor is that all physical process instances

rel at ed tcﬁrre'&%ory 80@ &ﬁabf:'ﬁ%]e 3k 'ItD85E3r4eo‘3:'r %ﬁ%eﬂg&@ & té’@rfé%{%s de (?

processor. way t ation between distribution un
process %%S%@Q%%&ekst%Qrf§§ed depends on the properties of the

In step 8903, the connecting cluster number 805 of the
current cluster 803 is obtained as a next cluster.

In step S904, when the file ID 804 of the next cluster is
different from the target file ID, it is decided that recording
is interrupted in the current cluster, followed by step S905. On
the other hand, when the file ID804 of the next cluster is
identical to the target file ID, it is decided that data
recording is not interrupted in the current cluster, followed by
step S906.

In step S905, FFFF indicating the final cluster is stored in
the position of the cluster number corresponding to the current
cluster on the file allocation table 802. Then, the power
restoration process is ended.

In step S906, the number of the next cluster is stored in
the position of the current cluster on the file allocation table
802 to restore the cluster connection, and the current cluster is
updated to the value of the next cluster, followed by step S903.
Thereafter, check of the file ID 804 (steps S$S903 and S904) is
repeated.

Next, the file recovery process upon restoration of power
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central process type it is trivial. Themg is only one | ogi cal

i nstance, so there can only be one distribution unit. - For
a process type the instances of which are identified 5 by a key, the
nunber of distribution units nust be specified as a constant together

with the process specification, and the
will be described using an example.

It is assumed that a power failure occurs during recording of
data in the cluster 803 having the cluster number 0004. In this
case, when the file recovery unit 26 checks whether the current
cluster and the next cluster have the same file ID, starting from
the head cluster 0002 of the data file Videol, the file recovery
unit 26 detects that the current cluster and the next cluster
have different file IDs when the current cluster has the cluster
number 0004 (step S904). So, FFFF indicating the final cluster
of the data file is stored in the position of the cluster number
0004 on the file allocation table 802 (step S905). Thereby, the
data file Videol is restored to a recorded file shown in figure 9
as in the case where recording is normally ended.

As described above, in the method and apparatus for
recording/reproducing digital data according to the fourth
embodiment, since the file ID for identifying the data file and
the connecting cluster number indicating the cluster connection
are stored in each cluster, even when an abend occurs during
recording of digital data, the file allocation table 602 of the
data file which has been recorded from the start of recording to
the abend can be restored when power is restored, whereby the
reproducible part can be restored in a file format.

While in this fourth embodiment the recording start time
(year, month, hour, minute, second) is used as a file ID, a

counter having no repeatability may be used.



relation is expressed as a programed al gorithm mappi ng each key val ue
onto one of the distribution units. - For a process type where
the instances are installed, 10 distriggution units are installed as well,
and the rel ationship bet ween process instances and distribution unit

I nstances are set up during installation. Whet her
distribution units are replicated or not on several processors,
depends on the property of the processes 15 t hey group. For unique

processes, a dighthbu! 'x&‘.i‘:.l’é”in't”}u@ sf‘2>urth chiBbauRbN: GOPCH &fhed @s @

single processor, replicated process type, one
di stri buwﬁw&ntdtl@h%g that Eﬁ@' EER o) QILAAVE 3apRE0BBESRAS: no An
application rating system in question 20 consists of a

nunber of ?ﬁso&e{ aédn%%c%&%ﬁeiﬁ%érﬁmgg%or?x%ﬁ} ©ther va248: mi§VBeaustatLsin

menory of processes and store persistently in the database. A

D e o AHEIE ISR g s 800 GO0 uiiicessir o0y, bUL L can
on which they Further, while in the first to fourth embodiments the
recordable area is described as all of the clusters, the
recordable area may be assigned to some of the clusters while
using the remaining clusters as a recording area for computer
data.

Further, while in the first to fourth embodiments FFFF is
used-as an identifier indicating that the current cluster is the
final cluster followed by no cluster, any other value may be used
as long as it is not used as a cluster number.

Embodiment 5.

Hereinafter, a digital data recording/reproduction apparatus
according to a fifth embodiment of the present invention will be
described with reference to the drawings.

The digital data recording/reproduction apparatus according
to this fifth embodiment can deal with an abend such as a power
failure which occurs during recording of a fee-charged broadcast,
using the digital data recording/reproduction method according to
any of the second to fourth embodiments.

Figure 13(a) is a diagram illustrating the structure of the
digital data recording/reproduction apparatus according to the

fifth embodiment.



25  execute. To attain functionality, the designer of an
application on the operating systemin question does not need to think
about any distribution aspects othgg than physical limtations when
har dwar e devi ces, including device processors, are to be 30 oper at ed
upon. Conmuni cati on between processes is handl ed transparently by
the operating systemin question. The application designer has to
consi der the hardware distribution in order to attain good

characteri sti cg;i tROtdedifke to ﬂ%ﬁkgnn@gapr%%ﬁfﬂw W% and database
usage, and when 35 giving directions network engi neer

di f
(r)ﬁgar i n%()eﬁorrgllﬁg'? gég&g@foﬂ aéé‘éarrastﬁist V& rlgggpgréib%ap%ﬂ@@dbgwct i ons

In diftferent sub I's of Course nore
receiver 1001, a decoder 1002, a digital data

recording/reproduction controller 1003, a disk storage unit 1005,
and a data destination switch 1006. The digital data
recording/reproduction controller 1003 comprises a data I/0 unit
21, a file structure management unit 25, and a controller 27.
Further, the file structure management unit 25 is provided with a
file recovery unit 26. The data I/O unit 21, the file structure
management unit 25, and the file recovery unit 26 operate in the
same way as described for any of the second to fourth embodiments
and, therefore, repeated description is not necessary.

The digital broadcast receiver 1001 receives a digital
broadcast 102, extracts copy protection information, and performs
demultiplexing to extract a program designated by the user.
Further, the receiver 1001 performs descrambling on the basis of
the copy protection information if necessary, and extracts
digital data 10B. The digital data 10B of the program extracted

by the digital broadcast receiver 1001 is output to the digital
data recording/reproduction controller 1003.

The decocder 1002 receives the digital data lOB from the
digital data recording/reproduction controller 1003, decodes the
digital data 10B to convert it to analog data, and outputs video
and audio.

The controller 27 of the digital recording/reproduction
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14 costly and takes longer tine than cooperation within the subnet
or within a control processor, as informgtion nust be passed over
several conmunication channel s. The operating systemin question
I npl ements the distribu- 5 tion transparency referred to above by
know ng on which control processor to find process instances, and,

hi dden fromthe application prograns, directing inter-process

communi catdriircdnédr 1003dababage apesaitians inFotrRataBAr 0PDi 2 €a GRAY e
processors. As indicated above, if the operating systemin

questi on ddrd 1M .t O Wl ainley d&Qapdééafﬂsaﬁoer&cﬁvqwesaasign&f.@@e&ﬂy
i nst ance was aIIocated there would be a | ot of overhead. The

reproduction or both of reproduction and recording, the

controller 27 instructs the file structure management unit 25 to
output the digital data 10B to the decoder 1002. When the data
destination switch 1006 designates only recording or both of
reproduction and recording, the controller 27 instructs the file
structure management unit 25 to record the digital data 10B in
the disk storage unit 1005 by a digital data recording/
reproduction method according to any of the second to fourth
embodiments.

When the file recovery unit 26 detects that data recording
i1s abnormally ended due to a power failure or the like after
power-ON, the controller 27 instructs the file structure
management unit 25 to delete the file which has been recorded in
the disk storage unit 1005 until the abend, and deletes the
program from the fee-charged broadcast accounting information 10D.

The accounting information 10D is recorded in the master
card 1004.

In the disk storage unit 1005, the digital data 10B is
recorded in a file format according to any of the second to
fourth embodiments.

When the user designates, as the destination of the received
data, one of the following application modes: only reproduction,

only recording, and both of reproduction and recording, the data



overhead is | owered through the distribution unit concept descri bed
above. The advantage with this approach is that the operating system
in question only needs to keep track of ;izthe 15 significantly fewer
di stribution units. A distribution unit is of a specific
di stribution unit type. A distribution unit type describes the common
properties of the distribution units of that type, nanely the types of
process instances and co-allocated data base object instances, 20 i f any,
it groups : [ C C |.SIJ CS,. sl ; xact

0 fd%%nfal‘l{)l%‘ﬁ %m%cht 2@% ? %\ﬁ%@t{éy;az stlﬁgxtaﬁoﬁbc des:.?ﬁ?@fné he,&

nunber uti1 on uni exi s n a system
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syStem s “confTgured 0 ocating a
distribution unit t to a distribution pool of control processors.
The distr% ﬁé%}ﬁﬁbgﬁﬁﬁs a theoretically arbitrary grouping of control

B ocessors. TNk Sure 13 (B £ SMANICE 8T OISl PO 0
pool's. accounting information recorded in the master card 1004.

In figure 13(b), the accounting information format is
composed of a charge-for-broadcast 1007 indicating the charge per
view, a view mode 1008 for identifying whether the broadcast is
reproduced or recorded when being viewed, and a program file 1009
indicating the name of a file when the received broadcast is
récorded in the disk storage unit 1005.

Next, the operation of the digital data recording/
reproduction apparatus will be described.

First of all, a description will be given of the case where
the received digital broadcast 10A is reproduced or recorded.

Before receiving the broadcast, the user of the digital data
recording/reproduction apparatus selects a data output mode, i.e.,
one of "both of reproduction and recording", "only reproduction”,
and "only recording”, and sets it in the data destination switch
1006.

The digital broadcast transmitted from the broadcast station
is input to the digital broadcast receiver 1001. The digital
broadcast receiver 1001 takes the copy protection information out
of the digital broadcast, and performs demultiplexing to extract

the program designated by the user. Further, the receiver 1001



30 . For each distribution wunit type there should be a
correspondi ng specification, in which the properties of the

di stribution unit type should be specifigd in the same design | anguage
as for the process type specification. ?his specifi - cation should
specify: 35 - The nane of the type. - The type of process
I nst ances. - The type of co-allocated database object instances.
WD 96/ 18145 PCT/ SE95/ 01481

performs descrambling on the basis of the copy protection
information if required, extracts the digital data 10B, and
outputs it to the digital data recording/reproduction controller
1003.

The digital data recording/reproduction controller 1003
records the accounting information 10D in the master card 1004.
When the designation of the data destination switch 1006 includes
reproduction, the controller 1003 outputs the digital data 10B to
the decoder 1002. When the designation of the data destination
switch 1006 includes recording, the controller 1003 stores the
digital data 10B in the disk storage unit 1005.

When the digital data 10B is output to the decoder 1002, the
decoder 1002 decodes the digital data 10B to convert it to analog
data, and outputs video and audio.

Recording of the digital data 10B in the disk storage unit
1005 is performed using a digital data recording/reproduction
method according to any of the first to fourth embodiments.

Next, a description will be given of the operation for
reproducing the data recorded in the disk storage unit 1005.

When reproducing the data from the disk storage unit 1005,
the digital data recording/reproduction controller 1003 reads the
digital data 10B from the disk storage unit 1005, and transmits
it to the decoder 1002, whereby analog data is reproduced.

Next, a description will be given of the operation of the

digital data recording/reproduction controller 1003 in the case



15 - The nunber of distribution units of the type.

Exanpl es of three different distribution unit types are gi ven bel ow.
The central process type: 5 DI SR BUTION UNI T TYPE Central DUT IS
PROCESS TYPE Centr al PT,; END; Process type with key: 10
DI STRIBUTION UNI T TYPE KeyedDUT | S PRI MARY KEY key : KeyType;
DI STRIBUTION LIMT 100; PROCESS TYPE Keyed PT; 15 END;

where an abend such as a power failure occurs during recording of
a fee-charged broadcast program, with reference to figure 14.

Figure 14 is a flowchart illustrating the process performed
by the digital data recording/reproduction controller 1003 in the
case where an abend such as a power failure occurs during
recording of a fee-charged broadcast program.

Initially, in step S111, the file recovery unit 26 checks
whether data recording is abnormally ended or not, by a digital
data recording/reproduction method according to any of the second
to fourth embodiments. When recording is not interrupted, the
power restoration process is ended. When, recording is
interrupted, the operation proceeds to step S112.

In step S112, the file structure management unit 25 obtains
the name of the data file which has been recorded in the disk
storage unit 1005 until the abend, and regards this file as an
interrupted file.

In step S113, the controller 27 checks whether the
interrupted file matches any of the program files 1009 in the
fee-charged broadcast accounting information. When there is no
program file matching the interrupted file, the controller 27
decides that a free-of-charge broadcast has been recorded, and
goes to step S114. When there is a program file matching the
interrupted file, the operation proceeds to step S115.

In step S114, the file recovery unit 26 restores the

recording-interrupted file using a digital data



Co-al |l ocation data base and process DISTRfBUTION UNI T TYPE

Coal | ocated DUT IS 20 PRI MARY KEY key : KeyType;

DI STRIBUTION LIMT 100; PRQLESS TYPE Coal | ocated PT

OBJECT TYPE Coal | ocated OT; END; 25 Speci fictions
co-existing with the above specification: PROCESS TYPE Centr al
PT IS STATIC; 30 Dl STRI BUTED AS Central DUT

END; PROCESS TYPE Keyed PT IS DYNAM C;

recording/reproduction method according to any of the second to
fourth embodiments. Then, the power restoration process is ended.

In step S115, the controller 27 checks the view mode 1008
stored in the master card 1004. When the view mode 1008 is "only
recording”, the operation proceeds to step S116. In step Slle,
the controller 27 instructs the file structure management unit 25
to delete the interrupted file from the disk storage unit 1005.
Then, the file structure management unit 25 deletes the
interrupted file from the disk storage unit. Thereafter, the
operation proceeds to step S117 wherein the controller 27 deletes
the corresponding program from the fee-charged broadcast
accounting information to end the power restoration process.

When the view mode 1008 is "both of recording and
reproduction”, in step S118 the controller 27 instructs the file
structure management unit 25 to delete the interrupted file from
the disk storage unit 1005. Then, the file structure management
unit 25 deletes the interrupted file from the disk storage unit
1005. Thereafter, the operation proceeds to step $119 wherein
the charge for recording is subtracted from the charge-for-
broadcast 1007. Then, the power restoration process is ended.

As described above, in the digital data recording/
reproduction apparatus according to this fifth embodiment, a
digital broadcast is recorded using a file structure according to
any of the second to fourth embodiments. Therefore, even when an

abend such as a power failure occurs during data recording, the



35 , PRI MARY KEY key : KeyType; DI STRI BUTED AS

Keyed DUT; END; PROCESS TYPE Coal | ocat edPT IS 40
DYNAM C; PRI MARY KEY key : 4BeyType; Dl STRI BUTED
AS Coal | ocat edDUT; END;, 45 OBJECT TYPE Coal | ocated OT IS
PRI MARY KEY key : KeyType; DI STRI BUTED AS Coal | ocat edDUT

END; 50 There may be several process types that share the sane
distribution unit type, provided that the types are of the sane ki nd.

For each filed witigr dogesruppéohhdual tocdtd abenkl @adi be restored if the
digital broadcast is free of charge. Further, even when
recording of a fee-charged broadcast is interrupted due to an
abend, no accounting is performed on this broadcast by discarding
the data which has been recorded until the interruption. Thus,
proper accounting for the user is performed.

While in this fifth embodiment the recorded data is
unconditionally discarded when an abend occurs during recording
of a fee-charge broadcast program, the user may decide whether
the data which has been recorded until the abend is saved or
discarded.

Embodiment 6.

Hereinafter, a digital data recording/reproduction apparatus
according to a sixth embodiment of the present invention will be
described with reference to the drawings.

The digital recording/reproduction apparatus according to
the sixth embodiment is provided with a plurality of disk storage
units, and a cluster where digital data is stored and a file
allocation table showing information about connection of the
cluster are recorded in different disk storage units, whereby the
load is reduced as compared with the case of using a single disk
storage unit, resulting in high-speed disk access.

Figure 15 is a diagram illustrating the structure of the
digital data recording/reproduction apparatus according to the

sixth embodiment.
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16 tribution unit type to a distribution pool neans slightly
different things. This will be describeggnore in detail with

reference to Figs. 4-8 for the kinds of process types that have been
mentioned earlier. 5 A first kind, being of the central, static
and uni que process type, is indicated in Fig. 4. Fig. 4 schematically

The digital data recording/reproduction apparatus is
provided with a data I/0 unit 1201, a file structure management
unit 1202, a disk storage unit A 1203, and a disk storage unit B
1204.

When receiving digital data, the data I/O unit 1202 receives
digital data from a digital data input device which is externally
connected, and outputs the data to the file structure management
unit 1202. When reproducing the digital data, the data I/O unit
1201 receives the data from the file structure management unit
1202, and outputs it to a digital data reproduction device which
is externally connected. |

On receipt of the digital data, the file structure
management unit 1202 records the digital data in the disk storage
unit A 1203 and the disk storage unit B 1204. When outputting
the digital data, the file structure management unit 1202 reads
the digital data from the disk storage unit A 1203 and the disk
storage unit B 1204.

The digital data is recorded in the disk storage unit A 1203
and the disk storage unit B 1204. The file structure employed in
the disk storage unit A 1203 and the disk storage unit B 1204 is
identical to the file structure according to the fourth
embodiment shown in figure 9.

Next, a description will be given of the operation of
recording digital data in the disk storage unit A 1203 and the

disk storage unit B 1204.



illustrates three control processors 402, 404 and 406 bel onging to a

di stribution pool. For this type there is only one process I nst ance
408 and therefore only one distributiongunit 410. The 10 operating system
i n question chooses one of the control pro- cessors in the pool, viz.
the processor 404 in the exanple shown, to which the distribution unit
410 is allocated and on whi ch the process instance 408 executes. If

t hat processor 404 mal functions, the operating systemin question

wi Il choose 15whefnebbefdimfedifftall ataGORhEOELi]1PrNERSSHd thHe deadone of
t he processors 402 and 406 in the exanple, fromthe pool and

restart tdi;HC et bhat eABBred in the rddtSERELbirpdeolpi a8 odigieal
keyed, dynam c and uni que process type, is illustrated in Fig. 5. Fig.

5 schematdg@d lis 3Rcordeliushr 8hesré sF&er RFOCaEHeT 5083 RR#18NEp&P6ing
bel onging to a di stribution pool. The processor 502 is shown to

i ncl ude t cdms%sg&n%kwenumfém@&&{'%éé&e 4¥@§ep59§8é§9£o§0€aﬂﬁesh0m

to i nclude t stribution units 512 and 514. The processor 506
i's shown ¢, include two distribution units 516 and 518.

With reference to figure 15, the root directory 601 and the
file allocation table 602 corresponding to the cluster B in the
disk storage unit B 1204 are stored in the storage area for the
root directory 601 and the file allocation table 602 in the disk
storage unit A 1203 which is different from the disk storage unit
B 1204 where the cluster B is stored. The root directory 601 and
the file allocation table 602 corresponding to the cluster A in
the disk storage unit A 1203 are stored in the storage area for
the root directory 601 and the file allocation table 602 in the
disk storage unit B 1204 which is different from the disk storage
unit A 1203 where the cluster A is stored.

As described above, according to the digital data
recording/reproduction method of this sixth embodiment, since a
cluster containing digital data and a file allocation table
showing information about connection of this cluster are recorded
in different disk storage units, high-speed disk access is
achieved. Further, even when an abend such as a power failure
occurs during recording of digital data, the data which has been
recorded from the start of recording to the abend can be read in

a normal file format when power is restored.



25 , Each one of the distribution units includes three |ogical

process instances, of which sone may have been "materialized" to a
physi cal instance, because sone ot her ppgcess wanted to comuni cat e
with it to reach its services. This has been exenplified in Fig. 5in
the foll ow ng way. For the 30 distribution unit 508 three "purely"

| ogi cal instances are I ndi cated at 508[err]. For the distribution
unit 510 two | ogi cal instances are indicated at 510[err] and one
physi cal whslance #iidHxah kmbdiemehsta] it rytd B¥edtsrindicated
to I ncl ude one | ogical instance 512[err] and two physical instances 35

512[err] stbreddiist Ehbubli on stbtadd it wkdiceat §dqt erbPEAUILrom the \Mlsk

| ogi cal instances 514[err] and one physical instance 514[err]

di stri buldtoragli Ln®E6whéré Nehé at Sk dpdniandde1 hwPet 09t C&lored, the root
directory and the cluster may be stored in the same disk storage
unit as long as the cluster and the file allocation table are
stored in different disk storage units.

Further, while in this sixth embodiment two disk storage
units are used, three or more disk storage units may be used as
long as the cluster and the file allocation table are stored in
difference disk storage units.

Furthermore, the file structure of the disk storage unit A
1203 and the disk storage unit B 1204 may be the conventional one
shown in figure 17.

While in the first to sixth embodiments the data I/0 unit 21
or 1201 performs both of data input and data output, it may be
separated into a data input unit and a data output unit.

Further, in the digital data recording/reproduction
apparatuses according to the first to sixth embodiments, the file
structure management units 22 and 25, the file recovery unit 26,
and the controller 27 are implemented by either hardware or
software.

Furthermore, "digital data" described in the first to sixth
embodiment means either or both of video data and audio data.

Moreover, in the first to fourth and sixth embodiments,

analog data may be encoded to digital data in advance of
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17 i nstances 516[ err] and one physical instance 516[err]. The
distribution unit 518 is indicated to ifglude two | ogical i nstances
518[ err] and one physical instance 518[err]. For this type the
application programmer has to provide a 5 distribution limt that fixes
the nunber of distribution units, this distribution limt being 6 in
t he exanple, and a function that translates the key that identifies

t he proc i i e afql 4 £y i Hk &3
1P DaPERHas g pecond i AsBEhetskRckel SROLid) e 1R e

i ndi cat edytg f@gor§5$éfﬁﬁ§ﬁda%§%g%hrhgghbgp units evenly over the control

processors I n t If one control processor fails, the
di stribution

APPLICABILITY IN INDUSTORY

As described above, the method and apparatus for
recording/reproducing digital data according to the present
invention perform recording or reproduction of video data, or
audio data, or both of them, and are suited to data recording in
the case where an abend such as a power failure occurs during

data recording.



units on, that control processor are noved to the renaining control
processors in the pool and noved back when the control processor
functions again. As the process instancgs are 15 dynaﬂﬁfh—4%ﬁfﬁﬁﬁﬁ%ﬂﬁﬂﬂy‘
systemin question wll only start a physi cal inst%$c§
i nstance i s addressed by setting up a dialogue to ity ace
executing on a failing control processor is not auto :(#H
restarted. A third kind, being of the central,
replicated 20 process type, is indigahegsin Fig. 6. For such a process
type, there is only one distribution unit which the operating system
I n question wll replicate to all control processors in the
distribution pool and start one process instance on each control
processor S di e 8 %?1 oY 28or FORLLS
processoHS 6 dﬁgifgi g%%% geE F§%9?4é%% Jq i hQEESd Or , eac é%ntaln
a respect | ah u ni 6 g%p Q%%§} %gl
respectljguﬁ du%%ﬁ Qiﬁlﬁ o &Aéﬁ‘lﬁ u1-nd‘lca edgg 814’ 6 %
respecti vel ourt cessor I ndi cat.ed at 620 does_n ong to
t he p00|%5?¥@hghgt @PElgsg G0 of datd recordlgg L9 reé%ré%%

medium, said method comprising:

first step of constructing a file structure in which
recordable clusters are connected, on the disk recording medium;
second step of recording digital data from the head of the
recordable clusters; and

third step of constituting, as a recorded file, the digital

data from a recording head cluster to a recording end cluster.

2. A digital data recording/reproduction method as defined in
Claim 1, further comprising the steps of:

when an abend occurs during data recording in the second step,
detecting the abend of data recording after recovery from the
abend; and

constituting, as a recorded file, the digital data which has
been recorded from the start of data recording to the abend, on

the basis of format information of the digital data.

3. A digital data recording/reproduction method as defined in
Claim 2, wherein the format information of the digital data is a

sync byte of a transport packet.

"THIS St HAS. ttb‘i}\& |
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30 processors and has therefore not received any replicated

di stribution unit. Shoul d one of the control _processors 602, 604
or 606 fail, the instance executin n it just disappears until the
control processor functions again. en a replicat &8s %Bﬁibﬂt goed s

35 addressed, the sender can only point out the replic
type as such, not one of the instances specifically. The g
systemin question chooses the instance on the

PCT/ SE95/ 01481

4. B digital data recording/reproduction method as defined in
Claim 2, wherein the format information of the digital data is

time information.

5. A digital data recording/reproduction method for recording
and reproducing digital data in units of clusters, each cluster
being the smallest unit of data recording on a digital recording
medium, comprising the steps of:

recording digital data in the clusters, with a file
identifier and cluster connection information being added to the
digital data;

when an abend occurs during data recording, detecting the
abend of data recording after recovery from the abend; and

restoring the cluster connection information on the basis of
the file identifier and the cluster connection information which

are recorded in the clusters.

6. A digital data recording/reproduction apparatus comprising:

a disk recording medium in which digital data is stored in
units of clusters, each cluster being the smallest unit of data
recording; and

a file structure management unit for storing the digital data
in the disk recording medium or reading the digital data from the

disk recording medium;

AR R



18 _control processor "nearest" to the sender, that is, on the sanme
control processor if there is one, otherwise in the S SheetHaS%‘Iﬁ Replaced
ot herw se anywhere. |f several control @gocessors are ear",
the operating systemin question chooses at rando e

I nternal states of the instances, of the process t hus repllcated, are
| ndependent of each other. The operating systemin question will not
keep then1consistent W th each ot her. A fourth kind, being

the central, i€ Al ERl %E@Qdigg neIOGEYSE s WEi 1kSstkhustrated in
Fig. 7. Fig. 7 IlTustrates t ree ctontrol processors 702, 704 and 706,

bei ng t NSy a99e8e clusfbrt NeroaBhrialoa Thegabgrating system in quest | on
replicates stri utlon unit, 1 ndicated at 708, 710 and 712,
on al | pontrol processors in the di stribution pool, and starts a 15
new process instance on one of the control processors in t he pool

whenever _suchy a;,nr,0c6ss .S 300EEIBES/ - Fr AR ASLAPGStus as defined in

Claim 6, wherein said file structure management unit has a file

recovery unit, and when an abend occurs during recording of
digital data, the file recovery unit constitutes, as recorded
data, the digital data which has been recorded from the start of
data recording to the abend, on the basis of format information

of the digital data, after recovery from the abend.

8. A digital data recording/reproduction apparatus as defined in
Claim 7, wherein said format information is a sync byte of a

transport packet.

9. A digital data recording/reproduction apparatus as defined in

Claim 7, wherein said format information is time information.

10. A digital data recording/reproduction apparatus comprisingﬁ

a disk recording medium in which digital data is stored in
units of clusters, each cluster being the smallest unit of data
recording; and

a file structure management unit for storing digital data in
the clusters of the disk recording medium, with a file identifier

and cluster connection information being added to the clusters,

R



714 and 716 are indicated in the replicated dlstrlbuhn%& 708, and
the repl I cated distribution unit 710 is indicated to ‘jiwuﬁﬁ 5 ee

process instances 718, 720 and 722. Thesg0 replicat n uni t
706 includes a single process i nstance 724.

processor that is chosen depends on the Iocatlon of the sending
process in the sane way as with the static, replicated process type.
25 A fifth kind, being of the installed, static and unique

process B¥p§eaﬁ§n neh & ad ﬁan %a&a &rofi ghe8di§}9'f@é&%ﬂrly §dium; control
processors 802, 4 and - be onging to a pool. The cont rof

processor s 804ad 885kors 8 9EokD Al hAGRGatGny : nadl ptedfuition unit

type to a dlstrlbutlon poo y nmeans t rocess 1 nstances of the

{ypes conaegkedyt ol bala b QBend oclilhd d¥PEHITIEREAIRY! Bl ed on any

of the contro rocessors in

di StribULER-UR! b5 2N00 £11¢ RIBGESH LASLADGES. U, ! hy rlﬁg\égl apgen

installe n run- di'str on unit, a
processog groughe digital data which has been recorded from the start of

data recording to the abend, on the basis of the file identifier
and the cluster connection information which are recorded in the

clusters, after recovery from the abend.

11. A digital data recording/reproduction apparatus as defined in
any of Claims 7 to 10, further comprising:

a digital broadcast receiver for receiving a digital
broadcast; and

a controller for controlling the file structure management
unit, according to accounting information which indicates whether
the received digital broadcast is a fee-charged one or not;

wherein, when an abend of data recording occurs during
reception of a fee-charged digital broadcast, the controller
discards the recorded data after recovery from the abend so that

accounting is not performed on the digital broadcast.

12. A digital data recording/reproduction apparatus for recording
and reproducing digital data, comprising:
a plurality of disk storage units in which digital data are

recorded; and

THIS SHEET HAS BEEN
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35 nust. be selected, such as the one indicated in Fig. 8 A processor

group is a group of control processors that is built fromconfiguration
data. Wien a distribution unit, indicatgd at WD 96/ 18145

PCT/ SE95/ 01481 19 808, is
installed, the operating systemin question chooses one of the control
processors, being the processor 804 in the exanple, in the selected

processor group that is also part of
a file structure management unit for recording a cluster in

which digital data is stored and a file allocation table for
managing information about connection of the cluster, in

different disk storage units.

This Sheet Has Been RTllaced
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the distribution pool to which the distribution unit typeis 5

allocated. Wthin the distribution unit 808 thus installed, process
instances, indicated at 810 and 812 as gg exanple, are—— ed, also in
run-tinme. The operating systemin question starts .the RIQLgFeplaced
instances in the distribution unit on the sel ect ol ssor,
and sel ects another one and 10 restarts the processe \ |“ mr
currently sel ected control processor fails. | he
appropriate processor groups is a mahk8rghes t he application designers
and the network engi neer, as the operating systemin question does not
know of the actual 15 physical limtations. I nstall ed process

i nstances are normally closely rel ated t o managed obj ect instances

[Pt und B! PR e, ool I BRe ROl Bpchgandted
TN RIS R R R e R e
which are able to prevent destruction of file and loss of data
when an abend such as a power failure occurs during recording or
reproduction of digital data on a disk recording medium.

The present invention is provided with a file structure
management unit 25 and a file recovery unit 26. The file
structure management unit 25 records digital data in a disk
recording mediuﬁ having a file structure in which recordable
clusters are connected. When an abend occurs during data
recording, the file recovery unit 26 constitutes, as a recorded
file, the digital data which has been recorded from the start of

data recording to the abend, on the basis of format information

of data, after recovery from the abend.



resource.is created. The installation of the process and its

di stribution unit is therefore often done in conjunction with t he
creating of a nanaged object. Fromrel ati ons between the 25 managed

obj ect representing the hardware resource and nmanaged obj ect s
representing other hardware resources, @Pﬁ proper processor group to
sel ect can be obtai ned. : Ref er g to that just stated above, and
with reference to Figs. 9-12, an exanplary installation case will now
be descri- 30 [bigll Fig. 9 illustrating a hardware view of a network

el enent, Fig. 10 illustrating a nmanagenent view of the network

el enent Fig. 11 illustrating a resource view of the network el enent,
and Fig. 12 schematically il-'lustrating distribution of process

i nstances intended for execution on control processors included 35 in the
net wor k el enent . The pur pdiftapfiata processor group is to nmake it
possible to restrain on which cont§ol processors the installed process

1

211 data /O unit

A

—~ 20

[
file structure
227~ management unit
A

i

disk recordin
23~ medium g
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20 ° I nstances are to execute in order to cope with physical limta-
tions in the hardware configuration. In the network el enent in Fig. 9
devi ces 902 and 904 are shown included in each a bl ock D1 and D2,
respectively. The blocks D1 and D2 are 'bjg%ended to 5 represent each a
nunber of devices connected to a switch 6. These devi ces incl udi ng
t he devi ces 902 and 904 can only be reached from control processors
908 and 91fj cgw(tg):t ed to the sanme swit 906 as the devices. Another
switch 912 I!g's connect ed theretﬁ Lv_\/(g@qrzl)?rol processors 914 and 916
and two 10  devi ¢Freeddr@aan0o@28—shownUaasédndl uded i n each183bl ock D3 and
Unused Unused | =
Unused » 0003 _E L Data Area 2
Unused 0004 ~— Data Area 3
: 1FFE f=— =
Unused 2000 ~/— | _DataArea 1FFF
S 2000 *— Data Area 2000
101 2002 ~/— Data Area 2001
FFFF —: -:::: Data Area Last
Fig.2(b) 102
Free Area | FFFF Unused 1083
Video 0002 ~—| Unused | S
Unused 0003 —_— Data Area 2
Unused 0004 ~— Data Area 3
' T :
Unused 2000 _:-_-__—_]_ ________ Data Area 1FFF
S 2000 = Data Area 2000
101 2002 ~— Data Area 2001
FFFF [~ | DataArealast
Fig.2(c
g.2(c) /102
Free Area| 2000 Unused 103
Video 0002 -—I Unused | Q
Unused 0008 —8 Data Area 2
Unused 0004 _~—— Data Area 3
: P e T :
= . :
Unused FFFF M Data Area 1FFF
» 2001 —4— Data Area 2000
101 2002 '.—_[___ _________ Data Area 2001
FFFF ::__::::: Data Area Last




D4, respectively. The Dblocks D3 and D4 are intended to repr esent

each a nunber of devices connected to the switch 912, i ncl udi ng the
devi ces 918 and 920. In the correspondi ng nanagenent vi ew of
Fig. 10 the pro- 15 cessors 908, 910, 914 and 916, the devices 902, 918
and 920, as well as sw tches 906 912 in Fig. 9 have been
represented by managed obj ects gi the sane reference nunerals as a

corresponding elenment in Fig. 10 with an added | owered MO
Anal ogousl vy, iﬁlglﬂa correspondi ng resource view of Fig. 11 the 20 samne

processors, devices and switches as have been represented by managed
objects in Fig. 10, have been represented by resource objects given
the sane reference nunerals as a corresponding elenment in Fig. 10 with
an added | owered RO Fig. 10 illustrates how a managed obj ect
1002 representing 25 a distributi on(p$ gnﬂoups t he processor managed

obj ects 908[err], 910[err] and\oIdlerf], 916[err]. To the

di stribution pool a distribution ynit type is allocated, which will be
described nore in detail with refagrence to Fig. 12 further below The
managed obj ects Construct file structure |~ _ §31

Record digital data —~. 332

l

Constitute record file S33
comprising data from
recording head cluster to
recording end cluster

4

End




908[err] .910[err] are connected to the switch nmanaged object 906[err] 30

whi ch has al so connected thereto the device nmanaged obj ect 902[err].
The managed objects 914[err] 916[err] are connected to the switch
managed object 912[err] which has al so connected thereto t he device
managed objects 918[err] and 920[err]. 4 In the correspondi ng
resource view of Fig. 11 resource 35 ‘gﬂj ects representing the respective
resources of Fig. 11 have been organized in a simlar way as the
managed obj ect F(igt4Fi g. 10. The resource view of Fig. 11, however,
al so includes a WO 96/ 18145
PCT/ SE95/ 01481
digiall data
x
y
~ 24

o1-h |  data VO unit

file structure
25~ management unit

file recovery
unit " [~{-26

1

4

disk recordin
237 medium o
Fig.5
2§01 2§02
transport
header payload
2§03 \
sync
byte




21 resource object 922[err] representing the control processors 908

and ‘910 as a group, as well as a resource object 924[err]

representing the control processors 918 and 920 as a group. To
the distribution pool represented by the nanaged object 5 1002 a
distribution unit type, schematically igpdi cated at 1202 in Fig. 12, is
all ocated which, as an exanple includes dis- tribution units of this
type indicated by bl ocks 1204-1218. The distribution units each

i nclude a nunber of process instances i ndi cat ed by rectangul ar shapes
in the respec 1gdSbIocks. 10 Thus, the distribution units 1204 and
1206 each forma group of process instances for handling the devices
D1, and install ed for_execution on the control processor 908. A
process i nstance for(haddid sivdrie device 902 is indicated at 1220. The

distribution units 1208 and

. forma group of process 15
I nstances for handling the de

D2 Sg@p installed for

Recording
is mtegrupted

Yos S302

Obtain head cluster number of

recording-interrupted file from

root directory, and regard it as
current cluster

—

4 S303

Any dropout
of sync byte occurs in
current9 cluste

No

S307

Yes )304

Set FFFF in position on file
allocation table corresponding

Any
cluster follows
current? cluster

to current cluster Yes 5308
5305 ~
o~ .
- - Obtain cluster number
Obtain cluster number following following current cluster
__current cluster from from file allocation table,
file allocation table, and regard and regard it as
it as head free cluster current cluster
1 - S306

Set head free cluster in position
of head cluster in Free Area of
root directory




execution on the control processor 910. A process instance for

handl i ng the device 904 is indicated at 1222. The distribution
units 1212 and 1214 each form a group of process instances for
handl i ng the devices D3 and installed for 20 execution on the control
processor 914. A process instance for 6/1 handl i ng the device 918 is

i ndi cated at 1224. The distribution ﬁnits 1216 and 1218 each forma
group of procqsig it7nstances for handl i ng the devices D4 and installed
for execution oW'the control processor 916. A process instance for
handling the 25 device 920 is indicated at 1226. A process

i nstance that handl es a devi g connecteqoéo any of the switches 906 or
912 nust execute on the respéctive ontrol processors 908, 910 or 918,
920, respectively, conpected to that switch due to the above
descri bed groupi ngs 30 of the control processqrs supported by the
resource objects | Ppackethieader | and 924[err]. ﬁﬂ§§$dm?'a new device P28 is
added to the S-wi—-e—966; gtocess—+nastance—that—handtes—tieTew

devi ce shoul d| anal ogously be imﬁb el ected to execute on any of

§

PTS

A\

3bit | M | 15bit | M [ 15bit | M

\\\___\\/,,~__,//

404




the control processors 908 and 910. Therefore, a resource 35 obj ect

928[err] representing the new device shoul d be installed, connected to
the resource object 922[err] as indicated by arrow 930, and the new
process instance should be allocated to a dis- WO 96/ 18145
PCT/ SE95/ 01481 22 tribution

: . : 7/14 . .
unit formng a group of process instances intended for execution on
t he control pr]éige‘gors 908 and 910. As an

@estore poweD

S501

Recording
is mte[)rupted

Yes

Obtain head cluster number of

recording-interrupted file from

root directory, and regard it as
cutrent cluster

__ 8502

) 4

S503
Any dropout No

of marker bit or decrease in
PTS occurs in current
cluster?

S504

S

Set FFFF in position on file
allocation table corresponding
to current cluster

S507

Any
cluster follows
curren;) cluster

< Yes  ssos
505
. TR Obtain cluster number
Obtain cluster number following following current cluster
. current cluster from from file allocation table,
file allocation table, and regard and regard it as
it as head free cluster current cluster
y . S506

Set head free cluster in position
of head cluster in Free Area of
root directory

1

End




exanpl e, ,such a new process instance is e.g. indicated at 1228 in
Fig. 12 as installed for execution on the processor 910. 5

Addressing a process instance in a control processor from a process
i nstance | ocated in another control processor wl | now be descri bed
with reference to Figs. 13 and 14. Fig. 13 illustrates three
control processors CP1, CP2 and cP%14 The control processor CPl is
indicated to c {in two 10 di stribution units A and B. The control
processor CP2 . indicated to contain distribution units C, D, R and
S. The control processor CP3 is indicat to contain distribution
units E, F, R and_S.._The distrijbutiopuni 1ol and S are assuned to
have process inst|afideed of| 802 ot he|replicaled third and 698 fourth kinds
al l ocated to theMynused Fol [a process 1h a control pr§cessor to be
able to invoke an;oferatTon [on BMIET  ProTess; Wi ang@/ oc4at ed
in anot her qd#i4sEd drocesspr, apd | AT or-ratiden—s "%%‘égd
Such addressing i|dfnsisedt ijon i s provi He§O0B4 es_as _fall olatadiead
Each control prdcessor Has a f|rst |tgpkp a i at ed Data Area 4
Unused o
601 I
Fig.10
701 7§02
recording -
information digital data

703 N
§ \

file ID connecting cluster
number




therewith, comon to all control processors, indicating the

distribution of all distribution units on the control

processors, and a second table pointing to its own distribution units.
For each of the processors CPl, CP2 and CP3 the first 25 table is
indicated as T1 and the second table agytg[err], T2[ err] and T2[err],
respectively. As can be seen, the first ¥ab|e T1 on each line in a
first colum states distribution units, and in a second colum a
processor on wqtfh Kpg distribution units in the first colum are

| ocat ed. Thus, ne 2 of the table T1 30 it can be seen that the
distribution units C and D are | ocated on the control processor CP2.
The second table T2 has a first col um ggzat i ng on each line a

di stribution uni tr—ard—arsecond provi ding on 8 sanme line a
pointer to that [|Yideadi sily PBOZ ipn unjt. This| can be easil%geal i zed from

the arrows 35 ddmisedig {f rom epdh |j ne of tjable 2 to a cogrespondi ng dis-
tribution unit, dqgfysaddW bernp j_nchg 6§ by the same DatadfrBE o ' Cft i on

| etter as the didg nlugé.l ittt t 0 wWht b IOd T :::::'::::" Data Area 3
: 000 | Data Area 4
Unused :::::::
801 e
Fig.11(b)
804 805 806

§ § §

cluster2 | YYMMDDMMSS 0003 digital data
cluster3 | YYMMDDMMSS 0004 digital data
cluster4 | YYMMDDMMSS | undefined | digital data
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23 " poi nts. Furthernore, each distribution unit has its own
table T3 containing pointers to its process instances. In Fig. 13 this
table is illustrated only for the distribution unit Don the 5 processor
CP2, indicated as table T3[err]. As ca&ﬁégg seen the di stribution unit
D contains three process instances P1, and P3. Table 3 contains in
a first colume.th lines stating a
"Fig.12 g
( Restore power)
S901
~Recording
is inten:}rupted
Yes /\/8902

Obtain head cluster number of
recording-interrupted file from root
directory, and regard it as
current cluster.

Obtain fite ID of head cluster,
and regard it as target file ID.

|

Regard connecting cluster

number in current cluster
as next cluster

S903
|~

S904

File ID

of next cluster is identical Yes

to target file ID S906
? Y P
Store next cluster in
No 59 position of current cluster
. o . on file allocation table.
Set FFFF in position on file Replace current cluster
allocation table corresponding number with

to current cluster next cluster number.

End



respectiyve one of these process instances,

and a second col um

the respective lines of which an arrow i ndicates a pointer

correspondi ng process instance.
tabl es, not shown on the draw ng,

units R and S which identify process i
distribution units R and S. The tables

In the same way,
associated with the

pﬁli‘?nces

t here

from
to the

are al so
di stribution

all ocated to these
T2 and T3 form part of the

now be
in the

operati ng sysi:e éf Sonme exanpl ary addressing cases wil |
descri bed. 19.13{8) assured that a process instance Sender

di stribution unit B on the control processor CPl1 in Fig. 13 desires to
I nvoke a renote operation either on one of the S I nst ances

vi e
existing in the control processor CP2, Bécgﬁ OUtgess |nstance P2,

or on a process instance R
and S in the procgssprs CP2 and €P3—F+o; 14 isfa flow chart
illustrating a sea coufse digital beoagieastby t he o%)eratl ng system
according to whic e progess teggiveihce | n quesfti on can be found. 25
A message fromthe fApesp i nst \Sc Sengefr—tocat ed |t 01G08e
1001 Jocod
ecoder
1003
_f—
( 108 108 _—
e data I/O unit
21
10D 27 10C
master | | { , y ¢ g data_
card [ - file structure . desttqatlon
management unit controller switch
file recovery S
unit
/ digital data 1006
q 5 1 recc:’ording/
26 reproduction
1004 25 controller
10B /"y
disk storage unit |-~ 1005
Fig.13(b)
1007 1008 1009
¥ 1000 :gg?ggg‘c%g‘n fee-charged broadcast 1
onl
¥0500 | 1o cdidction | 1oe-charged broadcast 2
only
¥ 0800 recording fee-charged broadcast 3




i nstance to be:
The

distribution unit Bin Fig. 13, |looking for the process
forwarded to appears in the starting point 1402 of the flow chart.
search is started in step 1404 by neans ~of the table T1. If the
process instance to be searched for is 30 the process instance P2 | ocated
in the distribution unit D, l'i ne %¥ﬁ table T1 reveals that this
distribution unit can be found on processor CP2. According to
this, step 14?@ elimnates the case that the process instance could
have been lgdlﬁted to a distributiop—ami-t—em~t he own processor. If the
35 process instance to be searched fo
table T1 in the last |ine reveal s that

of the

processors CP2 and CP3. WO 96/ 1814
PCT/ SE95/ 01481 No
Sst112
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is interrupted, and regard it as
interrupted file
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End



24 . ~ In step 1408 it is determ ned whether the process instance
is replicated or not. If yes, the operating systemin step 1410

chooses either the one of the control processors CPl or CP2 "nearest"
to the sending process Sender, or anyone of themif 5 they are equally
third and fourth kinds

"near", as has been described earlier §3H4the
of processes.
process insta

step 1414,

Fig: 1

line 2 identifies a

If no, step
ar ched
tabl e

1410 is by-
for is P2,
T2[err] 10

passed.
step 1412

If the

forwards the nessage to
associated wth the processor CP2 in
pointer to the distribution unit D. Step 1416

forwards the nmessage . o ' . .. 13D in line 2
identifies a pointer ?&"?L‘g&ﬁs’é‘}&@ Tﬁ%@&&@?‘eﬁé
4
data /O unit ~— 1201
3
1
file structure management unit ~— 1202
‘ ‘ 1204
o root root N
1203 7 M directory B directory A
file file
allocation allocation
table B table A
cluster A cluster B
disk storage disk storage
unit A unit B
Fig.16 1 2303
1304 . telephone-
operation line
2 check | automatic
circuit | report device
control )
PC , {
uPS —~— 1301 1305
—~— 1302

IO device




In step.2420 .t
or static.

I f dynam c,
i nstance is keyed or

r epl

icated. If

keyed,

determ ned to be keyed, dynam c and uni que.

"started?",

instance is s t

1428. |If there

it will
materialized to a physical

5

in st
a

be detern ned

one 20

ep

physical in

or Y

st ance,

is determ ned whether the process instance 15
step 1422 det er m ngs whet her
t he

In

is dynam c
t he process

process type is

step 1424, questioning
ether the | ogi cal
is not,
1426, and the nessage is forwarded in step

i nstance is
t he process

the fl ow proceeds to the

nmessage forwarding step 1428 as indi cat402 by arrow 1430. | f
it is found in st 1426 her e estion of 25 static
process instance,TﬁW% flrmbﬁ@;&h’ses st eps 22, 1424, 140@426 proceedi ng
to step 1428 as ijhmused ed by arydw 1432, ' | f the gnswer in step
1422 is "replicatlefhused hils neans b@@g now haveTa Cpg rﬁ?\’ea zdymm c
and replicated ty TTISE ancef -frew ptyo. e to
be .material i zed. %u%drh flowt her efo Q\b“'hv- masEes. stef 921a/kfﬁ§§eed, ng to
step 1426 ag¢cordinglto arrom11434EFEFe.‘thg_pperatlngDaysMeaﬂstarts
t he e :
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1. A conputer controlled system i ncl udi ng a prlogessi-ng
architecture conprising a control system pl at f orm donfposed of a nupber

of control system processors for 5 har®iling different] gar?8 &P 2001
dat abase, an operating system

DISCLOSURE OF THE INVENTION

According to Claim 1 of the present invention,
there is provided a digital data
recording/reproduction method for recording and
reproducing. digital data in units of clusters, each
cluster being the smallest unit of data recording on a
disk recording medium. This method comprises: a |

first step of constructing a file structure in which

recordable Eclusters are connected, on the disk
e recording rﬁedium, in advance before the data is
started to be recorded; a second step of recording
&‘i’éital data from the head of the recordable clusters;
and a third step of constituting, as a recorded file,
the digital data from a recording head cluster to a -

recording end cluster.

Therefore; even if an abend such as a power
failure occurs during recording of digital data, the
area where ’gthe digital data is recorded exists as a
part of file: when power is restored, and the data
& which has ll;

to the'abenid can be reproduced after recovery from

een recorded from the start of recording

the abend. As a result, destruction of file and loss of
data, which are attendant on an abend, can be

avoided inexpensively.

According to Claim 2 of the present invention,
the digital data recording/reproduction method
defined in Claim 1 further comprises the steps of:

when an abend occurs during data recording in the

i

i

i
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process resources,
application 10 progr ans
I nteracting w th each
wor | d outside this an
resource represent aél orls I

he control system and repr"esm*ﬂ&thens.

the processing architecturg pro for
to be executed as cooperatingipfo ﬁ é:ngZUﬂ‘i
) other, with the control syst¢miand with thej
chitecture, I nstances of the process

processors bySHESHS

B9, BPLEPEIRE dhGnPPEndadl LR BECARTIRE

formng a groypof recovBr&C?f‘%rﬁnﬂE@nﬁ%nd and coﬁgel‘&lh@itﬂgb%é.oﬁ units

bel onging to specific dist

buti on unit "types, of which each

di stribution nacorided déﬂ(erl behe d1g1char}0nd[amaperwheslnf hiast r bmgmnon

units being of t

his, t Sy.st
whi ch the proE@EQrde‘X fﬁ'é’t‘&ncggel n%’i%te of data bheer

m, accor di naéto claim,l, in

P& bResH®

I nstances tha%he 8‘“% FQHEMELYES 879 format inf@9inEioH Co¥SSthe

i nstances in

or'm an abstract

digital data._

Therefoj

re, even if an abend such as a power

failure occurs during recording of digital data, the

dig_ital data

o’ recording to

fwhich has been recorded from the start of

the abend can be reproduced when power

is restored and, furthermore, the recordable area can

be restored

obtained wh

a result, de

as a recorded file identical to a file
en data recording is normally ended. As

struction of file and loss of data, which

are attendant on an abend, can be avoided

inexpensively.

Accordi
the digital

defined in

digital data

Therefo

failure occu
digital data

ng to Claim 3 of the present invention, in
data recording/reproduction method

Claim 2, the format information of the

is a sync bjrte of a transport packet.

re, even if an abend such as a power
rs during recording of digital data, the

which has been recorded from the start of

recording t

o the abend can be reproduced upon

restoration bf power and, furthermore, the recordable
area can be restored as a recorded file identical to a
file obtained when data recording is normally ended.

As a result, destruction of file and loss of data, which



concept, t he
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and by the configuration of the systemin

properties,

har dwar e devi ces.

ki nd of | ogi cal process instances in a sylstRERLATEMENSSHG!
andTHeET i
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3. A systemaccording to c{ aj m

_,_v_,

di stribution units group both Iog|c§I and physi ca +ances,
30 | ogi cal instances because the rel ati on bet ween i npt ances and
distribution units is expressed in terns E[ | ogi car-T.mou

and physi cal #&fst aﬁ(§§§“t5£%ﬁﬁse hen & di & i orf@MRi t P V%ﬂiFgcat ed
to a process | process instances rel at ed to the

di stributi on?f}rﬁﬂ%irlgxgreggt ed on that particular pro- 35 cessor.

4. A system according tolany of clainms 1-3, in which the processes

i ncl ude

o
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As a result,

According to Claim 4 of the present invention, in
the digitall data recording/reproduction method
defined in (Claim 2, the format information of the

digital data j{is time information.

Therefore, even if an abend such as a power
failure occurs during recording of digital data, the
digital data which has been recorded from the start of
recording to the abend can be reproduced upon
restoration of power and, furthermore, the recordable
area can bezrestored as a recorded file identical to a
file obtaineci when data recording is normally ended.
destruction of file and loss of data, which
attend abend, be avoided

ant can

Y.

are on an

inexpensivel

According to Claim 5 of the present invention,

there is provided a digital data
recording/reproduction apparatus comprising: a disk
recording medium in which digital data is stored in
units of clusters, each cluster being the smallest unit
of data recording; and a file structure management
unit for storing the digital data in the disk recording
medium or freading the digital data from the disk
recording m'edium. The disk recording medium has a
file structute in which all of clusters are connected

in advance.
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26 central pracess types, there being one ljogi cal process

i nstance for each such prdcess type, process prf§1ﬂ§y?ﬂﬂ

i nstances identified by akey, there bei ng one | dgijcal process

I nstance for each key val ue, 5 di ffer®nt process types—berng-abl-e—to
have different types on their respective key, and thus have a

process
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this process type, and an | nstance

typ

correspondi ngatresonwHeone caheprdigital data is recorded exists as a

part of a file when power is restored and, therefore,
the data which has been recorded from the start of
recording to the abend can be reproduced after
recovery fro:m the abend. As a result, destruction of
file and logss of data, which are attendant on an

abend, can be avoided inexpensively.

According to Claim 6 of the present invention, in

the digital: data recording/reproduction apparatus
defined in Claim 5, the file structure management
unit has a file recovery unit, and when an abend
occurs during recording of digital data, the file
recovery uﬁit constitutes, as recorded data, the
digital data which has been recorded from the start of
data recording to the abend, on the basis of format
informationjof the digital data, after recovery from
the abend.

Therefore, even if an abend such as a power

failure occurs during recording of digital data, the

digital data iwhich has been recorded from the start of
i'ecording té) the abend can be reproduced upon
restoration of power and, furthermore, the recordable
area can be restored as a recorded file identical to a
file obtained when data recording is normally ended.
As a result, destruction of file and loss of data, which
are attendant on an abend, can be avoided

inexpensively.
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byte of a transport packet.

Therefore, even if an abend such as a power
failure occurs during recording of digital data, the
digital data which has been recorded from the start of
recording to the abend can be reproduced upon
restoration é)f power and, furthermore, the recordable
area can be!restored as a recorded file identical to a
file obtained when data recording is normally ended.
As a result, |[destruction of file and loss of data, which
are attendant on an abend, can be avoided

inexpensively.

According to Claim 8 of the present invention, in
the digital data recording/reproduction apparatus
defined in Claim 6, the format information is time

information,

Therefogre, even if an abend such as a power
failure occurs during recording of digital data, the
digital data ?which has been recorded from the start of
recording tp the abend can be reproduced upon
restoration jof power and, furthermore, the recorded
area can bejrestored as a recorded file identical to a
file obtainec}i when data recording is normally ended.

As a result, destruction of file and loss of data, which

| ude



30 static process types for which the control systle Ee%%%ifé” SHEET

that there is always a physical instance for each | ogicdl I nst ance
dynam ¢ process types for which the control systemonly toassar2pthat
physi cal instance is created when sone other 35 procesy yants to
comuni cate with it. f 7. A systemlaccording to gny of Trairms—t=
I n which the processes incl ude WO 96/ 18145
PCT/ SE95/ 01481 27 i

are attendant on an abend, can be avoided

inexpensivel?y.

Accordiéng to Claim 9 of the present invention,

the digital

defined in iny of claim 6 to 8 further comprises: a

data recording/reproduction apparatus

digital broadcast receiver for receiving a digital

broadcast; ;nd a controller for controlling the file
structure m?anagement unit, according to accounting
information which indicates whether the recéived
i digital broadcast is a fee-charged one or not. When
an abend of data recording occurs during reception of
a fee-charged digital broadcast, the controller
discards the recorded data after recovery from. the
abend so that accounting is not performed on the

digital broadcast.

Therefolre, even when an abend such as a power
failure occurs during data recording, the file until
interruptionl due to the abend can be restored if the

digital broadcast is free of charge. Further, when the

s digital broadcast whose recording is interrupted due
to the aben:d is a fee-charge one, no accounting is
performed on this broadcast by discarding the data
which has been recorded until the interruption. In
this way, éppropriate accounting for the user is

carried out.

Accordigng to Claim 10 of the present invention, a
digital date;1 recording/reproduction apparatus for

recording allﬁd reproducing digital data, comprises: a

|
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in different disk storage units.

Therefo

even 1if an

re, high-speed disk access is achieve, and

abend such as a power failure occurs

during recording of digital data, the data which has

been record

abend can b
is restored.
of data, wh

ed from the start of recording to the
e read in a normal file format when power
Accordingly, destruction of file and loss

ich are attendant on an abend, can be

avoided inexpensively.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure
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present inve
Figure

structure of

recorded in

1 is a block diagram

illustrating the

data recording/reproduction

iccording to a first embodiment of the

ntion.

2(a) is a diagram illustrating a file
a disk recording medium when no data is

it, according to the first embodiment of

the invention.
2(b)

Figure

is a diagram illustrating the file

structure of the disk recording medium when data is

being

embodiment

recorded

in it, according to the first

of the invention.
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CLAIMS

1. A digitél data recording/reproduction method for
recording aind reproducing digital data in wunits of
clusters, eaéFh cluster being the smallest unit of data
recording 01}1 a disk recording medium, said method
comprising: ;

first séep of constructing a file structure in
which recordable clusters are connected, on the disk
recording medium, in advance before the data is
started to be recorded;

second step of recording digital data from the
head of the recordable clusters; and

third step of constituting, as a recorded file, the
digital datd from a recording head cluster to a

recording end cluster.

2. A digital data recording/reproduction method as

defined in Claim 1, further comprising the step of:

when an abend occurs during data recording in
the secondf step, detecting the abend of data
recording after recovery from the abend; and

constituting, as a recorded file, the digital data
which has been recérded from the start of data
recording to the abend, on the basis of format

information of the digital data.

3. A digitél data recording/reproduction method as
defined in C!laim 2, wherein the format information of

the digital d;iata is a sync byte of a transport packet.
i

|
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4. A digital data recording/reproduction method as
defined in Claim 2, wherein the format information of

the digital data is time information.

5. A digital data recording/reproduction apparatus
comprising:

a disk recording medium in which digital data is
stored in units of clusters, each cluster being the
smallest unit of data recording; and

a file s.;‘tructure management unit for storing the
digital data%in the disk recording medium or reading
the digital ata from the disk recording medium;

where:l said disk recording medium has a file
structure inir which all of clusters are connected in

advance.

6. A digital data recording/reproduction apparatus
as defined in Claim 5, wherein said file structure
managemenf unit has a file recovery unit, and when
an abend occurs during recording of digital data, the
file recovery unit constitutes, as recorded data, the
digital data fwhich has been recorded from the start of
data recording to the abend, on the basis of format
information|of the digital data, after recovery from
the abend.

7. A digitél data recording/reproduction apparatus
as defined in Claim 6, wherein said format

information is a sync byte of a transport packet.

T
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8. A digital data recording/reproduction apparatua
as defined in Claim 6, wherein said format

information :is time information.

9. A digit%al data recording/reproduction apparatus
as defined§ in any of Claims 6 to 8, further
comprising:

a digitaél broadcast receiver for receiving a digital
broadcast; a_znd

a controller for controlling the file structure
management unit, according to accounting
inf-ormation' which indicates whether the received
digital broadcast is a fee-charged one or not;

wherein, when an abend of data recording occurs
during reception of a fee-charged digital broadcast,
the controller discards the recorded data after
recovery froém the abend so that accounting is not

performed o;p the digital broadcast.
!

10. A digit;lsl data recording/reproduction apparatus
for record%ing and reproducing digital data,
comprising:

a plurality of disk storage units in which digital
data are recbrded; and

a file structure management unit for recording a
cluster digifal data is stored and a file allocation
table for managing information about connection of
the cluster'to any other clusters, in different disk

storage units.
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An objefct of the present invention is to provide a
method and an apparatus for recording and
reproducing digital data, which are able to prevent
destruction of file and loss of data when an abend
such as a power failure occurs during recording or
reproduction of digital data on a disk recording
medium, :

The present invention is provided with a file
structure rxianagement unit 25 and a file recbvery
unit 26. ':E‘he file structure management unit 25
records digiital data in a disk recording medium
having a file structure in which recordable clusters
are connectied. When an abend occurs during data
recording, the file recovery unit 26 constitutes, as a
recorded fiie, the digital data which has been
recorded from the start of data recording to the
abend, on the basis of format information of data,

after recovefy from the abend.



