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INFORMATION RECORDER, RECORDING
METHOD, AND RECORDING MEDIA

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to a data recording system, a
data recording method, and a recording medium.

BACKGROUND ART

In a conventional video system, recorded audio-visual
(AV) data are edited through the following processes. The
video system employs a reproduction system for reproduc-
ing the recorded AV data and a recording system for record-
ing the AV data reproduced by the reproduction system.
Desired portions of the AV data are recorded on the record-
ing system while the AV data are reproduced by the repro-
duction system. For example, when an attempt 1s made to
create a digest of certain AV data, the AV data are edited
through the processes mentioned above. For example, as
shown 1n FIG. 21, when an attempt 1s made to create a new
video {ile from a portion of a first video file including first
video data and a portion of a second video file including
second video data, there 1s a necessity for producing a dupli-
cate of the corresponding portion of the first video file and a

duplicate of the corresponding portion of the second video
file.

According to the standards for an existing mini disk
(MD), audio data are not recorded on a track 1n adjacent
locations but are discretely recorded on the track in record-
ing units, each comprising a predetermined amount of data.
In order to reproduce a string of data from the discrete data
sets, there 1s provided a management table for use in linking
the discrete data sets together. The reproduction system
accesses the discrete data 1n the sequence written 1n the man-
agement table, to thereby enable reproduction of sequential
sound.

In the above-described conventional video system, editing,
of recorded AV data involves use of two VCRs. Further,
since AV data must be duplicated while editing, an addi-
tional recording area for recording the duplicate of the AV
data 1s required.

According to the existing MD standards, each of the
linked data sets assumes a predetermined amount of
recorded data, and only a single management table 1is
assigned to a mim disk. If other data are overwritten on a
disk on which data have already been recorded, the existing
management table must be rewritten. Thus, only single link
data are available. For these reasons, 1n order to edit data, the
data must be duplicated as 1n the conventional video system.
A significant problem 1s not encountered in a case where
there 1s little necessity for editing data, such as the case of an
MD. In contrast, 1in the case of AV data, it 1s expected that
there 1s an increasing user demand for creating a digest of
certain AV data.

Further, the conventional file system can share a file but
cannot share a portion of a file.

The present invention is directed to an system and method
for enabling easy editing of AV data. Particularly, the object
of the present invention 1s to provide a data recording
system, a data recording method, and a recording medium,
wherein AV data can be readily edited without mnvolvement

10

15

20

25

30

35

40

45

50

55

60

65

2

of duplication of the AV data and without a necessity for an
addition data recording area.

SUMMARY OF THE INVENTION

The present invention has been concerved to solve the
foregoing problem. According to a first aspect of the present
invention, there 1s provided a data recording system for
recording primary data, comprising:

a recording section for recording primary data; and

a control section which generates an original file at the

time of recording of the primary data, and a virtual file
through editing of the original file, wherein the original
file stores link data which are formed by arranging 1n
sequence address data for reproduction purposes stored
in a recording region on a recording medium, and the
virtual file stores link data which are formed by arrang-
ing in sequence address data for reproduction purposes
stored 1n the recording region on the recording medium.

In this data recording system, when the recording section
records primary data, the control section generates an origi-
nal file. Further, through editing of the origial file, a virtual
file 1s prepared. Through use of the virtual file having the
edited link data stored thereon, a plurality of files can access
at least a portion of the primary data. As a result, for
example, editing of the primary data, such as preparation of
a digest of the primary data, becomes feasible, thereby
climinating a necessity for use of two VCRs. Further, the
primary data are managed 1n the form of only files, thus
climinating a necessity for ensuring a region for use 1n
recording a duplicate of the primary data.

According to a second aspect of the present invention, the
control section prepares a virtual file by editing the original
file and/or the virtual file. A virtual file can be formed not
only from the original file but also from another virtual file.

According to a third aspect of the present invention, there
1s provided a data recording system for storing primary data,
comprising:

a recording section for recording primary data; and

a control section for preparing a file at the time of record-

ing of the primary data, wherein the file stores, 1n the
form of a logical address, link data which are formed by
arranging in sequence address data for reproduction
purposes stored 1n a recording region on a recording
medium.

In this data recording system, the file 1s prepared when the
recording section records the primary data. As a result of a
new file being prepared by editing the file, editing or repro-
duction of the primary data; for example, preparation of a
digest of the primary data, becomes feasible, thereby elimi-
nating a necessity for use of two VCRs. Further, there 1s
climinated a necessity for ensuring a region for use 1in
recording a duplicate of the primary data.

According to a fourth aspect of the present invention, the
control section edits the original file that 1s prepared at the
time of recording of the primary data, thereby resulting in
preparation of a new file; that 1s, a virtual file. Further, a new
virtual file 1s prepared by editing an existing original file
and/or an existing virtual file. Reserving of the thus-prepared
virtual file enables editing of the primary data; for example,
preparation of a digest of the primary data.

According to a fifth aspect of the present invention, the
virtual file comprises at least a portion of address data per-
taining to a file which 1s used as a source for editing.

According to a sixth aspect of the present invention, the
control section prepares a new file on the basis of a plurality
of files. A new single file can be prepared through editing of
a plurality of files.




US RE41,082 E

3

According to a seventh aspect of the present invention, the
address data correspond to address data stored in respective
unit recording regions which are formed by dividing the
recording medium into a plurality of recording regions.

According to an eighth aspect of the present mvention, 3
when any of existing files 1s deleted, the control section
deletes the file. When a portion of any one of existing files 1s
deleted, the control section deletes from the file one or a
plurality of address data sets pertaining to the file. In this
way, any one of existing files or a portion of thereof can be 10
deleted by deletion of only one or a plurality of address data
sets pertaining to the file.

According to a ninth aspect of the present invention, the
control section prepares a link count table for managing the
number of times files refers to each of unit recording regions 15
into which the recording region on the recording medium 1s
divided. Further, the control section updates data pertaining
to the prepared link count table or pertaining to a link count
table read from the recording medium, through editing and/
or deletion of the files. Reserving the link count table 20
cnables management of the respective unit recording
regions. For example, the unit recording region assigned ref-
erence number 0 can be released as a recordable region.

According to a tenth aspect of the present invention, the
unit recording region assigned reference number 0 1n the link 25
count table 1s handled as a recordable region. When the
original file prepared at the time of recording of the primary
data or a portion of the original file 1s deleted, the control
section resets to zero the reference number assigned 1n the
link count table to the corresponding unit recording regions 30
to be deleted. In contrast, when the virtual file prepared by
editing the existing file or a portion of the virtual file 1s
deleted, the control section decrements the reference number
assigned 1n the link count table to the corresponding unit
recording regions to be deleted. As a result, there can be 35
performed processing required for distinguishing the origi-
nal file from the virtual file, processing for handling the
virtual file as being 1n a hierarchy level lower than the origi-
nal file, and processing for deleting the virtual file.

According to an eleventh aspect of the present mnvention, 40
when a certain original file or a portion of the original file 1s
deleted, another virtual file referring to the corresponding
unit recording region to be deleted 1s corrected. As a result of
correction of another virtual file, another virtual file refer-
ring to the corresponding unit recording region to be deleted 45
can be prevented from being affected by deletion of the cer-
tain original file.

According to a twelfth aspect of the present invention, the
unit recording region assigned reference number 0 1n the link
count table 1s handled as a recordable region. When a certain 50
file 1s wholly or partially deleted, the control section decre-
ments the reference number assigned in the link count table
to the corresponding unit recording regions to be deleted,
regardless of whether the file to be deleted 1s an original file
prepared at the time of recording of primary data or a virtual 55
file prepared by editing an existing file. As a result, there can
be pertormed processing required for executing a deleting
operation, wherein the orniginal file and the virtual file are
handled as being of the same hierarchical level.

According to a thirteenth aspect of the present invention, 60
when overwriting of the entirety of a certain existing {ile or
overwriting ol a portion of the file 1s mstructed, the control
section prepares a new file with regard to the thus-
overwritten primary data, and corrects the link data stored 1n
the existing files or deletes the existing files. As a result, 65
processing required for performing an overwriting operation
can be carried out.

4

According to a fourteenth aspect of the present invention,
the control section prepares a title set file for storing the
address data pertaining to the files and corrects the title set
file 1n response to preparation or deletion of the files.

Reserving of the title set file enables management of the
respective files and provides immediate access to the link
data pertaining to the respective files.

According to a fifteenth aspect of the present ivention,
the data recording system writes at predetermined timing
into the recording medium data pertaining to the generated,
corrected, and deleted files, data pertaining to the link count
table, and data pertaining to the title set file. At the time of
reproduction of the recorded primary data, the data pertain-
ing to the files, the data pertaining to the link count table, and
the data pertaining to the title set file are read from the
recording medium, and the primary data can be reproduced
according to the thus-read data.

According to a sixteenth aspect of the present invention,
the data recording system reads from the recording medium
data pertaining to the files, data pertaining to the link count
table, and data pertaining to the title set file, all of which are
written into the recording medium by the data recording
system, and stores the thus-read data into a storage section of
the data recording system. As a result, the primary data can
be reproduced according to the data pertaining to the files,
the data pertaining to the link count table, and the data per-
taining to the title set file, all the data sets being stored in the
storage section.

According to a seventeenth aspect of the present
invention, the data recording system records primary data on
and reproduces primary data from unit recording regions
which are formed by dividing a recording region on a
recording medium 1nto a plurality of sub-divisions. Data per-
taining to a reproduction start frame and a reproduction end
frame of each unit recording region are stored in the file.
Even when the data are recorded or reproduced on a per-
unit-recording-region basis, data can be edited from an arbi-
trary position (frame).

According to an eighteenth aspect of the present
invention, the data recording system records primary data on
and reproduces primary data from unit recording regions
which are formed by dividing a recording region on a
recording medium 1nto a plurality of sub-divisions. Given
that the minimum rate at which the data recording system
transfers data to the recording medium 1s Be, a bit rate at
which data are reproduced 1s Bd, a time required from the
time a head has made a maximum jump over the recording
medium to the time first actual data are acquired 1s Tw, and
the amount of data stored on the unit recording region 1s C,
recording or reproduction of data 1s performed so as to sat-
1s1y the relational expressions (Be-Bd)*Ts>Bd* 1w, Ts=C/
Be, and Be>Bd. In this data recording system, according to
the above relational expressions, data having the amount of
(Be-Bd)Ts are stored during period T's. The thus-stored data
are greater in amount than data 1n the amount of Bd*Tw and
are reproduced in Tw, which 1s a time required from the time
a head has made a maximum jump over the recording
medium to the time first actual data are acquired. Even 1f the
head makes a jump between the mner periphery and the
outer periphery of the recording medium, the data can be
stably recorded or reproduced without interruption.

According to a nineteenth aspect of the present invention,
there 1s provided a data recording method for recording pri-
mary data on a recording medium, comprising;:

a step ol generating link data by arranging in sequence
address data for reproduction purposes stored in a

recording region on the recording medium;
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a step of editing existing link data, to thereby generate
link data which differ from the existing link data and

sequentially comprises address data for reproduction;
and

a step ol recording the respective link data sets on the
recording medium.

Through use of the edited link data, a plurality of link data
sets can access at least a portion of the primary data. As a
result, for example, editing of the primary data, such as
preparation of a digest of the primary data, becomes
feasible, thereby eliminating a necessity for use of two
VCRs and a necessity for ensuring a region for use 1n record-
ing a duplicate of the primary data.

According to a twentieth aspect of the present invention,
there 1s provided a method of discretely recording primary
data on a recording medium, wherein new link data for link-
ing together recording packets according to the recording of
the primary data are prepared separately from the existing
link data, and the new link data are recorded on the recording
medium together with the existing link data. As a result,
various programs can be prepared by means ol new link
information every time link information 1s recorded.

According to a twenty-first aspect of the present
invention, when new data are written over the existing
recording packet, the link to the recording packet on which
the new data are written 1s deleted from the existing link
data. Under this data recording method, when new data are
written over the existing recording packet, the link to the
recording packet on which the new data are written 1s
deleted from the existing link data, thereby preventing speci-
fication of new recording data from entering into the existing
link data.

According to a twenty-second aspect of the present
invention, a link count table for managing the number of
linked recording packets 1s also recorded on the recording
medium. With the foregoing configuration of the data
recording method, vacant recording packets can also be
managed simultaneous with managing of the linked record-
ing packets. Accordingly, additional recording of data on
vacant recording packets can be carried out smoothly.

According to a twenty-third aspect of the present
invention, there 1s provided a recording medium having prin-
cipal data recorded thereon and storing;:

an original file which 1s prepared at the time of recording
of the primary data and stores link data which are
formed by arranging in sequence address data for
reproduction purposes stored 1n a recording region on a
recording medium; and a virtual file which 1s prepared
through editing of the original file and stores link data
formed by arranging in sequence address data for
reproduction purposes stored in the recording region on
the recording medium.

Data are reproduced according to the original file or the
virtual file stored in the recording medium, thereby enabling,
reproduction of data in various modes, such as a full-
reproduction mode or a digest reproduction mode. Further,
the data are managed in the form of files, and hence the
recording region on the recording medium can be effectively
utilized.

According to a twenty-fourth aspect of the present
invention, there 1s provided a recording medium having pri-
mary data recorded thereon and storing;:

a file which 1s prepared the time of recording of the pri-
mary data and stores, 1n the form of a logical address,
link data formed by arranging 1n sequence address data
for reproduction purposes stored 1n a recording region
on a recording medium. Preparation of a new file by
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editing the file enables editing or reproduction of the
primary data; for example, preparation of a digest of the
primary data. Data can be reproduced 1n various modes,
such as a full-reproduction mode or a digest reproduc-
tion mode. Further, the data are managed 1n the form of
files, and hence the recording region on the recording
medium can be effectively utilized.

According to a twenty-fifth aspect of the present

invention, the recording medium stores

a new file which 1s prepared through editing an existing
file and stores, 1n the form of a logical address, link data
formed by arranging in sequence address data for
reproduction purposes stored in the recording region on
the recording medium. Data are reproduced according
to the original file or the virtual file stored 1n the record-
ing medium, thereby enabling reproduction of data 1n
various modes, such as a full-reproduction mode or a
digest reproduction mode.

According to a twenty-sixth aspect of the present
invention, the recording medium has stored thereon data per-
taining to a title set file for storing the address data pertain-
ing to the files, and data pertaining to a link count table for
managing the number of times files refers to each of umit
recording regions into which the recording region on the
recording medium 1s divided. Reserving of the link count
table enables management of the respective unit recording,
regions. For example, the unit recording region assigned ret-
erence number 0 can be released as a recordable region, and
the link data pertaining to the respective files can be
accessed immediately.

According to a twenty-seventh aspect of the present
invention, there 1s provided a recording medium having prin-
cipal data discretely recorded thereon, wherein there are pro-
vided a plurality of types of link data sets for use in linking
together respective discretely-recorded recording packets.
By means of the link data sets, the user can enjoy various
types of reproduction of data; for example, reproduction of
data 1n a full-reproduction mode, a short-time mode, and a
digest mode, by designation of desired link data.

According to a twenty-eighth aspect of the present
invention, the recording medium 1s provided with data per-
taining to a title set file for specitying a start address of each
of the link data sets. By means of the title set file for specity-
ing a start address of each of the link data sets, respectively
link data sets can be immediately accessed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a data recording/
reproduction/editing system according to the present mnven-
tion;

FIG. 2 1s a block diagram showing memory used 1n the
data recording/reproduction/editing system:;

FIG. 3 1s a block diagram showing the configuration of a
management data table;

FIG. 4 1s a conceptual view showing a data format of a
disk;

FIG. 5 15 a descriptive view specifically showing the con-
figuration of the management data table;

FIG. 6 15 a flowchart showing the recording operation of
the data recording/reproduction/editing system;

FIG. 7 1s a flowchart showing the editing operation of the
data recording/reproduction/editing system:;

FIG. 8 1s a flowchart showing the operation of the data
recording/reproduction/editing system when a title 1s wholly
deleted according to a first deleting method;
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FIG. 9 1s a flowchart showing the operation of the data
recording/reproduction/editing system when a portion of a
title 1s deleted according to the first deleting method;

FIG. 10 1s a flowchart showing the operation of the data
recording/reproduction/editing system when a title 1s wholly
deleted according to a second deleting method;

FIG. 11 1s a flowchart showing the operation of the data
recording/reproduction/editing system when a portion of a
title 1s deleted according to the second deleting method;

FI1G. 12 1s a descriptive view showing the configuration of
respective title files for describing the operation of the data
recording/reproduction/editing system;

FI1G. 13 1s a descriptive view showing the configuration of

a management data table used in conjunction with the con-
figuration of title file shown in FIG. 12;

FIG. 14 1s a flowchart showing an overwriting operation
of the data recording/reproduction/editing system:;

FI1G. 15 1s a descriptive view showing the configuration of
respective title files for describing the overwriting operation
of the data recording/reproduction/editing system:;

FIG. 16 1s a descriptive view for describing assurance of
seamless reproduction and recording operations of the data
recording/reproduction/editing system:;

FI1G. 17 1s descriptive view for describing variations in the
volume of buffer at the time of a recording operation;

FIG. 18 1s a descriptive view for describing variations in
the volume of buffer at the time of a reproduction operation;

FIG. 19 15 a descriptive view showing the configuration of
a management data table for describing another feature of
the data recording/reproduction/editing system;

FI1G. 20 1s a descriptive view showing another configura-
tion of the data management table; and

FIG. 21 1s a descriptive view for describing an editing
method employed 1n a conventional video system.

BEST MODE FOR WORKING THE PRESENT
INVENTION

As shown 1n FIG. 1, a data recording/reproduction/editing
system A serving as a data recording system according to the
present 1nvention comprises a recording signal processing
section 10, a magnetic head drive circuit 12, a magnetic head
14, an optical (pickup) head 16, a spindle motor 18, a servo
20, a reproduction signal processing section 22, a monitor
24, buffer memory 26, a system controller 28, an external
instruction section 30, and memory 32.

The data recording/reproduction/editing system A records
audio-visual (AV) data serving as primary data on an optical
magnetic disk 40 (hereinafter referred to simply as a “disk™)
serving as a recording medium. The data recording/
reproduction/editing system A can reproduce AV data
recorded on the magnetic disk 40 and also edit the AV data.

The digital recording processing section 10 subjects AV
data input from the outside to an encoding operation, addi-
tion of an error correction code, and a digital modulation
operation. The magnetic head drive circuit 12 drives the
magnetic head 14 according to a signal sent from the record-
ing signal processing section 10 by way of the builer
memory 26. The magnetic head 14 magnetizes a recording
f1lm placed on the disk 40 and 1s used for recording AV data
on the recording film. The optical head 16 has a semiconduc-
tor laser. At the time of recording, a laser beam 1s emitted
from the semiconductor laser. At the time of reproduction, a
laser beam 1s radiated onto the disk 40, and light reflected
from the disk 40 1s received by the optical head 16. A head
17 1s constituted by the magnetic head 14 and the optical
head 16.

10

15

20

25

30

35

40

45

50

55

60

65

8

The spindle motor 18 rotatively drives the disk 40 at a
predetermined rotational speed, and the servo 20 controls the
number of rotations of the spindle motor 18 and efifects servo
control operations such as a focusing servo operation, a
tracking servo operation, a spindle servo operation, and a
thread servo operation. The reproduction signal processing
section 22 subjects the signal read from the bufler memory
26 to digital demodulation, error correction, or decoding.
The monitor 24 outputs, in the form of an 1mage or sound,
the signal processed by the reproduction signal processing
section 22.

The bulfer memory 26 records the AV data onto the disk
40 and temporarily stores AV data when the AV data are
reproduced from the disk 40. The system controller 28 con-
trols the overall data recording/reproduction/editing system;
1.e., operation ol individual sections of the data recording/
reproduction/editing system A. The external instruction sec-
tion 30 1s used when the user performs various operations.

As shown 1n FIG. 2, the memory 32 has a program storage
section 34 and a management data table storage section 36.
The program storage section 34 stores an application pro-
gram which governs the operation of the data recording/
reproduction/editing system A. More specifically, the pro-
gram storage section 34 stores a program for executing
operations pertaining to a tlowchart shown in FIGS. 6
through 11. The management data table storage section 36
stores a management data table to be described later.

The magnetic head drive section 12, the head 17, and the
servo 20 act as a recording section, and the system controller
28 acts as a control section.

A data format of the disk 40 will now be described.

As shown 1n FIG. 4, main storage of the disk 40 1s divided
into blocks; that 1s, N containers 100 (where N 1s a natural
number). Each container 100 constitutes a data block com-
prising a predetermined number of bits. Preferably, the num-
ber of bits corresponds to the amount of data whose record-
ing and reproduction requires a few seconds. The container
100 corresponds to a unit recording region. In the data
recording/reproduction/editing system, AV data are sub-
jected to editing, such as recording of the AV data on the disk
40 or reproduction of the AV data from the disk 40, on a
per-container basis. A management region used for record-
ing the management data table 1s ensured along the inner-
most periphery of the disk 40.

The structure of data provided in the management data
table will now be described.

As shown 1n FIG. 3, the management data table 200 com-
prises a title set file 202, a title file 204, and a link count table
206.

The title set file 202 manages a title file and comprises
header information and start addresses of respective title
files. For example, a title set file which 1s shown 1n FIG. 5
and enfitled “Title O Descriptor” stores a start address of a
title file 204-1. FIG. 5 1s a diagram conceptually showing a
specific example of the management data table.

The title file 204 stores link data pertaining to the title file.
More specifically, as shown 1 FIG. 35, the title file 204
sequentially stores header data and address data pertaining
to starting positions of respective containers on the disk 40
(heremafiter referred to simply as “container address data™).
For instance, address data pertaining to the head sector of a
container are stored in the title file 204. The address data are
defined as a logic address. The address data are used for
reproducing AV data and the address data pertaining to the
respective containers are arranged 1n sequence of reproduc-
tion. In short, data pertaining to a sequence (or link) in which
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AV data are stored in the container 100 are reproduced. The
title file corresponds to a term “file’” used in the disclosure of
the invention and claims appended hereto.

For example, 1n the title file 204-1, container numbers are
specified 1 sequence ol C2—=(C4—C5, to thereby specily
sequence ol reproduction. In the title file 204-1 shown 1n
FIG. 5, “pointer 0 designates address data pertaining to
container C4. In thus way, the corresponding linked contain-
ers are specified for each title file, with the result that one AV
program 1s composed for each title file. The header data
comprise data pertaiming to a title and data pertaiming as to
whether the file 1s an original file or a virtual file. The origi-
nal file and the virtual file will be described later. A plurality
of title files can be retained for a single title set file 202.

The containers managed under the title file may involve an
overlap within a single title file or an overlap between ftitle
files. For example, as shown in FIG. 35, container C4 1s
referred to by the title file 204-1 of title O and a ftitle file
204-2 of title 1. This case corresponds to a container which
involves overlap between container between the title files.
Alternatively, after a certain container has been specified by
a certain title file, the container may be specified again.

The title file may be divided into an original file and a
virtual file. The original file 1s produced or prepared when
AV data are recorded. In contrast, a virtual file 1s prepared or
produced aiter recorded AV data have been subjected to edi-
tion processing to be described later.

The link count table 206 shows the number of times title
files refer to an 1individual container (heremaiter referred to
simply as a “reference number”). If the reference number of
a certain container 1s 0, the container can be recorded. In
FIG. 5, no title file refers to container C1 as well as to C3.
The reference number of a container assumes a value of 0
when no AV data have been recorded 1n a container at any
time or when the user has deleted recorded data from a con-
tainer. The operation of deletion will be described later. In a
case where the reference number of a certain container has a
value of one or more, the container 1s referred to by at least
any one ol the title files and constitutes a program.
Theretfore, such a container cannot be recorded. In FIG. 5,

for example, two title files refer to container C4, and hence
the reference number of container C4 1s 2.

As mentioned above, the management data table manages
the sequence of reproduction of containers and enables
reproduction of the images and/or sounds desired by the
user.

When a disk having the management data table recorded
thereon 1s loaded to the data recording/reproduction/editing,
system A, the management data table 1s read first and stored
in the memory 32.

Next, the operation of the data recording/reproduction/
editing system A will be described.

First, by reference to FIG. 6 and like drawings, an expla-
nation 1s given ol recording of AV data to the disk 40.
Although various types of AV data are concetvable as AV
data to be recorded, AV data pertaining to a broadcast, for
example, are employed.

The user instructs recording by way of the external
instruction section 30 (S10), and the system controller 28
refers to the link counter table 206 stored 1n the memory 32
and ensures a recordable region (S11). In other words, the
system controller 28 finds a container to which no ftitle file
refers. When the disk 1s loaded into the data recording/
reproduction/editing system A, data pertaining to the man-
agement data table stored 1n the disk 40 are read and stored
into the memory 32. In the case of a virgin disk having no
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data recorded thereon, since a management data table 1s not
recorded, data can be sequentially recorded on the disk from
the first container. If the loaded disk 40 1s a virgin disk and
data pertaining to a management data table are not read from
the disk 40, a link count table in which all the reference
numbers of containers have a value of 0 1s retained 1n the
memory 32. Simultaneously, a title set file having no data
recorded therein 1s retained 1n the memory 32. AV data are
then sequentially recorded on recordable containers (S12).

At the time of recording of data, the following recording
operations are performed. In the recording signal processing
section 10, AV data mput from the outside are subjected to
an encoding operation, addition of an error correction code,
and a digital modulation operation. The thus-processed AV
data are written 1n the buifer memory 26. The buller memory
26 performs a bullering operation so that the AV data can be
recorded on the disk 40 on a per-container basis. More
specifically, an AV data transier rate (corresponding to a rate
at which AV data are written into the buifer memory 26) 1s
set so as to be higher than a rate at which AV data are
recorded on the disk 40 or a rate at which AV data are repro-
duced from the disk 40 (corresponding to a rate at which AV
data are reproduced from the bufler memory 26). The AV
data are consecutively written into the buffer memory 26,
whereas the AV data are mtermittently read from the butler
memory 26. The thus-read AV data are input to the magnetic
head drive circuit 12 and are recorded on the disk 40 on a
per-container basis through use of the magnetic head 14 and
the optical head 16.

In step S11, since the system controller 28 is retrieving a
recordable container by reference to the link count table 206,
the system controller 28 controls the servo 20 such that the
AV data are recorded in a container to which no ftitle file
refers.

Next, the user instructs termination of recording (S13),
and the recording operation 1s terminated (S14). The link

count table 1s updated, a title file 1s generated, and the title
set file 1s updated (S15).

In the link count table 206, the container on which AV
data are newly recorded 1s assigned 1 as a reference number.

A new ftitle file 1s generated, and header data pertaiming to
the title file are generated according to details (for example,
a title) specified by the user by way of the external mstruc-
tion section 30. Data pertaining to the start address of the
container on which AV data are recorded are added to the
header data as a sequential pointer. A specific symbol 1s
embedded as a final pointer 1n a final container so that the
container can be identified as the final container. The title file
that has been subjected to such a recording process 1s taken
as an original file. Preferably, data indicating that the title file
1s an original file are written into the header data pertaining
to the title file. The process for generating, at the time of
recording of principal data, such an original file corresponds
to a “process for generating link data which comprise
address data for reproduction purposes arranged 1n sequence
in a recording area of a recording medium.”

The start address of a new title file 1s stored 1n the title set
file as a “title ‘n” descriptor.”

For example, as shown in FIG. 12, when AV data are
recorded on containers C1 to C10, all of which are assigned
0 as a reference number, containers C1 to C10 are written as
link data 1nto a title file to be newly produced (this title file 1s
taken as a zero-th title file). The zero-th title file shown 1n
FIG. 12 corresponds to an original file. At a point in time
when only the zero-th title file 1s produced, containers C1 to
C10 1n the link count table are assigned 1 as a reference
number.
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If termination of recording 1s 1nstructed at any point of a
certain container, recording 1s continued to some extent even
after instruction for termination ol recording, because
recording 1s elfected on a per-container basis.

Data pertaining to the title file produced through
recording, an updated ftitle set file, and a updated link count
table; that 1s, data pertaining to a management data table, are
written 1nto a management region along the imnermost
periphery of the disk according to an instruction for removal
of the disk. The process for writing title file data corresponds
to a “process for recording link data onto a recording
medium.” In the case of a virgin disk, a title set file and a link
count table, as well as title file data, are newly written into
the management region. Although a single title set file 1s
suificient for recording a management information table on a

certain disk, a plurality of title set files may also be written
on the disk.

If recording 1s terminated at any point of a certain
container, the remaining area ol the container must be
padded, because data are recorded on a per-container basis
in the present embodiment. The processing relating to step
S15 may be performed not after recording of data but during
the course of recording of data.

The operation of the data recording/reproduction/editing,
system A at the time of edition of AV data recorded on the
disk 40 will now be described by reference to FIG. 7 and like
drawings. The following editing operation can be employed
in, for example, a case where a digest of AV data pertaining
to a certain program 1s created.

By way of the external instruction section 30, the user
selects one of the reserved title files (S20). For example,
according to the management data table stored in the
memory 32, a list of tatle files 1s displayed on the monitor 24,
and the user selects an arbitrary title file from the list by way
of the external mstruction section 30. At the time of 1ndica-
tion of the title file list, the system controller 28 reads data
(e.g., atitle) reserved 1n the header data pertaining to the title
file from the memory 32 and displays the thus-read data on
the monitor 24.

The user then specifies an editing start point (S21).
Specifically, 1t 1s contemplated that while AV data are repro-
duced according to the link data pertaining to a selected title
file, the user performs specilying action at a desired editing
start point by way of the external instruction 30. Next, the
user specifies an editing end point (S22). Specifically, 1t 1s
contemplated that while AV data are reproduced according
to the link data pertaining to the selected title tile, the user
performs speciltying action at a desired editing end point.
Alternatively, an editing start point and an editing end point
may be determined on the basis of a time that 1s to lapse from
the start of a recording area or on the basis of the amount of
data from the start of a recording area. I1 the user specifies an
editing start point or an editing end point at halfway position
in a certain container, containers corresponding to the thus-
specified editing start and end points may be included as
containers to be subjected to editing. Alternatively, at an
editing start time, a container aiter the container correspond-
ing to the editing start time may be subjected to editing, and
a container before the container corresponding to the editing
end time may be subjected to editing.

The user determines whether to edit another portion with
regard to the same title file (S23). If another portion 1s edited
with regard to the same title file, processing returns to step
S21. In contrast, if the user does not edit any other portion
with regard to the same title file, the user determines whether
to edit another title file (S24). I the user edits another title
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file, processing returns to step S20, where the user can edit a
plurality of title files, as well as a plurality of containers with
regard to the same title file. IT the user does not edit any other
tile file 1 step S24, the link count table 1s updated, a title file
1s generated, and the title set file 1s updated (525).

In the link count table, the reference number of each of the
containers to which the title file has newly referred 1s incre-
mented by one. If a new title file refers to a certain container
a plurality of times, the reference number of the container 1s
incremented by an amount corresponding to the number of
times the container has been referred to.

A new title file 1s generated 1n the memory 32, and header
data pertaining to the title file are produced according to
details (for example, a title) specified by the user by way of
the external instruction section 30. The address data pertain-
ing to the container that has been edited 1s added to the
header data as a sequential pointer. The address data pertain-
ing to the container may be selected from the data reserved
in the title file selected 1n step S20. More specifically, the
address data pertaining to the container are formed from at
least a portion of a series of address data sets reserved 1n the
title file which 1s used as a source for editing. A special
symbol 1s embedded as a final pointer 1n a final container so
that the container can be 1dentified as the final container.

The start address of a new title file 1s stored 1n the title set
file as a “title ‘n” descriptor.”

Processing pertaining to a flowchart shown in FIG. 7 1s
essentially controlled by the system controller 28 according
to a program reserved in the memory 32.

For example, in an example shown in FIG. 12, a first title
file 1s produced through the following processing operation.
Specifically, the zero-th title file 1s selected, and starting of
editing 1s instructed at the position of container C3 (S21).
Termination of editing is mnstructed at the position of con-
taimner C5 (S22). In order to edit containers C8 to C10, pro-
cessing again returns to step S21 from step S23, thus speci-
tying containers C8 to C10. Since no other title file 1s edited
in step S24, processing proceeds to step S25. At a point 1n
time when the zero-th title file and the first title file are
produced, the reference number assigned to containers C3 to

C5 and C8 to C10 1n the link count table 1s 2.

In the example shown 1n FIG. 12, the second title file 1s
produced through the following processing. First, the zero-th
title file 1s selected (S20), and containers C1 and C2 are
specified (S21 and S22). In order to edit the first title file,
processing returns to step S20 from steps S23 and S24. The
first title file 1s then selected. Subsequently, containers C8 to
C10 are specified (S21 and S22), and processing proceeds to
steps S23, S24, and S25. At a point 1n time when the zero-th
title file, the first title tile, and the second title file are
produced, the reference number assigned to each of contain-
ers C1 to C5 1n the link count table becomes 2. The reference
number assigned to each of containers C8 to C10 becomes 3.
Although 1n the foregoing description at the time of editing
of containers C8 to C10 i the second title file the first title
file 1s edited first, the zero-th title file may be edited first.

The first and second title files shown 1n FI1G. 12 are virtual
files. Preferably, data indicating that title files are virtual files
are written 1 header data pertaining to the respective title
files. The process for generating such virtual files corre-
sponds to a “process for generating link data which differ
from existing link data and comprise reproduction address
data sets arranged 1n sequence in a recording area of a
recording medium, by editing of existing link data.”

Updating of the link count table in step S25 or updating of
a title set file 1 step S25 may be sequentially performed
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during editing. In the present embodiment, AV data are
edited on a per-container basis.

As shown 1n FI1G. 12, in the zero-th title file serving as the
original file, address data are sequentially linked to continu-
ous containers. Even in the original file, naturally there 1s a
case where containers to be linked according to address data
are discretely recorded on the disk. FIG. 12 can be said to
show a plurality of types of link data for linking discretely-
recorded packets together.

In contrast with the foregoing case, 1f the original
sequence of reproduction may be discarded at the time of
editing of AV data, address data pertaining to the title file
may be updated in a newly-edited sequence of reproduction.
In other words, the existing title file 1s replaced with a title
file having new link data. If reproduction of some containers
becomes unnecessary as a result of changing of the sequence
of reproduction to a new sequence of reproduction, the refer-
ence number assigned to those containers in the link count

table 1s decremented. Through the foregoing operations, vir-
tual edition of AV data 1s carried out.

Data pertaining to the title file produced through the fore-
going editing operations and data pertaining to the updated
title set file and the updated link count table are written 1nto
the management region along the innermost periphery of the
disk according to an instruction for removal of the disk. The
processing for writing data onto the title file corresponds to a
“process for recording link data on a recording medium.” In
a disk which has been found not to have a title set file or a
link count table recorded thereon at the time of being loaded
into the data recording/reproduction/editing system A, a tile
set file and a link count table are also newly written into the
management region.

The operation of the data recording/reproduction/editing
system A when the AV data recorded on the disk 40 are
reproduced will now be described.

First, the user selects one title file to be reproduced from
among the reserved title files, by way of the external mstruc-
tion section 30. For example, according to the management
data table reserved in the memory 32, a list of title files are
displayed on the momitor 24, and the user selects an arbitrary
title file by way of the external mstruction section 30.

Data indicating which of the title files 1s selected are sent
from the external instruction section 30 to the system con-
troller 28, and the system controller 28 controls the servo 20
sO as to access a predetermined container on the basis of the
address data pertaining to a container stored 1in the selected
title file. The servo 20 controls the optical head 16 and the
spindle motor 18. The optical head 16 emits a laser beam and
receives light reflected from the recording surface of the disk
40, to thereby read the AV data recorded on the disk 40. For
example, 1n the example shown 1 FIG. 12, 1n a case where
the first title file 1s selected, AV data are read out from con-
tainers 1n the sequence of C3, C4, C5, C8, C9, and C10. If an
instruction for specitying a title file to be reproduced 1s not
entered by way of the external mstruction section 30, a title
file located at the head of the title set file 1s reproduced. For
example, 1 the case shown in FIG. §, according to the
address data reserved 1n the title file 204-1 of title O, contain-
ers are accessed from the top 1n sequence of point 0, pointer
1, pointer 2, . . ..

The thus-read AV data are temporarily stored in the bufler
memory 26. At this time, the rate at which the AV data are
written into the buffer memory 26 and the rate at which the
AV data are read from the buifer memory 26 are switched in
relation to the case at the time of recording. Specifically, the
AV data are intermittently written into the buffer memory 26

5

10

15

20

25

30

35

40

45

50

55

60

65

14

at the rate at which the AV data are recorded on or repro-
duced from the disk 40 (corresponding to the rate at which
the AV data are written 1nto the buifer memory 26), and the
AV data are read from the buifer memory 26 at a rate at
which the AV data are transierred (corresponding to a rate at

which the AV data are read from the buifer memory 26).

The AV data read from the buffer memory 26 are sub-
jected to digital demodulation, error correction, and decod-
ing in the reproduction signal processing section 22, and the
thus-processed data are output by way of the monitor 24.

An explanation will now be given of deletion of a tatle file
or erasure of a portion of a title file.

Two methods are concervable for deleting a title file or a
portion of a title file. According to a first deleting method, an
original file 1s distinguished from a virtual file. The virtual
file 1s handled as being of a lower hierarchical level than the
original file. When the original file 1s deleted, a portion of the
virtual file which 1s referred to 1s also deleted. According to a
second deleting method, an original file and a virtual file are
handled as being of the same hierarchical level. Even 11 the
original file 1s deleted, a portion of the virtual file which 1s
referred to 1s not deleted.

The first deleting method will now be described. Deletion
of a title file on a per-title basis will first be described by
reference to FI1G. 8 and like drawings.

The user selects one of the reserved title files and 1nstructs
deletion of the thus-selected title file by way of the external
instruction section 30 (S30). For example, according to the
management data table reserved 1n the memory 32, a list of
title files 1s displayed on the monitor 24. By way of the
external mstruction section 30, the user selects an arbitrary
title file and 1nstructs deletion of the thus-selected title file.
At the time of indication of the list of title files, the system
controller 28 reads from the memory 32 data (e.g., a title)
reserved 1n the header data pertaiming to the title file and
displays the thus-read data on the monitor 24.

A determination 1s then made as to whether or not the
selected title file 1s an oniginal file or a virtual file (S31).
Since the data indicating whether the title file 1s an original
file or a virtual file are stored 1n the header data pertaining to
the title file, the system controller 28 can make a determina-
tion on the basis of the data. If the title file 1s determined to
be an original file, processing proceeds to step S32. In
contrast, 1f the title file 1s determined to a virtual file, pro-
cessing proceeds to step S36.

In step S32, the specified title file 1s deleted from the
memory 32.

Subsequently, the title set file 202 1s corrected (S33).
Specifically, data pertaining to a title file to be deleted are
deleted

Further the link count table 206 is corrected (S34). The
reference number assigned to the containers to which the
deleted title file has referred 1s reset to 0, and these contain-
ers are opened as recordable areas.

The title file of a virtual file which refers to any portion of
the deleted title file 1s corrected or deleted (533). If a certain
title file refers to only a container referred to by the title file

to be deleted, the title file 1s deleted. Alternatively, if a cer-
tain title file refers to a container to which the title file to be

deleted refers and to another container, the contents of the
title file are corrected.

In contrast, 11 1n step S31 the title file 1s determined to be a
virtual file, processing proceeds to step S36, and the speci-
fied tatle file 1s deleted from the memory 32.

Next, the title set file 202 1s corrected (S37). Data pertain-
ing to the title file to be deleted are deleted.
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The link count table 206 1s corrected (S38). The reference
number assigned to the containers referred to by the deleted
title file 1s decremented by one. If the deleted title file refers
to a certain container a plurality of times, the reference num-
ber assigned to the container 1s decremented by an amount
corresponding to the number of times the container is
referred to. In this regard, the same applies to processing,
pertaining to step S53 to be described later.

Specific processing will be described by reference to the
example shown 1n FIG. 12. In FIG. 12, a third title file 1s an
original file which refers to containers C11 to C13. Further, a
tourth title file 1s a virtual file which refers to containers C7
to C13. Containers C7 to C13 correspond to containers
obtained through editing of the zero-th title file, and contain-
ers C8 to C13 correspond to containers obtained through
editing of the third title file. FIG. 13 shows correspondence
among the link count table, the ftitle set files, and the fitle
files shown 1n FIG. 12. The link count table shown 1n FIG.
13 shows a case where AV data are stored 1n the zero-th title
file to the second title files.

In a case where the zero-th title file 1s deleted, since the
zero-th title file 1s an original file, processing proceeds to
step S32, where the zero-th title file 1s deleted from the
memory 32 (S32). The data pertaining to the zero-th title file
are deleted from the title set file 202 (S33). In the link refer-
ence table, the count number assigned to containers C1 to
C10 1s reset to 0 (S34). Through processing pertaining to
step S35, the first title file and the second title file are deleted
from the memory 32. From the fourth title file, address data
pertaining to containers C7 to C10 are deleted, and address

data pertaining to containers C11 to C13 are stored into the
tourth title file. The third title file 1s left, exactly as 1s.

In a case where the first title file 1s deleted, sine the first
title file 1s a virtual file, processing proceeds to step S36,
where the first title file 1s deleted from the memory 32. Data
pertaining to the first title file are deleted from the title set
file 202 (S37). In the link count table, the reference number
assigned to each of containers C3 to C15 and C8 to C10 1s
decremented by one (S38).

When the third title file 1s deleted, the link data pertaining,
to the fourth title file are corrected to containers C7 to C10.

Deletion of a portion of the title file according to the first
deleting method will now be described by reference to FIG.
9 and like drawings. In this case, not the entirety of a certain
title file 1s deleted, but a portion of a title file 1s deleted. In
this case, there 1s performed processing substantially 1denti-
cal with that employed for deleting a title file on a per-file
basis. The difference between deletion of a title file and dele-
tion of a portion of a title file resides 1n that deletion of a
portion of a title file does not involve an amendment of the
title set file.

First, the user selects one of the reserved ftitle files and
instructs deletion of the thus-selected ftitle file by way of the
external mstruction section 30 (S40). For example, accord-
ing to the management data table stored 1n the memory 32, a
list of title files 1s displayed on the monitor 24, and the user
selects an arbitrary title by way of the external instruction
section 30 and specifies deletion start and end points. Con-
ceivable measures for speciiying the deletion start and end
points 1nclude a method of specifying the deletion start and
end points while AV data are reproduced, and a method of
specilying a deletion start point and a deletion end point on
the basis of a time that 1s to lapse from the start of a record-
ing area or on the basis of the amount of data from the start
of recording area. At the time of indication of the title file
list, the system controller 28 reads from the memory 32 data
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(e.g., a title) reserved 1n the header data pertaining to the title
file and displays the thus-read data on the monitor 24.

A determination i1s then made as to whether or not the
selected title file 1s an original file or a virtual file (541).
Since the data indicating whether the title file 1s an original
file or a virtual file are stored in the header data pertaining to
the title file, the system controller 28 can make a determina-
tion on the basis of the data. If the title file 1s determined to
be an original file, processing proceeds to step S42. In
contrast, 1 the title file 1s determined to be a virtual file,
processing proceeds to step S43.

In step S42, the specified title file 1s corrected. In other
words, the address data pertaining to containers located in
the region to be deleted are deleted.

Further, the link count table 206 1s corrected (S43). The
reference number assigned to the containers located in the
region to be deleted 1s reset to 0, and these containers are
released as recordable areas.

The title file of a virtual file which refers to any portion of
the region to be deleted 1s corrected or deleted (S44). I a
certain title file refers to only the containers located 1n the
region to be deleted, the title file 1s deleted. Alternatively, if a
certain title file refers to containers located in the region to
be deleted and to another container, the contents of the title
file are corrected.

In contrast, 11 1n step S41 the title file 1s determined to be a
virtual file, processing proceeds to step S45, and the speci-
fied title file 1s corrected. In other words, the address data
pertaining to the containers located in the region to be
deleted are deleted.

The link count table 206 1s corrected (5S46). The reference
number assigned to the containers located 1n the region to be
deleted 1s decremented by one. It a certain container located
in the region to be deleted 1s referred to a plurality of times,
the reference number assigned to the container 1s decre-
mented by an amount corresponding to the number of times
the container 1s referred to. In this regard, the same applies to
processing pertaining to step S62 to be described later.

Specific processing will be described by reference to the
example shown in FIG. 12.

In a case where containers C3 and C4 of the zero-th title
are deleted, since the zero-th title 1s the original file, process-
ing proceeds to step S42, where the zero-th title file 1s cor-
rected (542). Specifically, address data pertaining to contain-
ers C3 and C4 are deleted, and address data pertaining to
container CS comes to fall next to the address data pertaining
to container C2. In the link count table, the count number
assigned to containers C3 and C4 1s =reset to 0 (S43).
Through processing relating to step S44, address data per-
taining to containers C2 and C3 are deleted from the first
title file such that the address data pertaining to container C5
comes to fall at the beginming of the first title file. When
containers C3 to C5 of the zero-th title file are deleted, the
address data stored 1n the first title file are also completely
deleted, 1n turn resulting 1n deletion of the first title file 1tself.

In the case of deletion of containers C3 and C4 of the first
title file, since the title file 1s a virtual file, processing pro-
ceeds to step S45, where address data pertaining to contain-
ers C2 and C3 are deleted from the first title file such that the
address data pertaining to container C5 comes to fall at the
beginning of the first title file. In the link count table, the
reference number assigned to containers C3 and C4 1s decre-
mented by one (546).

The second deleting method will now be described. Dele-
tion of a title file on a per-title basis will first be described by
reference to FIG. 10 and like drawings.
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The user selects one of the reserved title files and 1nstructs
deletion of the thus-selected title file by way of the external
istruction section 30 (S30). Even 1n this case, as in the case
of the processing relating to step C30 and C40, according to,
for example, the management data table reserved in the
memory 32, a list of title files 1s displayed on the monitor 24.
By way of the external instruction section 30, the user selects
an arbitrary title file and instructs deletion of the thus-
selected title file. At the time of indication of the list of title
files, the system controller 28 reads from the memory 32

data (e.g., a title) reserved in the header data pertaining to the
title file and displays the thus-read data on the monitor 24.

The specified ftitle file 1s deleted from the memory 32
(S51).

Next, the title set file 202 1s corrected (S52); information
about the ftitle set file which 1s an object of deletion 1s

deleted.

Subsequently, the title set file 202 1s corrected (S53).
Specifically, the reference number assigned to the containers

referred to by the deleted title file 1s decremented by one.
The containers whose reference number becomes 0 as a
result of decrement of the reference number are released as
recordable areas.

According to the second deleting method, since an origi-
nal file and a virtual file are handled as being of the same
hierarchical level, the original file 1s not distinguished from
the virtual file.

Specific processing will be described by reference to the
example shown 1n FIG. 12.

For example, when the zero-th title file 1s selected and
deleted, the zero-th title file 1s deleted from memory 32
(S51). Data pertaining to the zero-th ftitle file are deleted
from the title set file 202 (551). In the link count table, the
reference number assigned to containers C1 to C10 1s decre-
mented by one (S53). As shown 1n FIG. 12, if the zero-th
title file 1s deleted while the zero-th title file through the
fourth title file are recorded 1n the disk, the reference number
assigned to, for example, containers C1 to C5 1s decre-
mented from two to one; the reference number assigned to
container C6 1s decremented to zero; the reference number
assigned to container C7 1s decremented from two to one;
and the reference number assigned to containers C8 to C10
1s decremented from three to two.

Deletion of a portion of the title file according to the sec-
ond deleting method will be described by reference to FIG.
11 and like drawing. In this case, not the entirety of a certain
title file, but a portion of the title file 1s deleted.

Even 1n this case, processing substantially identical with
that used for deleting the entire title file 1s performed. Since,
the entirety of the title file 1s not intended to be deleted, the
processing for deleting a portion of a title file differs from
the processing for deleting the entirety of a title file 1n that a
title set file 1s not corrected.

First, the user selects one of the reserved title files and
instructs deletion of the thus-selected ftitle file by way of the
external mstruction section 30 (S60). For example, accord-
ing to the management data table stored 1n the memory 32, a
list of title files 1s displayed on the monitor 24, and the user
selects an arbitrary title by way of the external instruction
section 30 and specifies deletion start and end points. Con-
ceivable measures for specilying the deletion start and end
points include a method for specitying the deletion start and
end points while AV data are reproduced and a method of
specilying a deletion start point and a deletion end point on
the basis of a time that 1s to lapse from the start of a record-
ing area or on the basis of the amount of data from the start
of recording area.
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The thus-specified title file 1s corrected (S61).
Specifically, the address data pertaining to containers
located 1n the region to be deleted are deleted.

Next, the link count table 206 1s corrected (S62).
Specifically, the reference number assigned to the containers
referred to by the deleted title file 1s decremented by one.
The containers whose reference number becomes 0 as a
result of decrement of the reference number are released as
recordable areas.

Specific processing will be described by reference to the
example shown 1n FIG. 12.

In a case where containers C3 and C4 of the zero-th title
are deleted, the zero-th title file 1s corrected (S61).
Specifically, address data pertaining to containers C3 and C4
are deleted, and address data pertaining to container C5
comes to fall next to the address data pertaining to container
C2. In the link count table, the reference number assigned to
containers C3 and C4 1s decremented by one (562). In the
example shown 1n FIG. 12, the reference number assigned to
containers C3 and C4 1s decremented from two to one.

The contents of the management data table modified
through deletion of a ftitle file are written into the manage-
ment region along the innermost periphery of the disk
according to an instruction for removal of the disk.

As a result of deletion of a title file, containers whose
reference number has become zero can be recorded. As men-
tioned above, the data recording/reproduction/editing sys-
tem A 1s provided with the link count table for managing the
reference number of each ftitle tile, to thereby enable man-
agement of vacant containers. Consequently, recording of
AV data 1n vacant containers can be performed smoothly.

In contrast with the foregoing case, 1n a case where
another data set 1s written over a container already having
AV data recorded thereon by simultaneously performing
deletion of the already existing AV data and writing of
another data set, the following processing 1s performed.

As shown 1n FIG. 14, the user selects one of the reserved
title files and instructs overwriting of data on the thus-
selected title file by way of the external instruction section
30 (570). In this case, 1n order to effect overwriting, an origi-
nal file 1s selected. Further, in order to enable data to be
written over at any point of the ftitle file, the recording/
reproduction/editing system A may be configured so that the
user can select a recording start position.

Recording of data 1s now carried out (S71). If no record-
ing start position 1s specified, data are recorded on the first
container linked to the title file. Subsequently, data are
recorded 1n containers in the sequence indicated by the link
data pertaining to the title file.

When the user 1nstructs termination of recording (572),
recording of data 1s completed (573).

A title file for the newly-recorded AV data i1s produced,
and the ftitle file to be overwritten 1s corrected or deleted
(S74). Further, the title set file 1s updated, and a virtual file
which refers to the thus-overwritten title file 1s corrected or

deleted (574).

Specific processing will now be described by reference to
FIG. 15. In FIG. 15, the zero-th title file 1s an original file and
1s linked to containers C1 to C10. The first title file 1s pro-
duced through editing and refers to containers Cé6 to C8.

The following explanation 1s based on the condition that
the user instructs overwriting of the zero-th title file (570)
and overwriting of data from container C3; specifically, the
explanation 1s based on the condition that the user instructs
sequential recording of data from container C3 to container

Co6.
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Newly recorded AV data are recorded 1in containers C3 to
C6, and a new ftitle file; that 1s, a second title file, 1s produced
(S74). Address data serving as link data pertaining to the
second title file are stored 1n containers C3 to C6. A special
symbol representing a final container 1s embedded in the

position of a pointer of address data pertaining to container
C6.

In the zero-th title file, AV data are written over containers
C3 to C6, whereby the address data pertaining to containers
C3 to C6 are deleted. As a result, address data pertaining to
container C7 comes to fall next to address data pertaining to
container C2. In association with generation of the new sec-
ond title file, data pertaining to the second title file are writ-
ten into the title set file 202, whereby the title set file 202 1s
updated. Since the AV data of container C6 to which the first
title file refers are overwritten, the address data pertaining to
container C6 are deleted, with the result that address data
pertaining to container C7 come to fall at the head of the first
title file. In this way, specification of newly-recorded AV
data can be prevented from entering into the existing link
data.

In a case where AV data are written over up to container
C10, since container C2 is the final container of the zero-th
title file, a special symbol representing a final pointer 1s
embedded 1n the position of the address data pertaining to
container C2. In this case, all the containers to which the first
title file refers are overwritten, and hence the first title file 1s

deleted.

If, of the poimters of the existing title files, new AV data
are written over pointers which are spaced at intervals, the
overwritten pointers are packed. More specifically, the title
file 1s reconfigured by sequentially moving the pointers,
which are not overwritten, to higher hierarchical levels so as
to form a consecutive group of pointers and by embedding a
special symbol representing a final pointer 1n a position sub-
sequent to the group of pointers. In containers which are
shown 1n FI1G. 15 and taken as an example, 11 data are written
over containers C3, C5, and C7, 1n this sequence, address
data pertaining to container C4 are moved so as to fall next to

address data pertaiming to container C2 1n the zero-th title
file.

Further, the pointer of the title file may be utilized as a
time table. A time required for recording AV data 1n a con-
tainer 1s set to a predetermined time. The only requirement 1s
to count pointers at the time of a fast-forwarding operation, a
rewinding operation, and a time search operation. For
example, 11 a time required for recording data 1n a single
container assumes a value of two seconds, a container in
which data will be recorded after lapse of ten seconds can be
searched by finding only the fifth pointer.

If the time required for recording data 1n a container
assumes a value of one second or less, pointers can also be
utilized for indicating a time during recording and reproduc-
tion operations. For example, 1n a case where a count time 1s
displayed every second at the time of recording or
reproduction, one second 1s counted only when a pointer 1s
detected. If the time required for recording data into a con-
tainer assumes a value of 0.5 seconds, one second 1s counted
only when two pointers are detected.

In order to ensure seamless recording or reproduction of
data, the data recording/reproduction/editing system A per-
forms the following processing.

Given that the minimum transfer rate of the data
recording/reproduction/editing system A 1s Be, a bit rate at
which AV data are reproduced 1s Bd, a worst value of a jump
(seek) time 1s 17, a time during which the disk 40 waits for
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rotation 1s 'Tr, an expected time required for shock resistance
1s Tp, a maximum time required for correcting errors in the
AV data that have been read 1s Te, and the amount of storage
on a container 1s C, recording or reproduction of AV data 1s
performed so as to satisiy the relational expression (Be-Bd)
*Ts>Bd*Tw. In other words, recording and reproduction of
AV data are performed such that the product of (Be-Bd) and

Ts becomes greater than the product of Bd and Tw, where
Ts=C/Be, Tw=Tj+1r+Tp+Te, and Be>Bd.

Here, Tj represents the maximum time required for the
optical head to jump between the mner periphery and the
outer periphery of a recordable region of the disk 40. The
distance between the inner periphery and the outer periphery
ol a recordable region of the disk corresponds to the maxi-
mum jump distance. Shock resistance 1s ensured beforehand
as a time during which the head 17 1s unable to perform any
recording or reproduction operation if physical impact 1s
imparted to the head 17. Tp corresponds to an expected time
which 1s ensured beforechand and includes the time for
attaining shock resistance. ECC (error correction code) and
EDC (error detecting code) processing operations are
required before data to be actually stored in the buifer
memory 26 are obtained from actual data which are read
from the disk 40 after jumping of the head 17. For this
reason, the worst value (Te) of a group delay time required
tor the ECC and EDC processing operations 1s employed as
a factor of determining Tw. In short, Tw represents a time
required from the time the head has made a maximum jump
over the disk 40 to the time first actual data are acquired.

Recording and reproduction of data are carried out on the
basis of the minimum rotation rate Be satisfying the forego-
ing relational expression, the worst value 17 of the jump
(seek) time, the worst value Tr of the rotational latency, the
expected time tp including the time for attaining shock
resistance, the maximum time Te required for correcting
data which are read, the reproduction bit rate Bd, and the
amount C of storage on a container.

More specifically, AV data are written 1in the buifer
memory 26 at the bit rate Bd. Simultaneously, the AV data
are read from the buffer memory 26 at the bit rate Be, and the
thus-read AV data are sent to the magnetic head drive circuit
12 (see FI1G. 16). When the AV data are recorded on the disk
40, the AV data are sequentially recorded 1n units, each unit
comprising the amount C of storage on a container. The AV
player module shown 1n FIG. 16 1s included 1n the record
signal processing section 10 or the reproduction signal pro-
cessing section 22 shown in FIG. 1.

As mentioned above, the relationship Be>Bd 1s
maintained, and 1f a plurality of containers are sequentially
recordable, variations arise in the amount of builfer during
period Ts 1n which AV data are recorded in arbitrary
containers, such as those appearing in period AB, period BC,
and period EF. In period AB, period BC, and period EF
shown 1n FIG. 17, the amount of butler 1s illustrated to drop
alter exhibiting an increase. In reality, data are written into
the buller memory 26 simultaneous with reading of data
from the buifer memory 26. Since Be>Bd, all the AV data
that are written into the butler memory 26 during period T's
are recorded on the disk 40.

If a plurality of containers are not continuously
recordable, the head 17 must be moved so as to jump over
unrecordable containers to recordable containers. At the
time of jump, AV data are written into the buffer memory 26,
but naturally the AV data are not written into the disk 40.
Because of the relational expression Tw=Tj+1r+Tp+Te, the
time required from the time the head 17 1s moved to an
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arbitrary region in the recordable region of the disk 40 to the
time first actual data are acquired does not exceed Tw. The

maximum jump time corresponds to Tw. Because of a rela-
tionship (Be-Bd)*Ts>Bd*1w, even 11 the head 17 1s jumped

while writing AV data into the disk 40 1s disabled only dur-
ing period Tw, all the AV data that have been stored during
period Tw can be written into a container, to which the head
17 1s jumped, within the period of Ts. This can be derived as
follows; namely, Bd*Tw on the rnight side of the relational
expression represents the amount of data stored 1n the buifer
memory 26 during the jump time; (Be-Bd)*T's on the left
side of the relational expression represents a difference
between the amount of data output from the bufier memory
26 during period Ts and the amount of data mput to the
buffer memory 26 during period Ts; and (Be-Bd)
*Ts>Bd*Tw. (1-Bd/Be)*C 1s derived by moving (Be-Bd)Ts
to the lett side of the expression. Since Bd<Be, 1-Bd/Be<1.
Further, since Bd*Tw inevitably becomes smaller than C,
the amount of data corresponding to Bd*Tw can be recorded
into the container. At the time of jumping of the head 17, a
variation similar to that which has arisen in period CD
shown 1n FIG. 17 arises 1n the amount of buffer. Further,
during period Ts after jumping of the head 17, a vanation
similar to that which has arisen 1n period DE arises 1n the
amount of buffer. A recording period comprises any of peri-
ods; namely, period Ts in which data are written 1nto the disk
40, a period (<Tw) during which the head 17 jumps to a
recording position on the disk 40, and a period (<T's) during,
which the data stored 1n the builer memory 26 at the time of
jumping of the head are written.

The disk 40 on which the AV data are recorded 1n the
foregoing manner 1s imparted with a data format satistying

the relational expression (Be-Bd)* Ts>Bd*Tw.

At the time of reproduction, AV data are read from the
disk 40 at the bit rate Be, and the thus-read AV data are
written into the bufler memory 26. Simultaneously with
writing of the AV data, the AV data are transierred from the
buifer memory 26 to the reproduction signal processing sec-
tion 22 at the bit rate Bd (see FIG. 16). At this time, a thresh-
old value such as that shown m FIG. 18 1s determined
beforehand. The threshold value corresponds to the amount
of data stored in the buffer memory 26 during period Ts[i.e.,
(Be-Bd)*Ts].

If the amount of data remaining 1n the buffer memory 26
1s smaller than the threshold value, the AV data are output
from the buller memory 26 to the reproduction signal pro-
cessing section 22, and the AV data are read from the disk 40
at the bit rate Be. At points 1n time A, B, and D shown 1n
FIG. 18, the amount of data remaining in the buffer memory
26 becomes lower than the threshold value, and hence the
AV data are read at the bit rate Be. More specifically, In
periods AB, BC, and DE shown in FIG. 18, the amount of
butler 1s 1llustrated to drop after exhibiting an increase. In
reality, data are written into the buifer memory 26 simulta-
neously with reading of data from the buffer memory 26, and
after lapse of time period Ts data are stored in the buifer
memory 26 1 an amount of (Be-Bd)*Ts.

In contrast, when the amount of data remaining in the
bulfer memory 26 exceeds the threshold value, AV data are
output from the buffer memory 26 to the reproduction signal
processing section 22, but reading of AV data from the disk
40 1s suspended. So long as the amount of data exceeding
(Be-Bd)*Ts remains in the buller memory 26, even if the
head 17 jumps, the maximum amount of data transierred
from the bufler memory 26 becomes Bd'Tw. Therefore, so
long as the requirement (Be-Bd)*Ts>Bd* 1w 1s satisfied, the
amount of data required for reproduction will remain suifi-
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cient. Further, since reading of data 1s suspended, as men-
tioned above, the amount of bullfer memory 26 can be

[

reduced the smallest possible amount. At points 1n time C, E,
and F, the amount of data remaining in the buffer memory 26
exceeds the threshold value, and hence data are output from
only the buffer memory 26 during period between CD,
period Ts between EF, and period Ts between FG. Period
CD shown m FIG. 18 represents jumping of the head 17
from one point of reproduction to another point of reproduc-
tion. The maximum time required for jumping action 1n
period CD corresponds to Tw. As shown 1n FIG. 18, a repro-
ducing period comprises any of the following periods;
namely, a period Ts during which data are read from the disk
40, and a period (<Tw) during which the head 17 jumps to a
reproduction position on the disk 40.

As can be seen from FIG. 18, 1f jump time; that 1s, the
time required from the time the head 17 1s jumped to the time
first actual data are acquired, 1s shorter than Tw, AV data are
constantly reserved 1n an amount greater than (Be-Bd)*Ts
in the bufler memory 26. Accordingly, reproduction data
output from the butier memory 26 during period Tw can be
ensured at all times. As has been described above, since
jump time does not exceed Tw, data for reproduction will not
run out. Specifically, as can be seen from FIG. 18, data are
stored 1n an amount of (Be-Bd)*Ts 1s in the buiier memory
26 during period Ts. Since (Be-Bd)*Ts 1s greater than
Bd*Tw, the amount of data 1s sufficient to be output during
period Tw.

The maximum amount of data remaining in the buffer
memory 26 1s 2*(Be-Bd)*T's, and hence the buller memory
26 must have a volume capable of storing such data. Given
that the amount of remaining data at a break between periods
Ts or at the time of processing of data 1n units, each unit
having a predetermined amount, 1s (Be-Bd)*Ts, AV data are
further read from the disk 40, with the result that the amount
of remaining data assumes the value 2*(Be-Bd)*Ts.

As mentioned above, seamless recording or reproduction
of data among arbitrary containers 1s ensured, and seamless
virtual edition of data 1s also ensured.

In a case where AV data are recorded or reproduced on a
per-container basis, seamless recording or reproduction of
data can be ensured. In turn, umts for editing must be limited
to units of containers. In order to enable editing of data from
an arbitrary point, more detailed control of the data
recording/reproduction/editing system A may be achieved.

As shown 1n FIG. 19, a point table 1s provided in the
header data pertaining to the title files. In this point table,
there are written data pertaining to a start frame
(reproduction start frame) and an end frame (reproduction
end frame) with regard to each of points.

In the case of an m-th title file shown 1n FIG. 19, the
container designated by pointer 0 has start frame 4. The
container designated by pointer 1 has start frame 2 and end
frame 6. In a case where container Cn 1s reproduced accord-
ing to address data pertaining to pointer 0, data located at the
fourth frame of container Cn are reproduced. In a case where
container Cn+2 1s reproduced according to address data per-
taining to pointer 1, data located between the second frame
and the sixth frame of container Cn+2 are reproduced. In the
flowchart shown 1n FIG. 7, the fourth frame of container Cn
1s specified as the editing start position; the final frame of the
same 18 specified as the editing end position; the second
frame of container Cn+2 1s specified as the editing start posi-
tion; and the sixth frame of the same 1s specified as the
editing end position.

In this case, since data are reproduced at the same timing,
as that of the AV data, frames other than edited frames of the
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container are not displayed during reproduction. For
example, 1n the case of pointer 0 of the m-th title file shown
in FIG. 19, AV data located 1n the first through third frames
are decoded but not displayed. AV data are displayed only
alter processing has progressed to the timing of the fourth
frame. The point table 1s only for the purpose of controlling
the timing at which AV data are displayed. In this regard,
although data are processed 1n a seamless manner, secamless
display of AV data among linked containers is not ensured.

As a result, the user can edit AV data through use of arbi-
trary frames, thus preventing unnecessary display of AV data
or a failure to display necessary AV data.

Although 1n the previous embodiment the data recording/
reproduction/editing system A has been described to have
the point table including frame data for each of points, time-
stamp data or the number of bytes following the head of a
container may be used 1n place of the point table.

Although the previous embodiment has described that AV
data are recorded, reproduced, and edited on a per-container
basis and that the address data pertaining to containers,
which are to be linked, are stored 1n the title file, the present
invention 1s not limited to such an embodiment and may
employ another method.

The start and end positions of each of data blocks to be
linked are stored sequentially. As shown in FIG. 20, data
pertaining to the start and end positions of linked containers
are sequentially stored 1n each of the title files. As data per-
taining to the start and end positions, address data pertaining,
to corresponding sectors, for example, are stored 1n the form
of logical addresses. At the time of generation and correction
of a title file during the recording, editing, deletion, and
reproduction operations shown 1n FIGS. 6 through 11, data
pertaining to the start and end positions are stored 1n the title
file. At this time, the link count table stores the number of
times title files refer to an individual sector. In this case, the
sector acts as a umit recording region.

As mentioned above, 1n place of data pertaining to the
start and end positions of sectors, which are to be linked,
these may be stored a start position and the amount of data
which have been stored from the start position. Even 1n this
case, the link count table stores, for each sector, the number
of times title files refer to an individual sector. Even in these
two cases, AV data are processed 1n the same manner as in
the case where data are processed on a per-container basis,
except that sectors, which are to be linked, are specified in a
different way.

In a case where the start and end positions of linked sec-
tors are stored 1n the title file or a case where the start posi-
tion of a linked sector and the amount of data which have
been stored from the start position are stored 1n the title file,
the present invention has the advantage of enabling editing
of AV data at desired positions. In this case, however, seam-
less recording and reproduction of AV data 1s not ensured.
Specifically, unlike the volume of a container, the unit vol-
ume of data to be continuously recorded 1s not specified, and
hence the foregoing relational expression cannot be satisfied,
with the result that seamless reproduction or recording of
data 1s not ensured.

As mentioned above, in the data recording/reproduction/
editing system A according to the embodiment, a title file
having link data stored therein 1s prepared at the time of
recording of AV data. When the AV data are edited, the title
file of the AV data 1s edited, and another title file having
another link data stored therein is stored. In other words, a
portion of the title file can be shared among other title files.
In a case where a digest or a short version 1s produced from
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AV data, there 1s no necessity for use of two VCRs, which
would otherwise be required in the case of a conventional
data recording/reproduction/editing system. Further, there 1s
no necessity for ensuring a storage area for use 1n recording
a duplicate of AV data. As mentioned above, an original file
and a virtual file are stored, thus enabling reproduction of AV
data in various modes such as a full-reproduction mode, a

digest mode, and a short version mode.

Although the embodiment of the present invention has
been described above, the present invention 1s not limited to
such an embodiment and may be subjected to various modi-
fications. For example, the previous embodiment has
described the data pertaining to the management data table
being rewritten. However, the present invention 1s not lim-
ited to such an embodiment. Data pertaining to the manage-
ment data table may be rewritten every time a type of
processing, such as recording, 1s completed. Alternatively, a
new title file may be prepared every time recording of AV
data 1s started.

Further, the foregoing embodiment has described data of
the management data table being recorded 1n the manage-
ment region formed along the immnermost periphery of the
disk 40. However, the present invention 1s not limited to such
an embodiment, and the data of the management data can be
recorded at an arbitrary position on the disk 40 and may be
recorded 1n the user region; that 1s, a data region. According
to the present invention, the amount of data stored in the
management data table can be changed on the basis of the
number of title files or the number of pointers provided in
the title file, which in turn makes 1t impossible to define the
s1ze of the management region for storing the management
data table. To prevent this, the management region suificient
for storing the amount of data stored 1n the user region on the
disk 40 1s ensured, and the data pertaining to the manage-
ment data table are stored. In the event the management
region becomes full or the amount of data remaining in the
management region becomes smaller than a predetermined
threshold value, an empty region in the user region 1is
ensured as a new management region. The size of the man-
agement region 1s set beforehand 1n consideration of a mar-
gin. Further, the data recording/reproduction/editing system
may be arranged such that, in the event the volume of a new
title file to be recorded exceeds the volume of the manage-
ment region, generation or recording of the new title file may
be disabled unless an existing title file 1s deleted.

Although the foregoing embodiment has been described
by reference to a case where AV data are taken as principal
data, the present invention 1s not limited to such an example;
the foregoing embodiment may also be applied to solely
video data or solely audio data.

INDUSTRIAL APPLICABILITY

As has been mentioned, 1 a data recording system and a
data recording method according to the present invention,
when primary data are recorded, a file (original file) 1s pre-
pared. Another file (a virtual file) 1s prepared through editing
of the file. At least a portion of the primary data can be
accessed by a plurality of files. Editing of the primary data,
such as preparation of a digest of the primary data, becomes
teasible, thereby eliminating a necessity for use of a repro-
duction apparatus and a recording apparatus. The data
recording system manages only the plurality of files, which
in turn eliminates a necessity for ensuring a region for use 1n
recording a duplicate of the primary data.

Further, 1n connection with the recording medium accord-
ing to the present ivention, data are reproduced according
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to the file (original file) prepared at the time of recording of
primary data or according to the file (virtual file) prepared by
editing the file, thereby enabling reproduction of data in
various modes, such as a full-reproduction mode or a digest
reproduction mode. Further, the data are managed in the
form of files, and hence the recording region on the record-
ing medium can be effectively utilized.
What 1s claimed 1s:
1. A data recording system for recording primary data,
comprising;
a recording section for recording primary data on a
recording medium, 1n which primary data are recorded
in each of a plurality of umt recording regions of a
predetermined length into which a recording area of the
recording medium 1s divided; and

a control section for generating an original file when the
recording section has recorded the primary data on the
recording medium, the original file storing link data
formed as a result of sequential arrangement of address
data directly pertaining to the unit recording regions 1n
which the primary data have been recorded by the
recording section, as well as for generating a virtual {file
by means of editing the original file 1n accordance with
a user’s instruction, the virtual file storing link data
formed as a result of sequential arrangement of address
data directly pertaining to the unit recording regions.

2. The data recording system as defined i claim 1,
wherein the control section prepares a virtual file by editing
the original file and/or the virtual file 1n accordance with a
user’s instruction.

3. A data recording system for storing primary data on a
medium, comprising:

a recording section for recording primary data on a
recording medium, 1n which primary data are recorded
in each of a plurality of umt recording regions of a
predetermined length into which a recording area of the
recording medium 1s divided; and

a control section for generating a file at the time of record-
ing of the primary data, wherein the file stores, 1n the
form of a logical address, link data which are formed by
arranging in sequence address data directly pertaining
to the unit recording regions 1n which the primary data
have been recorded by the recording section,

wherein the control section generates a new virtual file by
means ol editing the original file that 1s prepared at the
time of recording of the primary data in accordance
with a user’s mstruction and the control section gener-
ates a new virtual file by means of editing an existing
original file and/or an existing virtual file 1n accordance
with a user’s instruction.

4. The data recording system as defined i claim 1,
wherein the virtual file comprises at least a portion of
address data pertaining to a file which 1s used as a source for
editing.

5. The data recording system as defined in claim 1,
wherein the control section prepares a new file on the basis
ol a plurality of files.

6. The data recording system as defined in claim 1,
wherein when any of existing files 1s deleted, the control
section deletes the file, and when a portion of any one of
existing files 1s deleted, the control section deletes from the
file one or a plurality of address data sets pertaining to the
file.

7. The data recording system as defined 1 claim 1,
wherein the control section prepares a link count table for
managing the number of times files refer to each of said unit
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recording regions, and the control section updates data per-
taining to the prepared link count table or pertaining to a link
count table read from the recording medium, through editing
and/or deletion of the files.

8. The data recording system as defined in claim 7,
wherein a unit recording region assigned reference number 0
in the link count table i1s handled as a recordable region;

when the original file prepared at the time of recording of
the primary data or a portion of the original file 1s
deleted, the control section resets to zero the reference
number assigned 1n the link count table to the corre-
sponding unit recording regions to be deleted; and

in contrast, when the virtual file prepared by editing the
existing {ile or a portion of the virtual file 1s deleted, the
control section decrements the reference number
assigned 1n the link count table to the corresponding
unit recording regions to be deleted.

9. The data recording system as defined i1n claim 8,
wherein when a certain original file or a portion of the origi-
nal file 1s deleted, another virtual file referring to the corre-
sponding unit recording region to be deleted 1s corrected.

10. The data recording system as defined in claim 7,
wherein the unit recording region assigned 0 as a reference
number in the link count table 1s handled as a recordable
region, and

when a certain file 1s wholly or partially deleted, the con-

trol section decrements the reference number assigned
in the link count table to the corresponding unit record-
ing regions to be deleted, regardless of whether the file
to be deleted 1s an original file prepared at the time of
recording of primary data or a virtual file prepared by
editing an existing {file.

11. The data recording system as defined claim 1, wherein
when overwriting of the entirety of a certain existing file or
overwriting ol a portion of the file 1s instructed, the control
section prepares a new file with regard to the thus-
overwritten primary data, and corrects the link data stored 1n
the existing files or deletes the existing {files.

12. The data recording system as defined i claim 1,
wherein the control section prepares a title set file for storing,
the address data pertaining to the files and corrects the title
set file 1 response to preparation or deletion of the files.

13. The data recording system as defined 1n claim 12,
wherein the data recording system writes into the recording
medium, at predetermined timing, data pertaining to the
generated, corrected, and deleted files, data pertaining to the
link count table, and data pertaining to the title set file.

14. The data recording system as defined i claim 13,
wherein the data recording system reads from the recording
medium data pertaining to the files, the link count table, and
the title set file, all of which are written into the recording
medium by the data recording system, and stores the thus-
read data into a storage section of the data recording system.

15. The data recording system as defined in claim 1,
wherein the data recording system records primary data on
and reproduces primary data from each of said unit record-
ing regions and data pertaining to a reproduction start frame
and a reproduction end frame of each unit recording region
are stored 1n the file.

16. The data recording system as defined i claim 1,
wherein the data recording system records primary data on
and reproduces primary data from each of said unit record-
ing regions, and given that the mimmum rate at which the
data recording system transiers data to the recording
medium 1s Be, a bit rate at which data are reproduced 1s Bd, a
time required from the time a head has made a maximum

jump over the recording medium to the time first actual data
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are acquired 1s Tw, and the amount of storage on the unit
recording region of predetermined length 1s C, recording or
reproduction of data 1s performed so as to satisiy the rela-
tional expressions (Be-Bd)*Ts>Bd*Tw, Ts=C/Be, and
Be>Bd.

17. The data recording system as defined claim 3, wherein
the control section prepares a new file on the basis of a
plurality of files.

18. The data recording system as defined in claim 3,
wherein when any of existing file 1s deleted, the control sec-
tion deletes the file, and when a portion of any one of exist-
ing files 1s deleted, the control section deletes from the file
one or a plurality of address data sets pertaining to the file.

19. The data recording system as defined in claim 3,
wherein the control section prepares a link count table for
managing the number of times files refer to each of said unit
recording regions, and the control section updates data per-
taining to the prepared link count table or pertaining to a link

count table read from the recording medium, through editing
and/or deletion of the files.

20. The data recording system as defined 1 claim 3,
wherein when overwriting of the entirety of a certain exist-
ing file or overwriting of a portion of the file 1s instructed, the
control section prepares a new file with regard to the thus-

overwritten primary data, and corrects the link data stored 1n

the existing files or deletes the existing files.

21. The data recording system as defined 1in claim 3,
wherein the control section prepares a title set file for storing
the address data pertaining to the files and corrects the title
set file 1n response to preparation or deletion of the files.

22. The data recording system as defined 1 claim 3,
wherein the data recording system records primary data on
and reproduces primary data from each of said umt record-
ing regions, and data pertaining to a reproduction start frame
and a reproduction end frame of each unit recording region
are stored in the file.

23. The data recording system as defined 1 claim 3,
wherein the data recording system records primary data on
and reproduces primary data from each of said unit record-
ing regions, and given that the minmimum rate at which the
data recording system transiers data to the recording
medium 1s Be, a bit rate at which data are reproduced 1s Bd, a
time required from the time a head has made a maximum
mump over the recording medium to the time first actual data
are acquired 1s Tw, and the amount of storage on the unit
recording region of predetermined length 1s C, recording or
reproduction of data i1s performed so as to satisiy the rela-
tional expression (Be-Bd)*Ts>Bd*Tw, Ts=(C/Be, and
Be>Bd.

24. The data recording system as defined in claim 19,
wherein a unmit recording region assigned reference number ()
in the link count table 1s handled as a recordable region;

when the original file prepared at the time of recording of
the primary data or a portion of the original file 1s
deleted, the control section resets to zero the reference
number assigned 1n the link count table to the corre-
sponding unit recording regions to be deleted; and

in contrast, when the virtual file prepared by editing the
existing file or a portion of the virtual file 1s deleted, the
control section decrements the reference number
assigned 1n the link count table to the corresponding
unit recording regions to be deleted.

25. The data recording system as defined i1n claim 19,
wherein the unit recording region assigned 0 as a reference
number in the link count table 1s handled as a recordable
region, and

when a certain file 1s wholly or partially deleted, the con-

trol section decrements the reference number assigned
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in the link count table to the corresponding unit record-
ing regions to be deleted, regardless of whether the file
to be deleted 1s an original file prepared at the time of
recording of primary data or a virtual file prepared by
editing an existing {file.

26. The data recording system as defined in claim 21,
wherein the data recording system writes mto the recording
medium, at predetermined timing, data pertaining to the
generated, corrected, and deleted files, data pertaining to the
link count table, and data pertaining to the title set file.

27. The data recording system as defined in claim 1,
wherein when a certain original file or a portion of the origi-
nal file 1s deleted, another virtual file referring to the corre-
sponding unit recording region to be deleted 1s corrected.

28. The data recording system as defined i claim 26,
wherein the data recording system reads from the recording
medium data pertaining to the files, the link count table, and
the title set file, all of which are written into the recording
medium by the data recording system, and stores the thus-
read data into a storage section of the data recording system.

29. The data recording system as defined in claim 1,
wherein the address data pertaining to the primary data are
arranged 1n sequence of reproduction of the corresponding
unit recording regions of the primary data.

30. The data recording system as defined in claim 1,
wherein the predetermined length of each of the unit record-
Ing regions comprises a number of bits corresponding to an
amount of data whose recording and reproduction requires a
few seconds.

31. A data recording and rveproducing system for vecord-
ing and reproducing primary data on a rewritable vecording
medium, comprising:

a head to write and to read out the primary data on the
recovding medium;

a recording section for recording the primary data on the
recording medium, the recovding section making the
head to jump to a region to which the primary data is
written; and

a reproducing section for reproducing the primary data
on the recording medium, the veproducing section mak-
ing the head to jump to a vegion from which the primary
data is read out,

wherein the recovding section and the reproducing section
respectively rvecovd and veproduce the primary data in
unit recovding regions, into which a recording arvea of
the recording medium is divided, according to the for-
mulas:

(Be-Bd)Ts>Bd1w,

1s=C/Fe, and

Be>Bd,

wherein Be is minimum data transmission rate to the
recovding medium, Bd is reproduction bit rvate of the
primary data, Tw is time interval from timing when the
head starts jumping a longest distance on the recording
medium to timing when a first veproduction data of the
primary data is obtained after the jumping and C is a
capacity of the unit recording region.

32. A vreproducing system for vreproducing primary data on

a recording medium, comprising:

a head to read out the primary data on the rvecording

medium,

a reproducing section for reproducing the primary data
on the recording medium, the veproducing section mak-



US RE41,082 E

29

ing the head to jump to a region from which the primary
data is read out,

whevrein the primary data are recovded in unit recording

regions, into which a recording arvea of the recording
medium is divided,

the reproducing section reproduce primary data accovd-
ing to following formulas:

(BPe-Bd)Ts>Bdiw,
Ts=C/Fe, and

Be>Fd,

wherein Be is minimum data transmission rate to the
recovding medium, Bd is reproduction bit rvate of the
primary data, Tw is time interval from timing when the
head starts jumping a longest distance on the recording
medium to timing when a first veproduction data of the
primary data is obtained after the jumping and C is a
capacity of the unit recording region.

33. A method of recording and reproducing primary data

on a rewritable recorvding medium, comprising:

recording and rveproducing the primary data in unit

recording regions, into which a recording area of the
recording medium is divided,

whevrein the vecording and the reproducing of the primary
data respectively arve carried out according to follow-
ing formulas:

(Be-Bd)Ts>Bdilw,

Ts=C/Fe, and

Be>Fd,

wherein Be is minimum data transmission rvate to the
recording medium, Bd is veproduction bit vate of the
primary data, Tw is time interval from timing when a
longest jump of reproduction position on the recording
medium starts to timing when a first veproduction data
of the primary data is obtained after the jump and C is
the capacity of the unit recording region.
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34. A data recording system for recording primary data on
a recording medium, comprising:

a recording section for vecording primary data on the
recording medium, in which primary data are recovded
in each of a plurality of unit recovding regions; and

a control section for generating an oviginal file when the
recording section has vecovded the primary data on the
recovding medium, the orviginal file storing link data
Jormed as a vesult of sequential arvangement of address
data pertaining to the unit recovding vegions in which
the primary data have been recorded by the recording
section,

as well as for generating a virtual file by means of editing
the original file in accovdance with a user’s instruction,
the virtual file stoving link data formed as a vesult of
sequential arrangement of addvess data pertaining to
the unit recording rvegions;

wherein the virtual file stores time-stamp data indicating
reproduction start timing and veproduction end timing
of the primary data in each unit recording regions
linked by the link data of the virtual file.
35. A data recording method for recording primary data
on a recording medium, comprising the steps of:

generating an original file when primary data are
recovded in each of a plurality of unit vrecording rvegions
on the recording medium, the original file stoving link
data formed as a result of sequential arrangement of
address data pertaining to the unit vrecovding regions in
which the primary data have been recorvded;

generating a virtual file by means of editing the original
file in accovdance with a user’s instruction, the virtual
file storing link data formed as a result of sequential
arrangement of address data pertaining to the unit
recording regions, and

storing time-stamp data in the virtual file, the time stamp
data indicating veproduction start timing and veproduc-
tion end timing of the primary data in each unit vecorvd-
ing regions linked by the link data of the virtual file.
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