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(7) ABSTRACT

A data allocation control method is applicable to a data
recording apparatus for writing and/or reading data to/from
a recording surface of a disciform recording medium. In this
method, data to be recorded on the recording surface is
divided into a plurality of data blocks to be consecutively
dealt with. Next, allocation information for designating each
location of the plurality of data blocks is generated such that
a second data block next to a first data block included in the
plurality of data blocks is located to keep a predetermined
interval from a location of the first data block.

20
2

CONTROL UNIT

DATA RECORDING APPARATUS

DATA MANAGEMENT TERMINAL |SSUING REQUEST
APPARATUS FOR READING/WRITING




Aug. 9,2001 Sheet 1 of 19 US 2001/0012446 A1

Patent Application Publication

¢ d14

ONILIYR/ONIQYIY ¥0d
1S3nD3y ONINSST TYNINYAL

SNLYHYddY ONI1QH003d Y1vd
1IN T041NOD

ON1QH003Y YIVa

< Iy
NOoY el _ Ll
%] [Wwvug0ud LNanaovNVR Viva $
0™
0 ™ nda 2l 9l
. v
Il 914
SALVYYddV ONIQH0DO3 Viva
ONILI4H/INIQYIY 404 | SNLYYYddY LIND T041NOD
130034 ONINSSI TYNIK¥IL LNINIOVNVH Y1va ON| Q4003 VLV
0 < Vv
02 gl _ I
s
0™ 2! 9l




Aug. 9,2001 Sheet 2 of 19 US 2001/0012446 A1

Patent Application Publication

>  SNLYYYddY

v 914 ol
l
O L[ L]0 s 0{0[0]!L]
€ 914
SNLVYYddY INIWIOYNYN YLIva
ONILIYM/ONIQYIY
404_1S3N0Y < g Hzmh=wvummuwmﬁumw )
ONINSS! TYNIW¥AL 7™ , ONIQH003Y VLVQ
LINN NOILVYNINY3L3Q
e NOILY20TIV Y1vd
1z 22
% ¢

0¢ ™

LINN INFWFOVNVA
NOILVRYOJNI ¥0123S

LIND ONTOVNVA NOILVRYOINI

NOILVI0TTY YLvd




Patent Application Publication  Aug. 9, 2001 Sheet 3 of 19 US 2001/0012446 A1

s‘
END SECTOR

15

START SECTOR
X1

5

F1G.

— O
- -
«

N M i Nd o))

=3 -—

Te] [0 0]
o
-— O | ™~

<t 19} (7]

- -




Patent Application Publication

Aug. 9,2001 Sheet 4 of 19

US 2001/0012446 A1

SECTOR INFORMATION

1 5
DATA 1
DATA 2 \ Xs1 XE1
6 1"
17 29
DATA n
Xs2 | Xe2
ns nEl
FI1G. 6
nsn NEn

START SECTOR NUMBER

1

END SECTOR NUMBER

1

START SECTOR NUMBER

2

END SECTOR NUMBER

2

START SECTOR NUMBER

n

END SECTOR NUMBER

n

END OF DATA

FI1G6G. 7



Patent Application Publication  Aug. 9, 2001 Sheet 5 of 19 US 2001/0012446 A1

( smRT )

RECEIVE REQUEST FOR STORAGE I~ 5101

CREATE ALLOCATION INFORMATION

DES|GNATING THE RANGE OF ALLocATIoN [~ 5192

A

CONTROL DATA RECORDING APPARATUS SO AS
TO PERFORM ALLOCATION PROCESSING I~ 5103
BASED ON ALLOCATION INFORMATION

Y

ALLOCATE EACH BLOCK BASED ON

ALLOCATION |NFORMATION 5104
END FIG. 8A
C START )
RECE I VE REQUE;T FOR READING _$151
CHECK THE ALLOI:ATION OF DATA - $152

CONTROL DATA RECORDING APPARATUS SO AS

TO PERFORM READING PROCESSING I~ 5153
BASED ON ALLOCATION |NFORMATION

Y

SEND READ DATA TO TERMINAL
WHICH ISSUED REQUEST

~- 5154

Y

END FIG. 8B



Patent Application Publication  Aug. 9, 2001 Sheet 6 of 19 US 2001/0012446 A1

( sTaRT )

Y

RECEIVE REQUEST FOR STORAGE

~ 5201

A 4

REQUEST DATA ALLOCATION DETERMINATION
UNIT TO CREATE ALLOCATION INFORMATION

~ 5202

4

RECEIVE ALLOCATION INFORMATION FROM
DATA ALLOCATION DETERMINATION UNIT

I~ S203

A

CONTROL DATA RECORDING APPARATUS
SO AS TO PERFORM ALLOCATION
PROCESSING BASED ON ALLOCATION
INFORMATION

~ 5204

CE;D)

FI1G. 9



Patent Application Publication Aug. 9, 2001 Sheet 7 of 19 US 2001/0012446 A1

C smRT )

SET DEFAULT BLOCK SIZE AND DEFAULT |. s301
NUMBER OF DIVIDED DATA

A

OBTAIN NUMBER OF SECTORS INCLUDED
[N INTERVAL BETWEEN BLOCKS OF DATA
T0 BE STORED ON THE BASIS OF DISK [~~S302
CAPACITY AND DEFAULT NUMBER OF
DIVIDED DATA

$303
INVOKED BY NO
DATA INPUT/0UTPUT

CONTROL UNIT ?

OBTAIN NUMBER OF NON-USED SECTORS
FROM SECTOR INFORMATION MANAGEMENT
UNIT AND CALCULATE NON-USED DISK
CAPACITY

~-S304

SIZE OF DATA

NO
TO BE STORED < NON-USED DISK
CAPACITY ?
SBSG S390
OBTAIN, FROM DATA ALLOCATION RETURN “STORAGE
INFORMATION MANAGING UNIT, NUMBER IMPOSSIBLE”
OF NON-USED {NNERMOST RADIAL SECTOR ANSWER

AND NUMBER OF CONTIGUOUS NON-USED
SECTORS BEGINNIG FROM NON-USED
INNERMOST RADIAL SECTOR

|

F. I (;. 1 () TO A T0 6




Patent Application Publication  Aug. 9, 2001 Sheet 8 of 19 US 2001/0012446 A1

NUMBER OF 5310

CONT1GUOUS NON-USED
SECTORS < NUMBER OF SECTORS
OF DEFAULT BLOCK SIZE

NO

S312

2

BLOCK SIZE = NUMBER OF BLOCK SIZE = DEFAULT

$311~{ CONTIGUOUS NON-USED BLOCK SIZE
SECTORS X SECTOR SIZE

”

NUMBER OF ITERATIONS | 313
= DATA SIZE/BLOCK SIZE

IS DATA SIZE
N-TIMES (N:INTEGER) AS LARGE
AS BLOCK SIZE ?

ADD 1 TO NUMBER OF ITERATIONS |~3315

<

CLEAR SECTOR LIST TO BE SUPPLIED |~-3316

START SECTOR NUMBER = NON-USED 317
INNERMOST RADIAL SECTOR NUMBER [

|

END SECTOR NUMBER = START SECTOR
NUMBER + NUMBER OF SECTORS OF ~-S$318
BLOCK SIZE

'

SIZE OF REMAINING DATA = SIZE
OF DATA TO BE STORED 3319

leg FIG 11




Patent Application Publication  Aug. 9, 2001 Sheet 9 of 19 US 2001/0012446 A1
© ‘l

$330
ad YES
NUHBER OF | TERATIOKS 10 F

ADD START SECTOR NUMBER & END | 33
SECTOR NUMBER TO SECTOR LIST

UPDATE INFORMATION STORED IN $332
SECTOR INFORMATION MANAGEMENT UNIT [~

UPDATE INFORMATION STORED IN
DATA ALLOCATION INFORMATION ~-5333
MANAGING UNIT

RENAINING DATA SIZE < REMAINING | 394
DATA SIZE - BLOCK SIZE "~

3335
REMAINING DATA SIZE
=07

NO

END SECTOR NUMBER < END SECTOR
NUMBER + NUMBER OF SECTORS 3336
INCLUDED IN INTERVAL BETWEEN [~
BLOCKS OF DATA TO BE STORED

TO F

END SECTOR NUMBER >

MAX1MUM SECTOR NUMBER ? $338
N
YES START SECTOR NUMBER < START SECTOR
NUMBER + NUMBER OF SECTORS INCLUDED

IN INTERVAL BETWEEN BLOCKS OF DATA

10 D TO BE STORED l

FIG. 12 T0 E




Patent Application Publication Aug. 9,2001 Sheet 10 of 19

9

US 2001/0012446 A1

OBTAIN, FROM DATA ALLOCATION INFORMATION
MANAGING UNIT, NUMBER OF NON-USED
INNERMOST RADIAL SECTEOR AND NUMBER OF
CONTIGUOUS NON-USED SECTORS BEGINNIG
ggg%gON— USED INNERMOST RADIAL

3350

NUMBER OF
CONT | GUOUS NON-USED
SECTORS < NUMBER OF SECTORS
OF BLOCK SIZE

BLOCK SIZE = NUMBER OF CONTIGUOUS | ooen
NON-USED SECTORS X SECTOR SIZE
START SECTOR NUMBER = NON-USED INNERMOST | _s353
RADIAL SECTOR NUMBER
END SECTOR NUMBER = INNERMOST RADIAL
SECTOR NUMBER + NUMBER OF SECTORS OF }~-S354
BLOCK SIZE
SUBTRACT 1 FROM NUMBER OF ITERATIONS |~S395
T0C FI1G. 13
SUPPLY SECTOR LIST -S370

!
T0 G F

G. 14



Patent Application Publication Aug. 9,2001 Sheet 11 of 19  US 2001/0012446 Al

( sRT )

-

RECEIVE REQUEST FROM DATA ALLOCATION
DETERMINATION UNIT

SUPPLY DATA ALLOCATION DETERMINATION

S402~— UNIT WITH INFORMATION ON NUMBER OF
CURRENTLY NON-USED SECTORS

S403~ UPDATE INFORMATION ON NUMBER OF
CURRENTLY NON-USED SECTORS

FI1G. 15

C STRT )

501~ RECEIVE REQUEST FROM DATA ALLOCATION
DETERMINATION UNIT

Y

TRANSFER NON-USED INNERMOST RADIAL
$502~-1 SECTOR NUMBER AND NUMBER OF
CONT1GUOUS NON-USED SECTORS

A 4

$503 UPDATE CURRENT INFORMATION

FIG 16



Patent Application Publication Aug. 9,2001 Sheet 12 of 19  US 2001/0012446 Al

FIG 17



US 2001/0012446 A1

Aug. 9,2001 Sheet 13 of 19

Patent Application Publication

gL 914
L~ UN l-ug l-uy~|+2-uuy L-u
ZN ¢q cu~i+iu ¢
LN 1q lu~1+0u |
ON 0q ou~0 0
3401S 38 OL V1VQ 40 SN0 375 yoo1g | y3IGWON ¥0LD3S |  NOILIL¥Vd

INIOVrAY N3FMLIG SY0133S 40 YIANNN




Patent Application Publication Aug. 9,2001 Sheet 14 of 19  US 2001/0012446 Al

( SIRT )

h 4

SET REFERENCE BLOCK SIZE AND | S801
REFERENCE NUMBER OF PARTITIONS

CREATE CONVERSION TABLE SHOWING
BLOCK SIZE AND DATA INTERVAL IN
EACH PARTITION ON THE BASIS OF DISK |~-S802
CAPACITY, READING/WRITING SPEED,
REFERENCE BLOCK SIZE AND REFERENCE
NUMBER OF PARTITIONS

(D} >ie

INVOKED BY
DATA INPUT/OUTPUT
CONTROL UNIT ?

S803

OBTAIN NUMBER OF NON-USED SECTORS
FROM SECTOR INFORMATION MANAGEMENT S804
UNIT AND CALCULATE NON-USED DISK [

CAPACITY

S810

SIZE OF DATA
TO BE STORED = NON-USED DISK
CAPACITY ?

NO

8831 7 S890

N

OBTAIN NUMBER OF NON-USED INNERMOST RETURN “STORAGE
RADIAL SECTOR FROM DATA ALLOCATION IMPOSS IBLE”
INFORMATION MANAGING UNIT ANSWER

T0 A T0 D

FIG. 19



Patent Application Publication Aug. 9,2001 Sheet 15 of 19

Y

START SECTOR NUMBER = NON-USED L _S812
INNERMOST RADIAL SECTOR NUMBER

!
CLEAR SECTOR LIST TO BE SUPPLIED [~~3813

|

SIZE OF REMAINING DATA = SIZE L $814
OF DATA TO BE STORED

US 2001/0012446 A1

©

REMAINING DATA SIZE < 0 7 VES 58‘;0
se3i - SUPPLY SECTOR LIST
OBTAIN. FROW DATA ALLOCATION INFORMATION
MANAGING UNIT. NUMBER OF CONTIGUOUS NON- 10D

USED SECTORS BEGINNiG FROM START SECTOR

y

OBTAIN, FROM CONVERSION TABLE, PARTITION
INCLUDING START SECTOR, AND BLOCK SIZE

AND NUMBER OF SECTORS INCLUDED IN 3832
INTERVAL BETWEEN DATA BLOCKS IN THE
PARTITION

NUMBER OF
CONT1GUOUS NON-USED
SECTORS < NUMBER OF SECTORS

OF BLOCK SIZE
?

NO

BLOCK SIZE = NUMBER OF CONTIGUOUS| .
NON-USED SECTORS X SECTOR Size | —58°1

-
<

¥



Patent Application Publication  Aug. 9, 2001 Sheet 16 of 19  US 2001/0012446 A1

END SECTOR NUMBER = START SECTOR
NUMBER + NUMBER OF SECTORS OF  |~-S852
BLOCK SIZE

Y

ADD START SECTOR NUMBER & END | <g53
SECTOR NUMBER TO SECTOR LIST

UPDATE |NFORMATION STORED IN

SECTOR INFORMATION MANAGEMENT UNIT >384

UPDATE INFORMATION STORED IN
DATA ALLOCATION INFORMATION ~-S855
MANAGING UNIT

REMAINING DATA SIZE < REMAINING | case
DATA SIZE - BLOCK SIZE

IS START SECTOR
INCLUDED IN OUTERMOST RADIAL
PARTITION ?

OBTAIN NON-USED |NNERMOST RADIAL
SECTOR NUMBER FROM DATA ALLOCATION

INFORMATION MANAGING UNIT | 3853
35;1 START SECTOR NUMBER < START SECTOR
NUMBER + NUMBER OF SECTORS INCLUDED
S872 IN INTERVAL BETWEEN BLOCKS OF DATA
: T0 BE STORED

START SECTOR NUMBER < NON-USED
INNERMOST RADIAL SECTOR NUMBER

10 C FIG 21



Patent Application Publication  Aug. 9,2001 Sheet 17 of 19  US 2001/0012446 A1

(' START )

OBTAIN PARTITION NUMBER CORRESPONDING |- s901
TO TARGET SECTOR (START SECTOR) NUMBER

Y

OBTAIN BLOCK S1ZE CORRESPONDING
TO TARGET SECTOR NUMBER

I~ S902

Y

OBTAIN NUMBER OF SECTORS INCLUDED
IN INTERVAL BETWEEN BLOCKS OF 5903
DATA TO BE STORED, CORRESPONDING
TO TARGET SECTOR NUMBER

Cao )

FIG 22

DATA RECORDING
APPARATUS

1% DATA MANAGEMENT

APPARATUS TERMINAL 1SSUING
7 REQUEST FOR READING

DATA RECORDING 20 REQUEST FOR WRITING
APPARATUS

S

10

FI1G. 24



Patent Application Publication  Aug. 9, 2001 Sheet 18 of 19  US 2001/0012446 A1

PARTITION O
PARTITION 1

FI1G. 23



US 2001/0012446 A1

Aug. 9,2001 Sheet 19 of 19

Patent Application Publication

G¢ 914

INIT NOILYIINAKRKOD

0L

il

il el

mmmm m.wrs

~0¢L
43 T1041NOD
zom_ 1YJINNWKOD 4T TI0¥LNOD
ON1QH093d V1vd
901 1QH09 ;
vOL
Y3 TT041NOD
NO | LVO INNKKOD
5
90L .
Y3 TT0YLNOD
J9V401S ONIQH023d V1vd
4344n8 g
g v0L
80L
43TT04.LNOD
Y3TT041NOD ‘ ONIQH003Y V1vd
TYYINTD g
9 v0L
OiL



US 2001/0012446 Al

DATA ALLOCATION METHOD, RECORDING
MEDIUM WITH DATA RECORDED BY THE
METHOD, AND DATA SERVER APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a data allocation
method applicable to a data storage apparatus equipped with
a single or a plurality of rotary recording surfaces and heads
for writing and reading data into and from the recording
surfaces, also to a recording medium with data stored by the
method, and to a data server apparatus for reading data
stored in the data storage apparatus and transferring the read
data to a terminal where a request for reading the data has
issued.

[0002] Data recording apparatus includes magnetic tapes,
magnetic disks, optical magnetic disks, etc. Magnetic disks,
which are randomly accessible devices are advantageous in
that they can be accessed at a higher speed than magnetic
tapes, although the former are more expensive and have a
smaller storage capacity than the latter.

[0003] The magnetic disk which has formally had a
smaller storage capacity is advanced to have a larger storage
capacity with low price by the development of recent
technology, thereby its cost performance is improved to a
grade in which a large amount of data in the form of, for
example, moving picture can be stored. In addition, to the
increase of the disk capacity, the band width of the network
has been improved. These circumstances have enabled new
services such as “video on demand”.

[0004] Taking the “video on demand” service as an
example, the operation of a data recording apparatus and a
data allocation method employed therein will be explained.

[0005] In a service, such as the “video on demand”, for
distributing large amount of data of plural types to large
number of users, data stored in data recording apparatuses
like magnetic disks must be read at high speed within a
predetermined time period. The rotary type data recording
apparatus includes a magnetic disk, a magneto-optical disk
(MO), or an optical disk, for example. In general, in a rotary
type data recording apparatus, during a reading or writing
process, a seek operation of moving the head to the target
sector of the recording surface which records data to be read
or written is performed, and a rotation waiting operation of
waiting until the target sector of the recording surface is
positioned just below the head is performed. After these
process, data reading or writing is executed. Therefore, to
read the data at high speed, the time required for the seek
operation and the rotation waiting operation must be short-
ened.

[0006] In the conventional data recording apparatus, in
case of allocating a series of data items (e.g., video data,
audio data, text data, still picture, program data, etc.), which
are written in a continuous memory area. With this data
allocation, when the plural different types of video data
items in the data recording apparatus are simultaneously and
sequentially read in a time division manner, the inner radial
portion and the outer radial portion of the data recording
apparatus are alternately accessed if some video data items
are stored together in an inner radial portion of the data
recording apparatus and other video data items are stored
together in an outer radial portion thereof. Consequently,
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there is a problem that a situation where the distance for
seeking target sectors continuously increases and therefore
the entire time for the data access inevitably increases.

[0007] The above problems in the conventional art are
summarized as follows. In the conventional apparatus, when
a series of data items are allocated, these are written in a
continuous area. Accordingly, when the plural different
types of video data items in the data recording apparatus are
simultaneously and sequentially read in a time division
manner, there occurs a situation where the distance for
seeking target sectors continuously increases and therefore
the entire time for the data access inevitably increases if the
video data items are separately stored in an inner radial
portion of the data recording apparatus and in an outer radial
portion thereof.

BRIEF SUMMARY OF THE INVENTION

[0008] Accordingly, it is an object of the present invention
to provide a data allocation method, a recording medium
with data recorded by the method, and a data server appa-
ratus for avoiding a succession of a situation where the
distance for seeking target sectors continuously increases,
thereby reducing the required average seek time and increas-
ing the speed of reading and/or writing data.

[0009] According to one aspect of the present invention,
there is provided a data allocation control method applicable
to a data recording apparatus for writing and/or reading data
to/from a recording surface of a disciform recording
medium, the method comprising the steps of: dividing data
to be recorded on the recording surface into a plurality of
data blocks to be consecutively dealt with; and generating
allocation information for designating each location of the
plurality of data blocks, such that a second data block next
to a first data block included in the plurality of data blocks
is located to keep a predetermined interval from a location
of the first data block.

[0010] According to another aspect of the present inven-
tion, there is provided a data allocation control method
applicable to a data recording apparatus for writing and/or
reading data to/from a recording surface of a disciform
recording medium, the method comprising the steps of:
dividing data to be recorded on the recording surface into a
plurality of data blocks to be consecutively dealt with; and
generating size information for designating the size of each
data block, such that the data block to be located in a region
where access speed is higher has a large size and the data
block to be located in a region where the access speed is
lower has a small size.

[0011] According to another aspect of the present inven-
tion, there is provided a disciform recording medium appli-
cable to a data recording apparatus for writing and/or
reading data to/from a recording surface of the recording
medium, data allocation for the recording medium compris-
ing the steps of: dividing data to be recorded on the
recording surface into a plurality of data blocks to be
consecutively dealt with; and generating allocation informa-
tion for designating each location of the plurality of data
blocks, such that a second data block next to a first data
block included in the plurality of data blocks is located to
keep a predetermined interval from a location of the first
data block.
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[0012] According to another aspect of the present inven-
tion, there is provided a data server apparatus applicable to
a data recording apparatus for writing and/or reading data
to/from a recording surface of a disciform recording
medium, the data server apparatus comprising: means for
dividing data to be recorded on the recording surface into a
plurality of data blocks to be consecutively dealt with;
means for generating allocation information for designating
each location of the plurality of data blocks, such that a
second data block next to a first data block included in the
plurality of data blocks is located to keep a predetermined
interval from a location of the first data block; means for
controlling the data recording apparatus to place each data
block in accordance with the allocation information; and
means, responsive to a request for reading data, for reading
data blocks from the recording surface and transferring data
comprised of the read data blocks to a terminal where the
request has issued.

[0013] Additional objects and advantages of the present
invention will be set forth in the description which follows,
and in part will be obvious from the description, or may be
learned by practice of the present invention. The objects and
advantages of the present invention may be realized and
obtained by means of the instrumentalities and combinations
particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0014] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
presently preferred embodiments of the present invention
and, together with the general description given above and
the detailed description of the preferred embodiments given
below, serve to explain the principles of the present inven-
tion in which:

[0015] FIG. 1 is a diagram, showing a basic structure of
a data recording apparatus according to each embodiment of
the invention;

[0016] FIG. 2 is a block diagram, showing a modification
of the basic structure of the data management apparatus;

[0017] FIG. 3 is a view, showing a structure of a data
management apparatus;

[0018] FIG. 4 is a view, illustrating a method for manag-
ing the state of use of each sector;

[0019] FIG. 5 is a view, illustrating another method for
managing the state of use of each sector;

[0020] FIG. 6 is a view, showing a format of data/sector
information to be managed by a data allocation information
managing unit;

[0021] FIG. 7 is a view, showing a format of a sector list
to be supplied from a data allocation determination unit;

[0022] FIGS. 8A and 8B show flowcharts, useful in
explaining the basic operation of a data recording apparatus;

[0023] FIG. 9 is a flowchart, illustrating an operation of a
data input/output control unit;

[0024] FIG. 10 is a flowchart, illustrating part of an
operation of the data allocation determination unit;
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[0025] FIG. 11 is a flowchart, illustrating part of an
operation of the data allocation determination unit;

[0026] FIG. 12 is a flowchart, illustrating part of an
operation of the data allocation determination unit;

[0027] FIG. 13 is a flowchart, illustrating part of an
operation of the data allocation determination unit;

[0028] FIG. 14 is a flowchart, illustrating part of an
operation of the data allocation determination unit;

[0029] FIG. 15 is a flowchart, illustrating an operation of
a sector information management unit;

[0030] FIG. 16 is a flowchart, illustrating an operation of
a data allocation information managing unit;

[0031] FIG. 17 is a view, showing an allocation of data
recorded on a recording surface;

[0032] FIG. 18 is a format of a conversion table stored in
the data allocation determination unit in which sector num-
bers, block sizes, and the numbers of sectors between data
blocks;

[0033] FIG. 19 is a flowchart, illustrating part of an
operation of the data allocation determination unit;

[0034] FIG. 20 is a flowchart, illustrating part of an
operation of the data allocation determination unit;

[0035] FIG. 21 is a flowchart, illustrating part of an
operation of the data allocation determination unit;

[0036] FIG. 22 is a flowchart, illustrating processing
performed by the data allocation determination unit using
the conversion table;

[0037] FIG. 23 is a view, showing an allocation of data
recorded on the recording surface;

[0038] FIG. 24 is another basic structure of the data
recording apparatus according to the embodiments of the
invention; and

[0039] FIG. 25 is a view, showing a video server appa-
ratus to which the invention is applied.

DETAILED DESCRIPTION OF THE
INVENTION

[0040] The embodiments of the invention will be
described with reference to the accompanying drawings.

[0041] (First Embodiment)

[0042] FIG. 1 shows a basic structure of a data recording
apparatus according to the first embodiment of the inven-
tion.

[0043] This data recording apparatus of the first embodi-
ment is equipped with a data recording apparatus 10 includ-
ing a number n (n: an integer not less than 1) of disciform
recording media 11, heads 12 for data-reading/writing,
which is provided for each recording surface 16 of the
disciform recording media 11, and a data recording control
unit 13 for controlling to position the heads 12 and control-
ling data writing/reading. The data recording apparatus is
also equipped with a data management apparatus 20 for
managing data recorded on the recording surfaces 16 of the
data recording apparatus 10 and instructing data recording in
the recording surfaces 16.
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[0044] The data recording apparatus 10 has functions for
positioning a head 12 by rotating a disciform recording
medium 11 and by moving the head 12 in a radial direction
of the recording medium 11, and writing and/or reading data
to/from a recording surface to which the head 12 is posi-
tioned.

[0045] The disciform recording medium 11 of the data
recording apparatus 10 are provided for recording data. Data
recording apparatuses which are applicable to this embodi-
ment include a magnetic disk, an optical disk, a magneto-
optical disk, a phase-variable optical disk, a CD-ROM, a
CD-R, etc. In the magnetic disk, for example, a metallic disk
coated with a magnetic materal is used as the disciform
recording medium 11. The recording surface 16 of the
disciform recording medium 11 is divided into small areas,
each of which is called a “sector”. Reading or writing data
is performed in units of a sector.

[0046] There is a case where only a single disciform
recording medium is employed, and a case where a plurality
of disciform recording media 11 are employed. Moreover,
there is a case where only a single side of the disciform
recording medium 11 is used as a recording surface 16, and
a case where both sides are used as recording surfaces 16. In
the FIG. 1 case, there is provided only a single disciform
recording medium 11, and only one side thereof is used as
a recording surface 16.

[0047] Each head 12 is used to read and/or write data
from/to the recording surface 16 of the disciform recording
medium 11. Usually, a number of heads 12 corresponding to
the number of recording surfaces 16 are employed. In
addition, there is a case where a single head is used to both
read and write data, and a case where there are provided
heads dedicated to data writing and to data reading, respec-
tively.

[0048] The data recording control unit 13 has a function
for controlling the rotation speed of the disciform recording
medium 11 (i.e., the recording surface 16), controlling the
positioning of the head 12, and controlling the head 12 so as
to read/write data, and also has a function for reading and
writing data from/to a particular sector.

[0049] The data recording control unit 13 positions the
head 12 to each of the locations designated by information
supplied from the data management apparatus 20 when
being controlled by the data management apparatus 20.

[0050] The data recording apparatus 10 including the
disciform recording medium 11, the head 12 and the data
recording control unit 13 corresponds to, for example, a hard
disk device.

[0051] On the other hand, the data management apparatus
20 manages the state of use of each sector on the recording
surface 16 of the data recording apparatus 10, the type of
data, and required reading/writing speed. Further, upon
receiving a request for writing data, the apparatus 20 sup-
plies the data recording control unit 13 with an instruction to
write data into an appropriate sector. Upon receiving a
request for reading data, the apparatus 20 supplies the data
recording control unit 13 with an instruction to read data
from a sector storing the data.

[0052] The functions of the data management unit 20 can
also be realized by software programs. Specifically, as is
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shown in FIG. 2, the processing in the data management unit
20 can be realized by, for example, causing a host-side
computer for controlling the hard disk to read, from a
memory 30 such as a ROM, etc., an application program (a
data management program having the same function as the
data management apparatus 20) which describes a necessary
procedure, and then causing a CPU 40 to execute the
program.

[0053] Furthermore, a subject which can supply the data
management apparatus 20 with a request for reading or
writing is arbitrarily provided. For example, to realize the
data management apparatus 20 by a software program, a
request may be issued directly from an external terminal
which executes the program or via another program (pro-
cess) executed by the same computer, or may be issued
directly from the another program.

[0054] A more detailed structure of the data management
apparatus 20 will now be described.

[0055] FIG. 3 shows the data management apparatus 20 of
the embodiment.

[0056] The data management apparatus 20 of the first
embodiment comprises a sector information management
unit 21, a data allocation information managing unit 22, a
data input/output control unit 23 and a data allocation
determination unit 24.

[0057] The sector information management unit 21 man-
ages the state of use of each sector on the recording surface
16 of the recording medium 11. The methods of managing
the state of use are as follows: (1) As is shown in FIG. 4,
there is provided a method for enabling bit (setting 1) for a
used sector S and disabling bit (setting 0) for a non-used
sector S, using a bit map 17 having information correspond-
ing to each sector S; and (2) As is shown in FIG. 5, there is
provided a method for assigning an identifier to each sector
S on the recording surface 16, and managing each sector s
being used, using a list (sector’s state-of-use management
list) 18 in which each sector S being used is denoted by a
sector number (sector identifier). The data management
apparatus 20 will be further described, supposing that the
above method (2) is employed.

[0058] The sector information management unit 21
accepts a request from the data allocation determination unit
24 and supplies information which includes “the number
(ID) of a first non-used (vacant) sector” in a predetermined
direction (a radial direction of the recording medium 11)
from a reference position on the recording surface 16 (e.g.,
an outermost or innermost radial portion of the recording
medium 11), and also includes “the number of currently
non-used sectors”. In this case, concerning the non-used
sector number, the number of an innermost or outermost
non-used sector on the recording surface 16 is supplied.
Alternatively, the number of the non-used sector may be
supplied, which is situated inwardly or outwardly closest to
an intermediate position between innermost and outermost
radial positions on the recording surface. Hereinbelow,
suppose that the number of an innermost non-used sector is
supplied.

[0059] The data allocation information managing unit 22
manages data/sector information as to which sector of the
recording surface 16 in the data recording apparatus 10
records which data item. For example, as shown in FIG. 6,
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a management method of holding a list showing a pair of a
start sector number and an end sector number of sectors
being used for each data block, may be adopted.

[0060] The data/sector information is updated by the data
allocation determination unit 24 invoked when the data
input/output control unit 23 has received a request for
writing data. Further, the data/sector information is referred
to when the data input/output control unit 23 has received a
request for reading data.

[0061] The data input/output control unit 23 performs
input/output processing in the data recording apparatus 10,
upon receiving a request for input/output of data. When
receiving a request for writing data (a request for inputting
data), the data input/output control unit 23 controls the data
allocation determination unit 24 so as to request a sector list
indicative of the position in which the data is to be placed.
The data input/output control unit 23 also controls the data
recording control unit 13 so as to write the data into an
appropriate sector.

[0062] The data allocation determination unit 24 is
invoked by the data input/output control unit 23 so as to
determine, based on an instruction from the data input/
output control unit 23, in which sector on the recording
surface 16 a block of data should be stored, and to supply a
determination result to the data input/output control unit 23.
In other words, when the data allocation determination unit
24 has received data on the size of to-be-stored data from the
data input/output control unit 23, it refers to the information
from the data allocation information managing unit 22 and
the sector information management unit 21, and supplies the
data input/output control unit 23 with the sector list indica-
tive of the order of sectors in which data blocks should be
stored.

[0063] The sector list supplied from the data allocation
determination unit 24 has a format showing sector numbers
placed in the order in which sectors denoted by the sector
numbers store respective data blocks, or a format showing
each pair of “start sector number” and “end sector number”
as shown in FIG. 7. If, however, the size of data is too large
to store the data in the non-used sectors, the data allocation
determination unit 24 returns a “recording impossible”
answer.

[0064] Data to be read from and written into the recording
surface 16 is transferred between the data recording appa-
ratus 10 and an external terminal via the data input/output
control unit 23.

[0065] Referring then to the flowcharts of FIGS. 8A and
8B, the basic operation of the entire data recording apparatus
will be described.

[0066] FIG. 8A illustrates the procedure performed when
a request for writing data is issued from a terminal. Upon
receiving a request for writing data from the terminal (step
$101), the data management apparatus 20 refers to the size
of the data, thereby creating allocation information which
designates the range of allocation on the recording surface
16 of the data to be stored in units of a block (step S102).
The data management apparatus 20 then controls the data
recording apparatus 10 in accordance with the created
allocation information so as to sequentially place data blocks
on the recording surface 16 (step S103). The data recording
control unit 13 of the data recording apparatus 10 then places
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the data blocks based on the allocation information from the
data management apparatus 20 (step S104).

[0067] FIG. 8B illustrates the procedure performed when
a request for reading data is issued from a terminal. Upon
receiving a request for reading data form the terminal (step
S151), the data management apparatus 20 determines the
position of the data stored in units of a block in the recording
surface 16 (step S152), thereby controlling the data record-
ing apparatus 10 on the basis of the determined position so
as to read the data from the recording surface 16 (step S153).
The data management apparatus 20 then supplies the read
data to the terminal where the request for reading the data
has issued (step S154).

[0068] The operation of each structural element in the data
management apparatus 20, which is performed when a
request for writing data has been issued from a terminal, will
be described in detail.

[0069] Referring first to FIG. 9, the operation of the data
input/output control unit 23 will be described.

[0070] Upon receiving a request for writing data from a
terminal (step S201), the data input/output control unit 23
controls the data allocation determination unit 24 so as to
create allocation information which designates the range of
allocation on the recording surface 16 of the data to be stored
in units of a block (step S202). Upon receiving the allocation
information from the data allocation determination unit 24
(step S203), the data input/output control unit 23 controls the
data recording apparatus 10 in accordance with the created
allocation information so as to sequentially place data blocks
on the recording surface 16 (step S204). At this time, the
data input/output control unit 23 supplies, in units of pre-
determined size, data to be stored and sector numbers
designated by the sector list, to the data recording control
unit 13. For example, the data input/output control unit 23
supplies, in the order to be recorded, a data block and its
“start sector number” and “end sector number” to the data
recording control unit 13.

[0071] FIGS. 10 to 14 illustrate the operation algorithm of
the data allocation determination unit 24.

[0072] To determine the allocation of data, the “block
size” of each block, which is a unit used at the time of storing
data in a divided manner, and the “number of divided data”,
which designates how many blocks the data is divided into,
are used as parameters.

[0073] As an initialization procedure, the data allocation
determination unit 24 sets a “default block size” and the
“default number of divided data” (step S301) and calculates
the “number of sectors between blocks of data to be stored”
on the basis of a “disk capacity” and the “default number of
divided data” (step S302).

[0074] After the initialization procedure, the data alloca-
tion determination unit 24 is kept in a waiting state until it
is invoked by the data input/output control unit 23 (step
S303). When invoked, the data allocation determination unit
24 obtains the “number of non-used sectors” from the sector
information management unit 21, and thereby obtaining the
“capacity of non-used region (disk capacity)” based on the
“number of non-used sectors” (step S304). The data alloca-
tion determination unit 24 compares the “size of data to be
stored” with the “non-used region capacity” (step S305), and
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supplies, when the “size of data to be stored” is larger, the
response indicating that the data cannot be stored (step
S390). Then, the procedure returns to the step S303.

[0075] Ifit is determined in the step S305 that the “capac-
ity of non-used region” is larger, which indicates that the
data can be stored, the data allocation determination unit 24
obtains, from the data allocation information managing unit
22, the number of an innermost non-used sector and the
“number of contiguous non-used sectors” beginning from
the innermost non-used sector (step S306). The data alloca-
tion determination unit 24 then compares the “number of
contiguous non-used sectors” with the “number of sectors of
the default block size” (step S310), thereby setting the
“block size” to the “default block size” when the “number of
sectors of the default block size” is smaller (step S312).

[0076] 1If, on the other hand, the “number of sectors of the
default block size” is larger, the entire region of the non-used
sectors corresponds to a fragmentation, and data of the
“default block size” cannot be stored in the non-used sectors.
To enable data of one block to be stored in the non-used
sectors, the data allocation determination unit 24 sets the
“block size” to a value obtained by multiplying the “number
of contiguous non-used sectors” by the “sector size” (step
S311).

[0077] After the step S311 or the step S312, the data
allocation determination unit 24 calculates the “number of
iterations” (=“data size” /“block size”)(step S313).

[0078] The “number of iterations” corresponds to the
number of divided data required for storing targeted data.

[0079] 1If the “data size” is n-times (n: an integer) as large
as the “block size” (step S314), the “number of iterations”
corresponds to the number obtained in the step S313. On the
other hand, if the “data size” is not n-times (n: an integer) as
large as the “block size”, which means that a fragmentation
is included, the data allocation determination unit 24 adds 1
to the “number of iterations™ for storing the fragmentation
(step S315).

[0080] Subsequently, the data allocation determination
unit 24 initializes the sector list to be supplied to the data
input/output control unit 23 (step S316), sets the “start sector
number” to the number of an innermost non-used sector
(step S317), sets the “end sector number” to a number
obtained by adding the “start sector number” to the “number
of sectors of the block size” (step S318), and sets the “size
of remaining data” which is not yet stored) as the “size of
data to be stored” (step S319).

[0081] Thereafter, the data allocation determination unit
24 checks whether or not the “number of iterations” is 0
(step S330). If it is not 0, the unit 24 adds the set “start sector
number” and “end sector number” to the sector list (step
S331). By referring to this sector list, the data allocation
determination unit 24 updates the information stored in the
sector information management unit 21 (step S332), updates
the information stored in the data allocation information
managing unit 22 (step S333), and sets the “remaining data
size” to a value obtained by subtracting the “block size”
from a “present remaining data size” (step S334).

[0082] At this time, the data allocation determination unit
24 determines whether or not the set “remaining data size”
is equal to or lower than O (step S335). If it is higher than
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0, the data allocation determination unit 24 sets the “end
sector number” to a number obtained by adding a “present
end sector number” to the “number of sectors between data
blocks to be stored” (step S336). The data allocation deter-
mination unit 24 then compares the set “end sector number”
with a “maximum sector number” in the disk (step S337). If
the “end sector number” is smaller than the “maximum
sector number”, which means that more data can be stored,
the data allocation determination unit 24 sets the “start
sector number” to a number obtained by adding the “present
start sector number” to the “number of sectors between data
blocks to be stored” (step S338), thereby subtracting 1 from
the “number of iterations” (step S355). The procedure then
returns to the step S330.

[0083] If it is determined in the step S337 that the “end
sector number” is larger than the “maximum sector num-
ber”, which means that data has been stored in the outermost
sector, the data allocation determination unit 24 again starts
to store data from an innermost non-used sector. The data
allocation determination unit 24 obtains, from the data
allocation information managing unit 22, the number of an
innermost non-used sector and the “number of contiguous
non-used sectors” beginning from the innermost non-used
sector (step S350). The data allocation determination unit 24
then compares the “number of contiguous non-used sectors”
with the “number of sectors of the block size” (step S351).
If the “number of contiguous non-used sectors” is smaller
than the “number of sectors of the block size”, the entire
region of non-used sectors corresponds to a fragmentation,
which means that data of the “default block size” cannot be
stored therein. To enable data of one block to be stored in the
non-used sectors, the data allocation determination unit 24
sets the “block size” to a value obtained by multiplying the
“number of contiguous non-used sectors” by the “sector
size” (step S352), also sets the “start sector number” to the
number of an innermost non-used sector (step S353), sets the
“end sector number” to a number obtained by adding the
“start sector number” to the “number of sectors of the block
size” (step S354), and subtracting 1 from the “number of
iterations” (step S355). The procedure then returns to the
step S330.

[0084] Ifitisdetermined in the step S330 that the “number
of iterations” is 0, which means that all data pieces have
been stored, the data allocation determination unit 24 sup-
plies the sector list to the data input/output control unit 23
(step S370). The procedure then returns to the step S303.

[0085] Ifitis determined in the step S335 that the “remain-
ing data size” is equal to or lower than 0, which means that
all data pieces have been stored, the data allocation deter-
mination unit 24 supplies the sector list to the data input/
output control unit 23 (step S370). The procedure then
returns to the step S303.

[0086] The above-described operation is performed by the
data allocation determination unit 24 incorporated in the
data management apparatus 20.

[0087] Referring then to FIG. 15, the operation of the
sector information management unit 21 will be described.

[0088] Upon receiving a request from the data allocation
determination unit 24 (step S401), the sector information
management unit 21 supplies information including the
number of currently non-used sectors (step S402). Thereaf-
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ter, the sector information management unit 21 has its
information including the currently non-used sectors
updated by the data allocation determination unit 24 (step
S403). Then, the procedure then returns to the step S401,
where the above-described processing is repeated.

[0089] Referring to FIG. 16, the operation of the data
allocation information managing unit 22 will be described.

[0090] Upon receiving a request from the data allocation
determination unit 24 (step S501), the data allocation infor-
mation managing unit 22 supplies to the data allocation
determination unit 24 with the number of an innermost
non-used sector on the recording surface 16, and informa-
tion including the number of sectors in a non-used region
beginning from the innermost non-used sector (step S502).
Thereafter, the present information stored in the data allo-
cation information managing unit 22 is updated by the data
allocation determination unit 24 (step S503). The procedure
then returns to the step S501, where the above processing is
repeated.

[0091] FIG. 17 shows a recording state of the recording
surface 16, in which a data group A is divided into eight
blocks A0 to A7 and a data group B is divided into eight
blocks B0 to B7.

[0092] In this example, each data block is stored in the
following manner:

[0093] First, the blocks AQ to A3 of the blocks A0 to A7
included in the data group A are discretely placed at regular
intervals on the recording surface from an inner radial
portion thereof to an outer radial portion thereof. When the
last block A3 has been placed on an outermost radial portion
of the disk, the remaining blocks A4 to A7 are also discretely
placed at regular intervals on the recording surface from an
inner radial portion thereof to an outer radial portion thereof,
similar to the case of the blocks A0 to A3.

[0094] After the blocks of the data group A are placed, the
blocks of a data group B are placed in the same manner as
those of the data group A. In the FIG. 17 case, the blocks B0
to B7 of the data group B are placed adjacent to the blocks
A0 to A7 of the data group A, respectively.

[0095] The case of employing a plurality of recording
surfaces can be similarly dealt with to the case of employing
a single recording surface is made for each recording surface
in a case where it is monitored from outside.

[0096] Since in FIG. 17, the entire blocks of each of the
data groups A and B are stored in dispersed regions and not
in a contiguous region, the amount of movement of the head
can be minimized and the required average seek time can be
reduced, even when a request for simultaneously reading the
data groups A and B has been issued and hence even when,
for example, these data groups are alternately read in units
of a block.

[0097] As described above, in the first embodiment of the
invention, the average seek time can be shortened by appro-
priately arranging data at the time of storing the same,
thereby increasing the speed of reading and writing and
hence enabling the data recording apparatus to be used at its
maximum.

[0098] Further, although the algorithm employed in the
data allocation determination unit 24 uses a manner for
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storing data on the recording surface 16 from an innermost
sector to an outermost sector, data may be stored from an
outermost sector to an innermost sector, or from a radially
intermediate sector. In these cases, it suffices if the algorithm
is modified to employ a manner for seeking a sector from an
outer radial portion of the recording surface, or from an
intermediate radial portion thereof.

[0099] (Second Embodiment)

[0100] A data recording apparatus according to a second
embodiment of the invention will now be described.

[0101] Since the basic structure of the system of the
second embodiment is similar to that of the apparatus of the
first embodiment shown in FIG. 1, no description is given
thereof.

[0102] FIG. 3 shows the structure of a data management
apparatus 20 employed in the second embodiment.

[0103] Similar to the case of the first embodiment, the data
management apparatus 20 of the second embodiment com-
prises a sector information management unit 21, a data
allocation information managing unit 22, a data input/output
control unit 23 and a data allocation determination unit 24.

[0104] The sector information management unit 21 man-
ages the state of use of each sector on the recording surface
16 of the recording medium 11. The methods of managing
the state of use are as follows: (1) As is shown in FIG. 4,
there is provided a method for enabling bit (setting 1) for a
used sector S and disabling bit (setting 0) for a non-used
sector S, using a bit map 17 having information correspond-
ing to each sector S; and (2) As is shown in FIG. 5, there is
provided a method for assigning an identifier to each sector
S on the recording surface 16, and managing each sector s
being used, using a list (sector’s state-of-use management
list) 18 in which each sector S being used is denoted by a
sector number (sector identifier). The data management
apparatus 20 will be further described, supposing that the
above method (2) is employed.

[0105] The sector information management unit 21 is
responsive to a request from the data allocation determina-
tion unit 24 for supplying information which includes “the
number (ID) of a first non-used (vacant) sector” in a pre-
determined direction (a radial direction of the recording
medium 11) from a reference position on the recording
surface 16 (e.g., an outermost or innermost radial portion of
the recording medium 11), and also includes “the number of
currently non-used sectors”. In this case, concerning the
non-used sector number, the number of an innermost or
outermost non-used sector on the recording surface 16 is
supplied. Alternatively, the number of the non-used sector
may be supplied, which is situated inwardly or outwardly
closest to an intermediate position between innermost and
outermost radial positions on the recording surface. In the
second embodiment, in particular, the number of the inner
non-used sector may be supplied, which is situated within a
partition with a predetermined number (which means each
divisional region on the recording surface hereinafter
referred to). Hereinbelow, suppose that the number of an
innermost non-used sector is supplied. Hereinbelow, sup-
pose that the number of an innermost non-used sector is
supplied.

[0106] The data allocation information managing unit 22
manages data/sector information as to which sector of the
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recording surface 16 in the data recording apparatus 10
records which data item. For example, as shown in FIG. 6,
a management method of holding a list showing a pair of a
start sector number and an end sector number of sectors
being used for each data block, may be adopted.

[0107] The data/sector information is updated by the data
allocation determination unit 24 invoked when the data
input/output control unit 23 has received a request for
writing data. Further, the data/sector information is referred
to when the data input/output control unit 23 has received a
request for reading data.

[0108] The data input/output control unit 23 performs
input/output processing in the data recording apparatus 10,
upon receiving a request for input/output of data. When
receiving a request for writing data (a request for inputting
data), the data input/output control unit 23 controls the data
allocation determination unit 24 so as to request a sector list
indicative of the position in which the data is to be placed.
The data input/output control unit 23 also controls the data
recording control unit 13 so as to write the data into an
appropriate sector.

[0109] The data allocation determination unit 24 is
invoked by the data input/output control unit 23 so as to
determine, based on an instruction from the data input/
output control unit 23, in which sector on the recording
surface 16 a block of data should be stored, and to supply a
determination result to the data input/output control unit 23.
In other words, when the data allocation determination unit
24 has received data on the size of to-be-stored data from the
data input/output control unit 23, it refers to the information
from the data allocation information managing unit 22 and
the sector information management unit 21, and supplies the
data input/output control unit 23 with the sector list indica-
tive of the order of sectors in which data blocks should be
stored.

[0110] The sector list supplied from the data allocation
determination unit 24 has a format showing sector numbers
placed in the order in which sectors denoted by the sector
numbers store respective data blocks, or a format showing
each pair of “start sector number” and “end sector number”
as shown in FIG. 7. If, however, the size of data is too large
to store the data in the non-used sectors, the data allocation
determination unit 24 returns a “recording impossible”
answer.

[0111] Further, in the second embodiment, in particular,
the data allocation determination unit 24 holds a conversion
table for obtaining each divided recording surface portion
and the “block size” of data which can be stored therein on
the basis of information about “reading speed” or “writing
speed” corresponding to a position on the recording surface
16. FIG. 18 shows an example of the conversion table, in
which the “number of divided portions™ is n. Each divided
recording surface portion is hereinafter referred to as a
“partition”. The procedure using the conversion table will be
described later.

[0112] The conversion table can be obtained by calcula-
tion based on the specifications of the disk and a predeter-
mined “block size”. For example, suppose that innermost
and outermost radial portions of the recording surface 16 are
accessed at a slowest reading/writing speed Vmin and a
fastest reading/writing speed Vmax, respectively. Further,
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suppose that the “number of divided portions” is N and the
“block size” of the innermost radial portion is B. Then, the
block size Bk of a partition K (an innermost radial partition
K is 0) is given by

Bk=Bx(1+Kx(Vmax-Vmin)/(Nx Vmin))

[0113] The algorithm used to store data can be simplified
if the recording surface is divided into partitions such that
the number of data blocks which can be stored in a partition
is equal to that of data blocks which can be stored in any
other partition.

[0114] Moreover, in the data management apparatus 20 of
FIG. 3, data to be read or written is transferred between the
data recording apparatus 10 and an external terminal via the
data input/output control unit 23.

[0115] No description is given of the basic operation of the
entire data recording apparatus, since it is the same as that
performed in the first embodiment shown in FIGS. 8A and
8B (similarly, the operations of the data input/output control
unit 23, the sector information management unit 21 and the
data allocation information managing unit 22 are not
described).

[0116] Referring then to FIGS. 19 to 21, the operation
algorithm used in the data allocation determination unit 24
will be described. Suppose that in this algorithm, the con-
version table is prepared by determining the “block size” on
the basis of the “number of divided portions” and the
reading/writing speed, such that the number of data blocks
which can be stored in a partition is equal to that of data
blocks which can be stored in any other partition. Moreover,
suppose that in the data recording apparatus 10, inner and
outer radial portions of the recording surface 16 are accessed
at a slower reading/writing speed and a faster reading/
writing speed, respectively. That is, under the circumstance
where the recording density is uniform and the rotation
speed is constant, the accessible number of sectors on outer
radial portions in a unit time becomes larger than those on
inner radial portions, because the number of sectors on outer
radial portions is larger than that on inner radial portions.

[0117] As an initializing process, a “block size” and the
“number of divided portions (i.e., the number of partitions)”
as references are set (step S801), and a conversion table
showing a “block size” and a “interval between blocks of
data to be stored” in each partition is prepared on the basis
of the capacity of the disk, the reading/writing speed values
thereof, the “block size” and the “number of partitions” as
references (step S802).

[0118] The data allocation determination unit 24 is kept in
a waiting state until it is invoked by the data input/output
control unit 23 (step S803). When invoked, the data alloca-
tion determination unit 24 obtains the “number of non-used
sectors” from the sector information management unit 21,
and thereby obtaining the “capacity of non-used region”
based on the “number of non-used sectors” (step S804). The
data allocation determination unit 24 compares the “size of
data to be stored” with the “non-used region capacity” (step
S$810), and supplies, when the “size of data to be stored” is
larger, the response indicating that the data cannot be stored
(step S890). The procedure then returns to the step S803.

[0119] TIfit is determined in the step S810 that the “size of
data to be stored” is equal to or smaller than the “capacity
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of non-used region”, the-data allocation determination unit
24 obtains, from the data allocation information managing
unit 22, the number of an innermost non-used sector (step
S810), thereby setting the obtained number to the “start
sector number” (step S812). The data allocation determina-
tion unit 24 initializes the sector list (step S816), and sets the
“size of remaining data” to the “size of data to be stored”
(step S814).

[0120] Thereafter, the data allocation determination unit
24 checks whether or not the “size of remaining data” is
equal to or less than O (step S830). If it is not equal to or less
than O, the unit 24 obtains, from the data allocation infor-
mation managing unit 22, the “number of contiguous non-
used sectors” beginning from the “start sector number” (step
S831), and obtains, using the conversion table, a “partition”
including the start sector, the “block size” and the “number
of sectors between data blocks to be stored” (step S832).

[0121] The data allocation determination unit 24 then
compares the “number of contiguous non-used sectors” with
the “number of sectors of the block size” (step S850). If the
“number of contiguous non-used sectors” is smaller than the
“number of sectors of the block size”, the data allocation
determination unit 24 sets the “block size” to a value
obtained by multiplying the “sector size” by the “number of
contiguous non-used sectors” (step S851).

[0122] Then, the data allocation determination unit 24 sets
the “end sector number” to a value obtained by adding the
“start sector number” to the “number of sectors of the block
size” (step S852), thereby adding the set “start sector num-
ber” and “end sector number” to the sector list to be supplied
(step S853).

[0123] Subsequently, the data allocation determination
unit 24 updates the information stored in the sector infor-
mation management unit 21 (step S854), updates the infor-
mation stored in the data allocation information managing
unit 22 (step S855), and sets the “size of remaining data” to
a value obtained by subtracting the “block size” from the
“size of currently remaining data” (step S856).

[0124] The data allocation determination unit 24 checks
whether or not the start sector is included in an outermost
radial partition (step S870). If it is included in the partition,
the unit 24 obtains the number of an innermost non-used
sector from the data allocation information managing unit 22
(step S871), and sets the obtained number to the “start sector
number” (step S872), thereby returning to the processing in
the step S830.

[0125] If, on the other hand, it is determined in the step
S870 that the start sector is not included in the outermost
radial partition, the data allocation determination unit 24 sets
the “start sector number” to a number obtained by adding a
“present start sector number” to the “number of sectors
between blocks of data to be stored” (step S873), thereby
returning to the processing in the step S830.

[0126] The above-described processing is repeated. If it is
determined in the step S830 that the “size of remaining data”
is less than 1, the data allocation determination unit 24
transfers the sector list to the data input/output control unit
23 (step S886), thereby returning to the processing in the
step S803.

[0127] The above-described processing is performed by
the data allocation determination unit 24 incorporated in the
data management apparatus 20.
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[0128] The data input/output control unit 23 supplied with
the sector list from the data allocation determination unit 24
causes the data recording control unit 13 of the data record-
ing apparatus 10 to store the to-be-stored data in sectors
designated in the sector list.

[0129] Referring then to the flowchart of FIG. 22, the
processing procedure performed in the step S832 using the
conversion table will be described in detail.

[0130] To obtain a partition which includes a target sector
(start sector), a partition number corresponding to the num-
ber of the sector is obtained with reference to the conversion
table (step S901). For example, if the start sector number is
“nl+1”, a corresponding partition number is “2”. Thereafter,
the block size set for the partition which includes the above
sector is obtained referring to the conversion table (step
$902). In this case, the block size corresponding to the start
sector number “nl+1” is “b2”. Further, the “number of
sectors between data blocks of data to be stored”, which will
be used in a later process, is obtained (step S903). In this
case, the number of the sectors is “N2”.

[0131] FIG. 23 shows a recording state of the recording
surface 16, in which a data group A is divided into eight
blocks A0 to A7 and a data group B is divided into eight
blocks B0 to B7.

[0132] In this example, each block of data is stored in the
following manner:

[0133] First, the blocks A0 to A3 of the blocks A0 to A7
included in the data group A are discretely placed at regular
intervals (in units of a partition) on the recording surface
from an inner radial portion thereof to an outer radial portion
thereof. When the last block A3 has been placed on an
outermost radial portion of the disk, the remaining blocks A4
to A7 are also discretely placed at regular intervals (in units
of a partition) on the recording surface from an inner radial
portion thereof to an outer radial portion thereof, similar to
the case of the blocks A0 to A3.

[0134] After the blocks of the data group A are placed, the
blocks of the data group B are placed in the same manner as
those of the data group A. In the FIG. 17 case, the blocks B0
to B7 of the data group B are placed adjacent to the blocks
A0 to A7 of the data group A, respectively.

[0135] Also where the data recording apparatus 10
employs a plurality of recording surfaces, data allocation
similar to the case of employing a single recording surface
is made for each recording surface.

[0136] Since in FIG. 23, the entire blocks of each of the
data groups A and B are stored in dispersed regions and not
in a continuous region, the amount of movement of the head
can be minimized and the required average seek time can be
reduced, even when a request for simultaneously reading the
data groups A and B has been issued and hence even when,
for example, these data groups are alternately read in units
of a block. Moreover, since the blocks of data are placed to
have sizes corresponding to the respective speed values of
access (writing or reading speed values) which are deter-
mined by the positions of the blocks on the recording
surface, the time required for reading or writing can be kept
substantially constant irrespective of the positions of the
blocks, and therefore a substantially constant throughput can
be realized.
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[0137] As described above, in the second embodiment of
the invention, the average seek time can be shortened by
appropriately arranging data at the time of storing the same,
thereby increasing the speed of reading/writing and making
constant the time required for reading/writing. As a result,
the data recording apparatus can be used at its maximum.

[0138] Further, although the algorithm employed in the
data allocation determination unit uses a manner for storing
data on the recording surface from an innermost sector to an
outermost sector, data may be stored from an outermost
sector to an innermost sector, or from a radially intermediate
sector. In these cases, it suffices if the algorithm is modified
to employ a manner for seeking a sector from an outer radial
portion of the recording surface, or from an intermediate
radial portion thereof.

[0139] To store a series of data items, the first and second
embodiments employ a procedure (an algorithm used in the
data allocation determination unit) for successively deter-
mining the position of each of the data items. For example,
in the FIG. 17 or 23 case, the allocation of the data group
A is determined first, and then that of the data group B is
determined. This allocation procedure can be modified such
that the positions of the series of data items are simulta-
neously determined.

[0140] In addition, although in the first and second
embodiments, a single data recording apparatus 10 is con-
nected to the data management apparatus 20, a plurality of
data recording apparatuses 20 can be connected to the same
as shown in FIG. 24. In this case, it suffices if the sector
information management unit 21, the data allocation infor-
mation managing unit 22 and the data allocation determi-
nation unit 24 are adapted to manage information necessary
for each data recording apparatus 10, while the data input/
output control unit 23 is adapted to perform input/output
control of a corresponding one of the data recording appa-
ratuses 10.

[0141] The first and second embodiments are applicable to
a data server apparatus for providing a series of data items,
such as a video server apparatus for use in a video-on-
demand (VOD) system.

[0142] FIG. 25 shows an example of a video server to
which the first and second embodiment are applicable. In
brief, the video server receives, at an arbitrary time, a
request from an arbitrary terminal for supplying video data
thereto, reads the requested data from a data recording
apparatus employed therein and storing a series of video
data items such as movie data, etc., and simultaneously and
sequentially supplies the terminal with the read data in real
time.

[0143] In FIG. 25, a request for accessing video data
issued from a user or an application program, etc. is supplied
via inter-process communication, network communication,
etc. This request for access is transferred from a communi-
cation controller 706 to a central controller 710 via a bus
720. The central controller 710 controls a necessary one of
data recording controllers 704 so as to read the requested
video data. The data recording controller 704 reads the video
data from a corresponding one of data recording units 702,
and writes the read data into a buffer memory 708. The
central controller 710 controls the communication controller
706 so as to send the video data in the buffer memory 708.
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The communication controller 706 sends the video data to a
terminal where the request for access has issued. The central
controller 710 is constituted of e.g. a CPU which executes a
program describing a control procedure.

[0144] To store data in the data recording unit 702, the data
recording controller 704 receives a request for writing and
data to be written, and causes a predetermined one of the
data recording units 702 to record the data.

[0145] By providing the data management apparatus 20
according to the first or second embodiment (shown in FIG.
3 or 24) in the data recording controller 704 of the video
server apparatus constructed as above, data can be recorded
on the recording surface of each data recording apparatus 10
in a manner as described in the first or second embodiment.

[0146] The data allocation apparatus 20 may be provided
in the central controller 710.

[0147] FIG. 25 merely shows an example of the structure
of the data server apparatus. The present invention is appli-
cable to data server apparatuses of various structures. In
other words, the present invention is applicable not only to
a video server apparatus which handles video data, but also
to another type of server apparatus which handles groups of
data items.

[0148] As described above in detail, according to the
present invention, even in a case where a series of data items
must sequentially be accessed in predetermined access units,
e.g., in units of a data block, a situation where the distance
for seeking target sectors continuously increases can be
avoided and hence the required average seek time can be
minimized, since each of the data items is divided into a
plurality of data blocks and arranging the blocks in dispersed
regions of the recording surface.

[0149] Furthermore, in a case where the reading/writing
speed varies depending upon the recording position of data
on the recording surface of the data recording apparatus, the
present invention can realize a constant throughput and a
minimum average seek time by storing a data block of a
large size in a region in which the reading/writing speed is
high, and storing a data block of a small size in a region in
which the reading/writing speed is low. Therefore, the data
recording apparatus according to the invention can be used
at its maximum.

[0150] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
present invention in its broader aspects is not limited to the
specific details, representative devices, and illustrated
examples shown and described herein. Accordingly, various
modifications may be made without departing from the spirit
or scope of the general inventive concept as defined by the
appended claims and their equivalents.

1. A data allocation control method applicable to a data
recording apparatus for writing and/or reading data to/from
a recording surface of a disciform recording medium, the
method comprising the steps of:

dividing data to be recorded on the recording surface into
a plurality of data blocks to be consecutively dealt with;
and

generating allocation information for designating each
location of the plurality of data blocks, such that a
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second data block next to a first data block included in

the plurality of data blocks is located to keep a prede-

termined interval from a location of the first data block.

2. A data allocation control method applicable to a data

recording apparatus for writing and/or reading data to/from

a recording surface of a disciform recording medium, the
method comprising the steps of:

dividing data to be recorded on the recording surface into
a plurality of data blocks to be consecutively dealt with;

generating first allocation information for designating a
location of a first data block included in the plurality of
data blocks; and

generating second allocation information for designating
a location of a second data block next to the first data
block, such that the second data block is located to keep
a predetermined interval from the location of the first
data block.

3. The method according to claim 2, further comprising
the step of controlling the data recording apparatus to locate
each data block in accordance with each of the first and
second allocation information.

4. A data allocation control method applicable to a data
recording apparatus for executing positioning control by
rotating a disciform recording medium and by moving the
head in a radial direction of the recording medium, and for
writing and/or reading data to/from a recording surface to
which the head is positioned, the method comprising the
steps of:

dividing data to be recorded on the recording surface into
a plurality of data blocks to be consecutively dealt with;

generating first allocation information for designating a
location of a first data block included in the plurality of
data blocks;

generating second allocation information for designating
a location of a second data block next to the first data
block, such that the second data block is located to keep
a predetermined interval from the location of the first
data block; and

controlling to move the head to each of the locations
designated by the first and second allocation informa-
tion.

5. The method according to claim 1, wherein the alloca-
tion information includes a sector list in which each location
of data blocks is represented by using sector identifiers
assigned to sectors of the recording surface.

6. The method according to claim 5, wherein each loca-
tion of data blocks is represented by a start sector identifier
and an end sector identifier.

7. The method according to claim 1, wherein in the
generating step, each of the interval between the data blocks
is determined based on a predetermined number of sectors.

8. The method according to claim 1, further comprising
the step of generating size information for designating the
size of each data block, such that the data block to be located
in a region where access speed is higher has a large size and
the data block to be located in a region where the access
speed is lower has a small size.

9. The method according to claim 8, wherein the size
information includes a conversion table used for obtaining
the data block size on the basis of a location of the
corresponding data block.
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10. A data allocation control method applicable to a data
recording apparatus for writing and/or reading data to/from
a recording surface of a disciform recording medium, the
method comprising the steps of:

dividing data to be recorded on the recording surface into
a plurality of data blocks to be consecutively dealt with;
and

generating size information for designating the size of
each data block, such that the data block to be located
in a region where access speed is higher has a large size
and the data block to be located in a region where the
access speed is lower has a small size.

11. A disciform recording medium applicable to a data
recording apparatus for writing and/or reading data to/from
a recording surface of the recording medium, data allocation
for the recording medium comprising the steps of:

dividing data to be recorded on the recording surface into
a plurality of data blocks to be consecutively dealt with;
and

generating allocation information for designating each

location of the plurality of data blocks, such that a

second data block next to a first data block included in

the plurality of data blocks is located to keep a prede-

termined interval from a location of the first data block.

12. A disciform recording medium applicable to a data

recording apparatus for writing and/or reading data to/from

a recording surface of the recording medium, data allocation
for the recording medium comprising the steps of:

dividing data to be recorded on the recording surface into
a plurality of data blocks to be consecutively dealt with;

generating first allocation information for designating a
location of a first data block included in the plurality of
data blocks; and

generating second allocation information for designating
a location of a second data block next to the first data
block, such that the second data block is located to keep
a predetermined interval from the location of the first
data block.

13. A disciform recording medium applicable to a data
recording apparatus for executing positioning control by
rotating the recording medium and by moving the head in a
radial direction of the recording medium, and writing and/or
reading data to/from a recording surface to which the head
is positioned, data allocation for the recording medium
comprising the steps of:

dividing data to be recorded on the recording surface into
a plurality of data blocks to be consecutively dealt with;

generating first allocation information for designating a
location of a first data block included in the plurality of
data blocks;

generating second allocation information for designating
a location of a second data block next to the first data
block, such that the second data block is located to keep
a predetermined interval from the location of the first
data block; and

controlling to move the head to each of the locations
designated by the first and second allocation informa-
tion.
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14. A data server apparatus applicable to a data recording
apparatus for writing and/or reading data to/from a recording
surface of a disciform recording medium, the data server
apparatus comprising:

means for dividing data to be recorded on the recording
surface into a plurality of data blocks to be consecu-
tively dealt with;

means for generating allocation information for designat-
ing each location of the plurality of data blocks, such
that a second data block next to a first data block
included in the plurality of data blocks is located to
keep a predetermined interval from a location of the
first data block;

means for controlling the data recording apparatus to
place each data block in accordance with the allocation
information; and

means, responsive to a request for reading data, for
reading data blocks from the recording surface and
transferring data comprised of the read data blocks to a
terminal where the request has issued.

15. A data server apparatus applicable to a data recording
apparatus for writing and/or reading data to/from a recording
surface of a disciform recording medium, the data server
apparatus comprising:

means for dividing data to be recorded on the recording
surface into a plurality of data blocks to be consecu-
tively dealt with;

means for generating first allocation information for des-
ignating a location of a first data block included in the
plurality of data blocks;

means for generating second allocation information for
designating a location of a second data block next to the
first data block, such that the second data block is
located to keep a predetermined interval from the
location of the first data block;
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means for controlling the data recording apparatus to
place each data block in accordance with each of the
first and second allocation information; and

means, responsive to a request for reading data, for
reading data blocks from the recording surface and
transferring data comprised of the read data blocks to a
terminal where the request has issued.

16. A data server apparatus applicable to a data recording
apparatus for executing positioning control by rotating a
disciform recording medium and by moving the head in a
radial direction of the recording medium, and writing and/or
reading data to/from a recording surface to which the head
is positioned, the data server apparatus comprising:

means for dividing data to be recorded on the recording
surface into a plurality of data blocks to be consecu-
tively dealt with;

means for generating first allocation information for des-
ignating a location of a first data block included in the
plurality of data blocks; and

means for generating second allocation information for
designating a location of a second data block next to the
first data block, such that the second data block is
located to keep a predetermined interval from the
location of the first data block;

means for controlling to move the head to each of the
locations designated by the first and second allocation
information; and

means, responsive to a request for reading data, for
reading data blocks from the recording surface and
transferring data comprised of the read data blocks to a
terminal where the request has issued.



