4T111ﬂ111111111111 111111 1111 1 1 | *159159* - 1
11111111122112212212211211211221122111111 *000002* TITLE OF mmmmmm“
APPARATUS AND METHOD FOR DEFRAGVENTATI ON | N DI SK  STORAGE EECUND
OF THE INVENTION 5 The present invention relates to a disk stoygagg. system
suitable for automatic defragnentati on of fragnented sequenti al ata on a

di sk nedi um by, for exanple, editing. The storage capacity mmumm’m" II
storage system 10 for exanple, a hard di sk drive (hereinaf m mwm,
to as an "HDD') is now showing a tendency to increase. In accorgggse Wth
this, HDDs have cone to be us V- HDDs recordi ng so-called AV
(Audi o Visual) data such as gﬁGﬁﬁ%(ﬁ%ﬂgi %ﬁggy%ﬁﬂgdigital vi deo data, 15
etc. Since AV e alled an AV
stream (data égﬁé‘gﬁ‘;rﬁsﬁ\@ewgg% g-% %%MI&&%I@ %S DD, using a
host system E@S B R sary section of AV data has been cut by
editing, fragmenta t|on of "dat a al ways 20 occurs, which degrades the

per f ormance of the AV-HDD. BIe§éHBBﬁ§36FtEﬁ gﬁgﬁgQ&ghlon of data, it is

necessary to rearrange data ragment ati on, at an

appr oprbat e poi nt ifhd igfRsdrdt UM Un Hd1atds HECHIE: SefSagrmp ation, it

25 is necessary for thé user to operate, at a certain
system suitable for automatic defragmentation of

fragmented sequential data on a disk medium by, for
example, editing.
The storage capacity of a disk storage system,
10 for example, a hard disk drive (hereinafter referred
to as an "HDD") is now showing a tendency to increase.
In accordance with this, HDDs have come to be used as
AV-HDDs for recording so-called AV (Audio Visual) data
such as digital music data and digital video data,
15 etc. Since AV data is temporally-sequenced data, it
is also called an AV stream (data stream).
A user can edit AV data recorded in an HDD, using
a host system. When an unnecessary section of AV data
has been cut by editing, fragmentation of data always
20 occurs, which degrades the performance of the AV-HDD.
To suppress the fragmentation of data, it is necessary
to rearrange data, i.e., to execute defragmentation,
at an appropriate point in time.
In the prior art, to execute defragmentation, it
25 is necessary for the user to operate, at a certain
point in time, a utility program for the

defragmentation. The utility program operates in the



rpoint intine, autility programfor the defragnentation. The utility
program operates in the 2 host system As a result of the execution of
this program fragnented data in the HDD is once transferred to a nenory
in the host system The fragnented data itens transferred to the nmenory
are 5 rearranged so that they can be stored in correct order in the HDD.
Then, they are witten to the HDD. At this tinme, the fragnentation state
of AV data in the HDD is elimnated, whereby the degradation of the
performance of the HDD is avoided. 10 Jpn. Pat. Appln. KOKAl Publication
No. 10-11337 _describes a technique for shifting freguent-use data to an
area in whichnﬂﬁﬁ1%ﬁ??%@nnn%%t?oﬁe§F%Pe°ﬁaEhﬁogxe9BF18§v8foﬁea$ In this

techni que, th f f__dat di ng, | hanced by shifti
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the performance of the HDD. Mreover, in this technique,

this time, the fragmentation state of AV data in the
HDD is eliminated, whereby the degradation of the
performance of the HDD is avoided.

10 Jpn. Pat. Appln. KOKAI Publication No. 10-11337
describes a technique for shifting frequent-use data
to an area in which such a fragmentation state has not
yet developed. In this technique, the performance of
data reading is enhanced by shifting frequent-use

15 fragmented data to a contiguous area. Further, since
the number of areas in which fragmented data items are
stored is reduced, the amount of data to be processed
by a garbage collection process is reduced.

As described above, in the prior art, to improve

20 the fragmentation state of AV data stored in an HDD,
it is necessary to execute defragmentation of AV data
by activating a utility program in a host system.

This technique, however, inevitably involves a
degradation of the performance of the host system,

25 although it can prevent a degradation of the
performance of the HDD. Moreover, in this technique,

during the time defragmentation is executed,



‘during the tinme defragnentation is executed, 3 input/output of data for,
for exanple, reproduction of an AV stream cannot be executed between the
host system and the HDD. To prevent a degradation of the perfornmance of 5
t he host system a nethod coul d be devised where a function for executing
defragnment ati on i ndependently of the host systemis inparted to the
AV-HDD. In this case, however, data sti@ cannot be input/output between

the host systemand the HDD during the time 10 defragnmentation is executed.
In addition, a nethod could be devised where a technique disclosed in the

f i d | j cati 10-11337_1i lied t def tati
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def ragnent ati or 1 I'nput/output of data for, 20 for exanple,
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and the HDD as in t prior art. Furthernore, ft eadi ng performance of

occasi osal - usq PAV A dyistasn,| W RSt RY LHGu T 1198 @61 s8R e SUMVARY OF THE
| NVENTI ON 25 The present” i nventi on has been developed in light of the

above, and ai urid:iiade al@iing def Fagnentation DYaEsORQsvEl g
t enpor al | y- sequenced
of the host system is imparted to the AV-HDD. 1In this
case, however, data still cannot be input/output
between the host system and the HDD during the time
10 defragmentation is executed.
In addition, a method could be devised where a
technique disclosed in the aforementioned publication
No. 10-11337 is applied to a defragmentation process
in the HDD, thereby executing defragmentation only on
15 frequent-use AV data. In this case, the load applied
on the HDD when executing defragmentation can be
minimized, and the reading performance of frequent-use
AV data can be enhanced. However, during the time
defragmentation is executed, input/output of data for,
20 for example, reproduction of an AV stream cannot be
executed between the host system and the HDD as in the
prior art. Furthermore, the reading performance of
occasional-use AV data is as low as in the prior art.
BRIEF SUMMARY OF THE INVENTION
25 The present invention has been developed in light

of the above, and aims to enable automatic

defragmentation by reproducing temporally-sequenced



4 data in response to a request froma host systemto a disk storage
conti guous

system and sinultaneous) reproduced data to a y witing the
area. According to an aspect of the invention 5 Provided a disk storage ,
systemfor witing data to a disk nmedium and reading data from

there is
the disk nmedium This system conprises fragnentati on determ ni ng neans
and controlling neans. The fragnentation_determ ning neans determ nes when
a host system has requested the 10 di sk storagée systemto read
tenporally-sequegc%d data, whether the tenporally-Sequenced data is
fragnented into“8 BI&ﬂaEﬁBpowhedeaab&%%ks n the di sk nedium The
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‘follows which and in part will be obvious fromthe 25 description, or may
be | earned by practice invention. The objects and advantages of the
invention may be realized and obtained by neans of the 5 -
instrunentalities and conbi nations particularly pointed out hereinafter.
BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng
drawi ngs, which are incorporated 5 in agd constitute a part of the
specification, illustrate enbodi nents of “the invention, and together wth
t he general description given above and the detailed description of the

enbodi ments given _bel ow, . .serve to explain the princi,ples aof the invention.
0 FIG 1 is ABFEBReHtadilnes P Cortigat o0 PAhtICHARY according (o a
first enbodinegt gf tg% invent.i 1, FIGS. 2A to 2C are views illustrating

an exanpl e of éBIng, Fr Sﬁgﬁpg ‘data; 15 FIGS. 3A to 3C are views

useful in expl g piRopsiae; Othinge #yHCLERRRRNt 9LbQE BLOggss pexgeybed in

the first enbodi reproduci ng streamtrom a ragnmented AV
e Snenat fon'or AR RIS M 20 MRBIA Y e
are vieys illygt Al p@ndRHRuteORl HIWAYOR HX APIET i¥atd JfRnagenent
i nformation

illustrate embodiments of the invention, and together

with the general description given above and the

detailed description of the embodiments given below,

serve to explain the principles of the invention.

10 FIG. 1 is a block diagram illustrating a hard
disk drive according to a first embodiment of the
invention;

FIGS. 2A to 2C are views illustrating an example
of edited, fragmented AV data;

15 FIGS. 3A to 3C are views useful in explaining, in
outline, a defragmentation process executed in the
first embodiment for reproducing an AV stream from a
fragmented AV track;

FIG. 4 is a flowchart useful in explaining a

20 procedure for the defragmentation process employed in
the first embodiment;

FIGS. 5A and 5B are views illustrating data
configuration examples of a management information
table 500 used in the first embodiment;

25 FIGS. 6A to 6C are views useful in explaining, in

outline, a defragmentation process executed in a

second embodiment for reproducing an AV stream from a



‘tabl e 500 used in the first enbodiment; 25 FIGS. 6A to 6C are views useful
in explaining, in outline, a defragnentation process executed in a second
enbodi ment for reproducing an AV streamfroma - 6 - fragnmented AV track
FIG 7 is a flowhart useful in explaining a procedure for the

defragnment ati on process enployed in the second enbodinent; 5 FIGS. 8A to
8D are views useful in explaining, in outline, a defragnentatlon process
executed in a third enbodiment for reprdducing an AV stream from a
fragmented AV track; FIG 9 is a flowhart useful in explaining a 10
procedure for _the defr tati process enployed in the third

enbodi nent ; Ff éagf@qtseogr@n Cgﬁ'agram illustrating a disk array apparatus
accordi ng to a four odlne ion; and 15 . FIG 11 is a

Vi ew usgf ul in expl ng Jas e"‘b‘iﬂ%rmr olfseaf‘%‘n%fjr%g?r}é% %Wlorﬁg p? ocess
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of the present.jn described with reference to the
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acconpanyi ng draw ngs: ment] FIG 1 is a block diagram
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outline, a defragmentation process executed in a third

embodiment for reproducing an AV stream from a
fragmented AV track;

FIG. 9 is a flowchart useful in explaining a

10 procedure for the defragmentation process employed in
the third embodiment;

FIG. 10 is a block diagram illustrating a disk
array apparatus according to a fourth embodiment of
the invention; and

15 FIG. 11 is a view useful in explaining a
procedure for a defragmentation process executed in
the fourth embodiment for reproducing an AV stream
from a fragmented AV track.

DETAILED DESCRIPTION OF THE INVENTION

20 Embodiments of the present invention will now be
described with reference to the accompanying drawings.
[First Embodiment]

FIG. 1 is a block diagram illustrating the
configuration of a hard disk drive according to a

25 first embodiment of the invention. The hard disk
drive (HDD) shown in FIG. 1 comprises a plurality of

magnetic disks (magnetic disk medium) 11. Each disk



'25 first enbodi nent of the invention.
FIG 1 conprises a plurality of

Each disk 7
at high speed
surfaces. At

t he di sk surfaces) serves as a recordi_ng~surface for

The hard di sk drive (HDD) shown in
magneti ¢ di sks (magnetic di sk nedium 11.

11 is supported by a spindle notor (SPM 12 and rotated by it

. Each disk 11 has two disk surfaces - upper and | ower
| east one surface of each disk 11 (in this enbodi nent,

recordi ng data.

both 5
Two

heads, 13a (HEAD#1) and 13b (HEAD#2), are provided for each recording
surface of each disk 11. To aid clarity, FIG 1 only shows that the heads

13a and 13b are provided for, one recardj,ng 1Q sur f. one disk 11. The
1§36sa|’sélppl9$ré:§dt A ts@l&d&qgérfg:ooratm ggr?d 31Ym each di sk

heads 13a and
11. Although
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includes a traelkoredeg( epltanderrwaliHelds and s efnamfa )bwd 198 a. The track
code is a track address for
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20

25

(HEAD#2), are provided for each recording surface of
each disk 11. To aid clarity, FIG. 1 only shows that
the heads 13a and 13b are provided for one recording
surface of one disk 11. The heads 13a and 13b are
used to write and read data to and from each disk 11.
Although in the case of FIG. 1, an HDD with a
plurality of stacked disks 11 is assumed to be
employed, an HDD with a single disk 11 may be
employed.

Each recording surface of each disk 11 includes a
number of concentric data tracks (physical tracks).
Each recording surface of each disk 11 also includes
servo areas that record servo data used to position
each head 13a or 13b at a target position on a target
track. The servo areas are provided circumferentially
at regular intervals between the inner periphery and
outer periphery of each disk 11. The servo data
includes a track code (cylinder number) and servo
burst data. The track code is a track address for
recognizing a data track. The servo burst data is

position error data used for a track following



'recogni zing a data track. The servo burst data is position error data used
for a track followng 8 _ operation executed to position each head at a
target position on a target data track. A plurality of sectors (data
sectors) are provided between the servo areas. 5 The heads 13a and 13b are
attached to the tips of arns 15a and 15b incorporated in rotary actuators
l4a and 14b, respectively. The actuators 14a and 14b can be driven

i ndependently. The actuators 14a and I4b® include voice coil notors 16a
(VCW1l) and 16b (VCM#2) 10 for independently driving the arns 15a and 15b
ina radial direction, respectively. The, spindl e notor i gomered by a

12 S

driving curr eP&RRAIPIATe EHGOMEL R ROS HriPereash Rt At bFE99%a and 14b
are powered by respective drivi rrents independent supplied 15 from
The Motor dr i Ra RO e Sl SHE TiFck o Rt % S head 1¢ | 10
The head 1 C 19 include read .anplifier for . lifying a read signal read
by the head 13FDrCT0 e thd S Ve Hrpm T e O OLHITER (FAG T9T12 dat a
into a 20\M¢t§%(§grent. The head 1C 19 is connected to a read/wite IC
20. The read/ Wite 1C 20 executes various types of signal processes, such

as an AgD (anal og/gfigifalgs €154 OB p" DEESSt PRcReb6RY SHANAY ps 3 £0di NG
a dec The

process on wite data, an odi ng process on read data, etc.
read/wite | C20Proyd desy a s i d i d oth o5+ Py Sd Bgu A £ £4 gnal

into pul sed

and 1l4b, respectively. The actuators 14a and 14b can
be driven independently. The actuators 1l4a and 1l4b
include voice coil motors 1l6a (VCM#l) and 16b (VCM#2)

10 for independently driving the arms 15a and 15b in a
radial direction, respectively. The spindle motor 12
is powered by a driving current supplied from a motor
driver 17. The actuators 14a and 1l4b are powered by
respective driving currents independently supplied

15 from the motor driver 17.

The heads 13a and 13b are connected to a head IC

19. The head IC 19 includes a read amplifier for
amplifying a read signal read by the head 13a or 13b,
and a write amplifier for converting write data into a

20 write current. The head IC 19 is connected to a
read/write IC 20. The read/write IC 20 executes
various types of signal processes, such as an A/D
(analog/digital) conversion process on a read signal,
a coding process on write data, and a decoding process

25 on read data, etc. The read/write IC 20 provides a
pulsing function for pulsing a read signal into pulsed

read data, and a function for extracting servo burst



'readrdata, and a function for extracting servo burst r r 9 data fromservo
data in response to a timng signal (a burst timng signal) output froma
gate array 21. The extracted servo burst data is supplied to a CPU 24,
where it is used for track follow ng control executed 5 to position the
head 13a or 13b at a target position on a target track. The gate array 21
has a function for generating varioug_téfeg_of timng signals that
includes the burst timng signal, froma read pul se output fromthe 10
read/wite 1C 20, and a function for extracting a track code from servo
data. The track code is su& lijed to the CPU 24, where |t is, used for seek
control execut¥da rrﬂ’)‘%/es?%ép b FSAYESE o-Q 2 t B ERRIt FheR3L 162 A di sk

troll H 2 1.8, CL t host t t hat h DD. Th
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the disk 25 controller 22 itse via the read/wite and t head | C
19, and a buffgr Lol fungdiion for

The gate array 21 has a function for generating
various types of timing signals that includes the
burst timing signal, from a read pulse output from the

10 read/write IC 20, and a function for extracting a
track code from servo data. The track code is
supplied to the CPU 24, where it is used for seek
control executed to move the head 13a or 13b to a
target track.

15 A disk controller (HDC) 22 is connected to a host
system that uses the HDD. The host system is a
digital device such as a personal computer. The disk
controller 22 receives a command (a write command and
a read command, etc.) transferred from the host

20 system, and provides an interface control function for
controlling data transfer between the disk controller
22 itself and the host system. The disk controller 22
also provides a disk control function for controlling
data transfer between each disk 11 and the disk

25 controller 22 itself via the read/write IC 20 and the
head IC 19, and a buffer control function for

controlling a buffer memory 23.



‘controlling a buffer menory 23. 10 The buffer nenory 23 includes a read
buffer 23a for tenporarily storing data (read data) read from each disk
11 and to be transferred to the host system and a wite buffer (wite
cash) 23b for tenporarily 5 storing data (wite data) transferred fromthe
host systemand to be witten to each disk 11. The buffer nenory 23 is,
for exanple, a RAM (Random Access Menor.y . The CPU 24 is a main controller
which controls 10 the entire HDD in accordance with a control program
stored in, for exanple, a FROM (Fl ash Read Only Menory) 25 as a rewitable

latil o In I n i ncl ud i f
) oY el S S [ YNl eIl ol for
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word area for the CPU 24. The gate array 21, disk controller 2 CPU 24,
FROM 255and RAMoZE n3f @a&enneatied dateach ralili¥er rédl Mol @Hé Mbsst27. The

operation of the configuration of FIG 1 will be described. This
enbodi ment i s sgidteacterd 2ze0d YN written to each disk 11. The buffer
memory 23 is, for example, a RAM (Random Access
Memory) .
The CPU 24 is a main controller which controls
10 the entire HDD in accordance with a control program
stored in, for example, a FROM (Flash Read Only
Memory) 25 as a rewritable nonvolatile memory. The
control program includes a control routine for
independently operating the heads 13a and 13b. In the
15 control routine, while one of the heads is reading and
reproducing AV data requested by the host system, as a
temporally-sequenced AV stream, the other head writes
the read data to a contiguous area of each disk 11.
The FROM 25 stores a management information table 500
20 described later.
The CPU 24 is connected to the FROM 25 and a RAM
26. The RAM 26 provides, for example, a word area for
the CPU 24. The gate array 21, disk controller 22,
CPU 24, FROM 25 and RAM 26 are connected to each other
25 by a CPU bus 27.
The operation of the configuration of FIG. 1 will

be described. This embodiment is characterized in



'l ~ 11 that when fragnented AV data is being reproduced from one of the
di sks 11 of the HDD shown in FIG 1, a defragnentation process is

si mul t aneously executed to assenble the fragnented AV data itens in a
contiguous 5 area on the disk 11. The fragnmented AV data itens refer to
tenporal | y-sequenced AV data that are not arranged spatially continuously
on the disk 11. The HDD shown in FIG s used as an AV-HDD for directly
inputting and outputting an AV data stream and is 10 configured to manage
a file systemas described below. Wen a user would |like to edit AV data

Commnd 1o {nE D AT (e SIAC Qo0 ARARTS L6 D ERE SR ehse dat a
ci ting. P GEMORY. G Sl Deiis L TG SR T e
DD, 1 Fom AV SSte A R P s A SR S e

The AV track 18 Ganaal Ty Focordal o B0 ol 1y o phyar a9 ks,

Hovever 5 an AYdaGn diftalqiisk mecor dad o Qitetyei 0@l gd £ ACk &R exi st.
Further, a plurality of AV tracks are generally 25 recorded i n the HDD.

FIGS. 2A and 2RBsowd hempaaitiwsdfuditdlily dfastifl HFORSS on an AV
track 210, using edit

arranged spatially continuously on the disk 11. The
HDD shown in FIG. 1 is used as an AV-HDD for directly
inputting and outputting an AV data stream, and is

10 configured to manage a file system as described below.

When a user would like to edit AV data recorded

in the HDD, they operate the host system to issue an
edit command to the HDD. If the edit command is an
ERASE command to erase data at a designated position,

15 fragmentation of data inevitably occurs after editing.
FIGS. 2A - 2C show an example of editing AV data. In
the description below, to discriminate AV data input
to and output from the HDD, from AV data (contents)
recorded in the HDD (disk 11), the former will be

20 referred to as an "AV stream", and the latter as an
"AV track". The AV track is generally recorded on a
plurality of physical tracks. However, an AV track
that is recorded on one physical track can exist.
Further, a plurality of AV tracks are generally

25 recorded in the HDD.

FIGS. 2A and 2B show the execution of an edit

(erasure) process on an AV track 210, using edit



'12 (erase) commands CWVD1l, CVMD2 and CMD3 for designating the erasure of
data. Further, FIG 2C illustrates an AV track 220 obtained after editing,
in which data blocks 221, 222 and 223 are cut out by the edit 5 process
usi ng the commands CvD1l, CMD2 and CVD3. As a result of this, spaces are

| eft, |leaving data bl ocks 231, 232 and 233 in the AV track 220 fragnented.
Referring then to FIGS. 3A - 3C, a defragnentation process executed to
reproduce an AV 10 streamfroma fragnented AV track will be described
roughly. FIG 3A shows a pre-defragnmented AV track 300. The AV track 300

corresponds to the edited AV, t Kk f_E .1n the AV track 300,
data bl ocks 3(§fa-s Ofog];rbarbd[ﬁ Crgﬂfl’agr‘%g[)feasﬁ&%%t%oere ?l%%atbjr'b%ess, and
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313001 10 T hd B St epr ST Ao A1 B TR T HITAY 1 rack

300 i egUE ; t LAV : t 300 i
subj ;(r:]t (ragst)gn?g, gzgr]‘a?:a]{grrent Z%k}%a:]l 0 Jt%é;tozénddl,se/lo e'mojfrI pﬁ}a%a%%& 3a e
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other head is used to wite the read or reproduced data to a conti guous

For reproduct Fon (Teaciney. ‘ond T he TEADIS (Fead aamy e eed For writing.
The readi ng ofrdsial tAGf ks ,30pdned herdBAIRY, ileakding data blocks
231, 232 and 233 in the AV track 220 fragmented.

Referring then to FIGS. 3A - 3C, a

defragmentation process executed to reproduce an AV

10 stream from a fragmented AV track will be described
roughly. FIG. 3A shows a pre-defragmented AV track
300. The AV track 300 corresponds to the edited AV
track 220 of FIG. 2C. 1In the AV track 300, data
blocks 301 - 303 are cut out as a result of the edit

15 process, and the remaining data is fragmented into
data blocks 311(A), 312(B) and 313(C).

In the embodiment, when reproducing an AV stream
from the AV track 300 in response to a request from
the host system, the AV track 300 is subjected to

20 defragmentation. To this end, one of the heads 13a
(HEAD#1) and 13b (HEAD#2) is used to reproduce the AV
stream, and the other head is used to write the read
or reproduced data to a contiguous area in the HDD
(disk 11). In this case, the HEAD#1l (head 13a) is

25 used for reproduction (reading), and the HEAD#2 (head
13b) is used for writing.

The reading of the AV track 300 by the HEAD#1 is



‘executed for a tine period required for the HEAD#1 to pass through
sections 321, 322 and 323 on the disk 11, in which the fragnented data

bl ocks 311(A), 312(B) and 313(C) are recorded. As a result, the data

bl ocks 5 311(A), 312(B) and 313(C) are continuously read and reproduced as
an AV stream The data bl ocks 311(A), 312(B) and 313(C) read by the HEAD#
are witten by the HEAD#2 as data bIocks1 331(A ), 332(B) and 333(C) to a
contiguous area in 10 the HDD (disk 11), ahlch is different froman area
that store the AV track 300, as is shovvn in FIG 3C.  Thus, in the exanple

tream (E' Che oM S o oSt e pb0r Skt KT e oF B °§€%P%§r£”h29a?2a“fv
. 5

o9 (e Agdead 00, | S expauleshin a9aralk ekt th 1he KeRrodhe h ’

which the d

data bl oiksaé%'wf@% g LR e She R MO T

streamare arypnged spatidloYal@nt lAOLSLYsul S, T ELOTdRla ) 80K sr €2

different fromt e AV track 300. Referring nowto e flowchart

of FIG =, a ﬁﬂfﬁ'echZW)e%& 108 (@ def& aghedi RLbH e r9&§ésana5 execut ed
by the CPU 24 wi | be descri bed Suppose that the CPU 24 has received, via

the di sk cont nadgefducded & commmndstpedigad (reproduce) an AV stream |ssued
14 fromthe host system (step 401). Upon receiving the
The data blocks 311(A), 312(B) and 313(C) read by

the HEAD#1 are written by the HEAD#2 as data blocks
331(A'), 332(B') and 333(C') to a contiguous area in

10 the HDD (disk 11), which is different from an area
that store the AV track 300, as is shown in FIG. 3C.
Thus, in the example shown in FIGS. 3A - 3C, the
operation of writing data blocks forming an AV stream
to the contiguous area in the HDD, which differs from

15 the area storing the AV track 300, is executed in
parallel with the reproduction of the AV stream from
the AV track 300. As a result, an AV track 330, in
which the data blocks 331(A'), 332(B') and 333(C')
corresponding to the data blocks 311(A), 312(B) and

20 313(C) that form a to-be-reproduced AV stream are
arranged spatially continuously, is recorded in an '
area different from the area of the AV track 300.

Referring now to the flowchart of FIG. 4, a

detailed procedure for a defragmentation process

25 executed by the CPU‘24 will be described. Suppose
that the CPU 24 has received, via the disk controller

22, a command to read (reproduce) an AV stream, issued



'read'command fromthe host system the CPU 24 deter- m nes whether or not
the AV stream (target stream) requested by the read command contains
fragnented data 5 (step 402). This determnation is realized by referring
to the managenent information table 500 (see FIG 5) as described later.

If the target stream contains no fragnented data, the CPU 24 determ nes
that the defragnentation process is not fiecessary. In 10 this case, the CPU
24 reads the AV track designated by the read command, thereby executing
standard read control for reprodUC|ng an AV stream On the other hand, if

t he target strean1 n nent CPU 24 detern1 es mhether
or not 15 th ?’ 2’1? %1) Csonetp gt?gds ??B{OW eough to
wite the tar Q%tads grﬂ\ @&%%m‘“&%) sts%yltet?rﬂe

ﬁ{ 4r-""
conti guous enpty area 1arge  enough oS st oIe arge stteam does

ot exi st, e GRUAL SRbeTE RSt W NSRRI A QL Ay 0ceSS

cannot be execute so I n this case, esi gnated AV

track and exegy %st%ua%@art@ler 926 £ Q¥inirind QortGRTRAUGI NehAft AY B£am

fromthe AV trac on the other hand, such an enpty area exists, 25

the CPU524 det(%ﬁ;@gemzt)hat e dRitasTRRialiron PHes8sTed pypossible. In
this case, the 24 executes a step 404. In this step, the CPU 24 sets

the read- star tie¥@rkingP@% ttihen neinageendtARAY hiead ck3a)ate 900 | @ash ng end
of a leading block that is included in the fragnented
FIG. 5) as described later. 1If the target stream
contains no fragmented data, the CPU 24 determines
that the defragmentation process is not necessary. In
10 this case, the CPU 24 reads the AV track designated by
the read command, thereby executing standard read
control for reproducing an AV stream.
On the other hand, if the target stream contains
fragmented data, the CPU 24 determines whether or not
15 the HDD (disk 11) has a contiguous empty area large
enough to write the target stream (step 403). If such
an empty area, i.e. a contiguous empty area large
enough to store the whole target stream, does not
exist, the CPU 24 determines that the defragmentation
20 process cannot be executed. Alsoc in this case, the
CPU 24 reads the designated AV track and executes
standard read control for reproducing an AV stream
from the AV track.
If, on the other hand, such an empty area exists,
25 the CPU 24 determines that the defragmentation process
is possible. 1In this case, the CPU 24 executes a step

404. 1In this step, the CPU 24 sets the read-starting



'dat a'bl ocks of the designated AV track stored in the disk 11. Further, the
CPU 24 sets the wite-starting 5 position of the HEAD#2 (head 13b) at the

| eadi ng end of the above-nentioned enpty area of the disk 11. After that,
the CPU 24 individually noves the HEAD#1 and HEAD#2 to the respective set
positions. As a result, if the read command fromthe host system 10

desi gnates the AV track 300 shown in_flgi 3A, the read-starting position
of the HEAD#1 is set at the |eading en %f the data bl ock 311. After
executing the step 404, the CPU 24 sets, as a transfer size, the size of

t he bl k in whi th -starti iti i t 405) .
he block In LS Lhe 19SSl a0 poSAI L s et (SheR a0l

t he HEA t f t . - St i . iti t at.th t
causes e FEADEL Lo an IO Wia, SR AALILIS, POSLY PR Selualy e step
the U 24 couses Wie ) o COUS o8 28 o g SRR 84 o b deta

read by the H 1,77in the read er-erory 23. At the

step 406, the di ontr 2 r Y, . the data
bl ock stored id(rjfsﬁielclr'each{bﬂu eeIrz’ ftg{egggﬁtﬁft% t%ée)cés[%be Zﬁé%t%hszé%ﬁslk&&]
control ker 22 8¢ ; 4 ashales i at @ddLolst dedid ié‘é‘dfﬁgﬁdﬁ&&'f fer
23a, to the HEAD#2 via the read/wite IC 20 and the - 16 head IC 19,

wher eby the HgADER e idBY MRS Ichal idnfsty thedada tlockidp 1he enpty area
of the disk 11, the wite-starting position of which is set at the step
After that, the CPU 24 individually moves the HEAD#1
and HEAD#2 to the respective set positions. As a
result, if the read command from the host system

10 designates the AV track 300 shown in FIG. 3A, the
read-starting position of the HEAD#1 is set at the
leading end of the data block 311.

After executing the step 404, the CPU 24 sets, as
a transfer size, the size of the block in which the

15 read-starting position is set (step 405).
Subsequently, the CPU 24 executes a step 406. In this
step, the CPU 24 causes the HEAD#1 to read, from the
read-starting position set at the step 404, a data
block of a transfer size set at the step 405.

20 Thereafter, the CPU 24 causes the disk controller 22
to temporarily store the data, read by the HEAD#1l, in
the read buffer 23a of the buffer memory 23. At the
step 406, the disk controller 22 transfers, to the
host system, the data block stored in the read buffer

25 23a. At the step 406, the disk controller 22 also
transfers the data block stored in the read buffer

23a, to the HEAD#2 via the read/write IC 20 and the



'404. During the wite operation of the data block, 5 the wite-starting
position is automatically updated each tinme data of a predeterm ned size,
for exanple, data of one sector, has been witten. Accordingly, in the
case of FIGS. 3A - 3C, the followng read/wite operation is executed.
First, a 10 usual read operation is executed, in which the |eading data
bl ock 311(A) of the AV track 300 is rea ?y the HEAD#1, then tenporarily
stored in the read buffer 23a, and transferred therefromto the host
system In parallel with the read operation, a wite operation is 15

ted, i [ ta bl ock 311 dinth d buf f 23a i
i Lion s {ESEA 4 bl DERORY Ty P EN Tt LR TGUAR. ar oa of
the di sk 11, ' i f f t h . Jghus, in th
emhodi moni . (154 SFLRIGAT P DRI B G AL S TENDAZ for O ded Tor
h di f 1+S; i h
each recordi ng, Sy rt%n# @%%@%%é%&@@% 4 é@aﬂlgaé@ecéromt €

disk 11 and wite data to finishing the process for one

data bl ock, e CPY.4 fetiaranias Shaldiere 06 ot 9L dlpta plogks 25 have

been processe tep 407)~ If any to-be processed data blo is left, the

CPU 24 ghanges H& rift@adstsdar il HdRosd #drPni Hfad thend B ¢ auddiecdgadi ng 17
end of the next data block (step 408). Then, the CPU 24 ‘executes the

processes at therstamdthte! et phedard@sindd $hee hexdr datandlock is read
and transferred to the host systemvia the read buffer 23a. At the
data of one sector, has been written.
Accordingly, in the case of FIGS. 3A - 3C, the
following read/write operation is executed. First, a
10 usual read operation is executed, in which the leading
data block 311(A) of the AV track 300 is read by the
HEAD#1, then temporarily stored in the read buffer
23a, and transferred therefrom to the host system. In
parallel with the read operation, a write operation is
15 executed, in which the data block 311(A) stored in the
read buffer 23a is written as the data block 331 (A')
by the HEAD#2 to the contiguous area of the disk 11,
which differs from the area of the AV track 300.
Thus, in the embodiment, the independently operable
20 HEAD#1 and HEAD#2 provided for each recording surface
of the disk 11 simultaneously read data from the disk
11 and write data to the disk 11.
After finishing the process for one data block,
the CPU 24 determines whether or not all data blocks
25 have been processed (step 407). If any to-be-
processed data block is left, the CPU 24 changes the

read-starting position of the HEAD#1l to the leading



'5 same tinme, this read data block is witten to the area of the disk 11

whi ch follows another disk area that stores a previous data block. In the
case of FIGS. 3A - 3C, the second data block 312(B) of the AV track 300 is
read and transferred to the host system 10 and is, at the sane tine,
witten as the data block 332(B') to an area subsequent to the area of the
data block 331(A ). After processing al{ydata bl ocks, the CPU 24

determ nes that the original AV track 300 as a to-be- 15 read target is no

| onger needed. Therefore, the CPU 24 logically erases the AV track 300 from

pr ocesses (ot opu0t) T T Witk PR F B Hfhed S 220 e ay

track 330, in i ggg% t %ggg% (A, (B d 3(

correspondi ng Z\Q{?(?g{%e a%gc}%aﬁk% 11_(A%3C13?}% B?éﬁdg%%ﬁ%)s% ) tﬁ‘;ég AV
track 300 are aardanged aol ifaudaba i1decorgeddd A &8Pl idg disk 11
different fromthe area of the AV track 300. 25 The enbodi nent constructed

as above provitdes Hdaodtoldyanidig vy aiagesad YuEdeeshe def ragrent at i on
process is executed 18 in the HDD independently of the host system i.e.

the debragnentarid Qimy, 0088 ireDrtel ash ok the bR tdheco hasd Sysiemis
not involved. This neans that there is no possibility of the
def ragnent at i af priecekiss degndadialy fdilEl pes faiownee dfsk herdwsthsyst em
stores a previous data block. In the case of
FIGS. 3A - 3C, the second data block 312 (B) of the AV
track 300 is read and transferred to the host system,
10 and is, at the same time, written as the data block
332(B') to an area subsequent to the area of the data
block 331 (A').
After processing all data blocks, the CPU 24
determines that the original AV track 300 as a to-be-
15 read target 1s no longer needed. Therefore, the CPU
24 logically erases the AV track 300 from the
management information table 500, and finishes the
series of processes (step 409). At this time, in the
case of FIGS. 3A -~ 3C, the AV track 330, in which the
20 data blocks 331(A'), 332(B') and 333(C') corresponding
to the data blocks 311(A), 312(B) and 313(C) of the aVv
track 300 are arranged continuously, is recorded in an
area of the disk 11 different from the area of the AV
track 300.
25 The embodiment constructed as above provides the

following advantages:

1) Since the defragmentation process is executed



*2) While an AV stream designated by the host systemis being reproduced,
the defragnentation process is executed using the AV stream Accordingly,
even while the defragnentation process is being 10 executed, the AV stream
can be output to the host systemw thout interruption. This enhances the
performance of the HDD. 3) For the sanme reason as that stated in item 2),

it is not necessary to dedicate tinme for,the 15 defragnmentation process. 4)
Since data of an AV streamis tenporaril stored in the read buffer 23a to
be transferred to the host system and the stored data is used for

defragnment ati gn, _defragnentation, c be cuted 20 wi .t hout, need of

addi tional merbr )Fg‘?pé@% 1@%@&&4%%% Q&eﬁ%%&ﬁ% Yot t9e Ththagenent
i nformation t%b%e 500n&$ dcﬁp reC;oduce and r.ecord an AV}§88¢%$1 The HDD
shown in FI G “E &RV &ne™ Fafagerent® i Tt i of 'Hat a 25

configurati on?lo%% %S/%gﬁ.ﬂ n .G 1%031 aQSB. THE & éuo%it%es eor.ed in the

FROM 25. The table S "useé to rele € edch AV st'team st or&d on the di sk
L1 of 0 19 000 Pk LB SRk AR A, bl
includes thregglyraldsiFath Y¥rformance of the host system.

2) While an AV stream designated by the host
system is being reproduced, the defragmentation
process is executed using the AV stream. Accordingly,
even while the defragmentation process is being

10 executed, the AV stream can be output to the host
system without interruption. This enhances the
performance of the HDD.

3) For the same reason as that stated in item 2),
it is not necessary to dedicate time for the

15 defragmentation process.

4) Since data of an AV stream is temporarily
stored in the read buffer 23a to be transferred to the
host system, and the stored data is used for
defragmentation, defragmentation can be executed

20 without need of additional memory space.

A description will now be given of the management
information table 500 used to reproduce and record an
AV stream. The HDD shown in FIG. 1 employs the
management information table 500 of data

25 configurations as shown in FIGS. 5A and 5B. The table
500 'is stored in the FROM 25. The table 500 is used

to relate each AV stream stored on the disk 11 of the



5 50 is us elds Spl Y of specifying ea 1 ch AV ed to set an AV stye. 502
and 503 strew streamto amnane for mnane is inparted b be nanaged. The
AV ERVE field) 502 is u by the host system |ogical block addresse sed to
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‘'msystemthe CPU 24 AV stream desi gnated anagenent information refers to
the entrie by the stream on table 500 s in the the basis of the that
manages the of the field 20 503, the CPU 24 determ nes whet her or not the
| ogi cal block address ranges set in the field 502 for the entry referred
to include a non-continuous portion. Thus, the determ nation at the step
402, i.e. the 5 determnation as to whethier or not a target stream
contains fragnented data, is executed. I'h"the case of entry exanples for
the AV stream STRW1 in FIG 5A, an area wth addresses 1000 - 4500

reserved for AY. s STR\VEL caont al rea portions havjng, data erased
10 by editi ng%%l%r'i t estd’ch):?,‘l iS5 S rﬁr}Pﬁa FhaAT e e efa‘?ﬁg 1
contains frag t ed (step 402) wher.eby a tiguous enpty area | arge
enough to co%ﬁ%‘% ta%g&r%tsrseécrﬁqwq sl%etg}%kéhecf%ré(%t P 405 . The
managenent i nf.Qr i tak 0Q red _ I e search for an
enpty area. | é:u hr%nrfeerrptqi t%agedaahlgog Ea;ennoq}je(gbg%t%%&%&f% r}lmsr-str1('aosrtla'rved and

entered in tHA ENAGRIRAL GBI Alle U SOFT by, defyagnentation

is executed. FI'G '5B shows a case ere _?esses 10001 -
13501, which hia%erdl ihs ctal FaRtidle desiived Al ffemidh-addr esses 1000

- 4500 and is independent of the reserved area, has been detected and
new y reservegon®aimeffragimtid aatdeliagmiaiddn it execwash e
entry examples for the AV stream STRM#1 in FIG. 534, an
area with addresses 1000 - 4500 reserved for the AV
stream STRM#1 contain area portions having data erased
10 by editing. In this case, it is determined that the
stream STRM#1 contains fragmented data (step 402),
whereby a contiguous empty area large enough to
contain the stream STRM#l is searched for (step 403).
The management information table 500 is referred
15 to in the search for an empty area. If such an empty
area has been detected, it is-reserved and entered in
the management information table 500, whereby
defragmentation is executed. FIG. 5B shows a case
where the area with addresses 10001 - 13501, which has
20 the same size as the reserved area with addresses
1000 - 4500 and is independent of the reserved area,
has been detected and newly reserved for
defragmentation. Defragmentation is executed by
continuously writing fragmented data that forms the
25 STRM#1, to the newly reserved area, in parallel with
the operation of reproducing the STRM#1l.

In the defragmentation process executed during



‘contirnuously witing fragnented data that forns the 25 STRW1, to the newy
reserved area, in parallel with the operation of reproducing the STRMW{1.
In the defragnentation process executed during 21 the reproduction of an
AV stream it is necessary to search for a |ogical block address assigned
to each fragnmented block data included in the AV stream (target strean)
The managenent information table 500 5 is,referred to in the search for the
| ogi cal bl ock address. For exanple, wheh setting the read-starting
position of the HEAD#1 at the steps 404 and 408 in FIG 4, the CPU 24

f to th i .nf ti bl e 500 t i a |l eadin
| ogical 10 bl 6OF SaR e God d Teiihy thel oM eerHATY dof a bl ocks,
o el SRR e W o TRPRER R, SRR PRRORT DA !
d- starti i L t i he step 405 is
(rjg?er msngg :‘pg%ggﬁgﬂt%?dibﬁlglgéamn?atta?ér{claln%géﬁe%glfr}:;&%%\é%%%éésses o1l‘o t he !

bl ock. h i £ d
data bl oc '(Qa%%gfﬁﬁm)i'hg@%eﬁéﬁ%&gwﬁfﬂrﬁ% o§ptabf1%0 Pt e

data bl ocks are r W t resses 1500,

1504 - 2200, 4Q 220Qrretf3b 30Ge 28RNELBY e -1 1 WY Gy ar e

included in the area with initially reserved addresse% 1000 - 4500.

Accordingly, tieireddresses ¥Qhp1k504vher?50; + B3RO0 Ntk SRP2s@d e 58§ i N this
order as the read- starting position of the HEAD#1. Furthernore, sizes

position of the HEAD#1 at the steps 404 and 408 in
FIG. 4, the CPU 24 refers to the management
information table 500 to acquire a leading logical

10 block address, assigned to a leading one of target
data blocks, from the field 503 of the entry that
manages a corresponding target stream. The (physical
address of) logical block address indicates the read-
starting position. Further, a transfer size set at

15 the step 405 is determined from the leading and
trailing logical block addresses of the data block.
In the case of the AV stream STRM#1 in FIG. 5A,
fragmented data blocks are recorded in the area
portions with addresses 1000 - 1500, 1504 - 2200,

20 2500 - 2634, 3000 - 3280 and 3502 - 4043, which are
included in the area with initially reserved addresses
1000 - 4500. Accordingly, the addresses 1000, 1504,
2500, 3000 and 3502 are set in this order as the read-
starting position of the HEAD#1. Furthermore, sizes

25 of 501 bytes, 697 bytes, 135 bytes, 281 bytes and
542 bytes are set in this order as the transfer size

of each fragmented data block.



*25 of 501 bytes, 697 bytes, 135 bytes, 281 bytes and 542 bytes are set in
this order as the transfer size of each fragnented data bl ock. 22 After
normal Iy finishing the operation of continuously witing each fragnented
data block to a corresponding newy reserved area (10001 - 13501), the
area (1000 - 4500) reserved for original data is 5 returned to the
non-reserved state. In other words, aft t he defragnentati on operation
normal ly finishes, a correspondlng resefVed area is unreserved. This
process is realized by erasing information concerning the area fromthe
managemnent inforna iQn table 3500 #O W.th the result that t area i s reset
as enpty one. ' NG 11t PReFITIMR D#l (head
13a) can at Ieas .read d the H n.at_least wite
data. However° Rr‘-l UG ofwr&s&allg eeaa@% %gé“%bqéercgtﬁ}%r% PIgCk Fhrdferabl e
that 15 the H t e ﬁgﬁ an e ctions
as usual headsléA??é? éﬂE@?ﬂé@éﬁ%é]ﬁ% {&) %ér“gt(le di rrgln%%i)n’ or%gr to
execute defrg nt3thigen oqg% %Qﬁgﬂgggj P 20 with the
reproduction o?ggn(Av strean1correspon I ng tC)%%?b%g%t?% , |t i S necessary
to secuse a CQRELGHRES t LB rRrLa dABRENOUNL O ﬁi%@qéﬁ‘%oﬁ}és’s”eam A
description wll now be given of a second enbodi nent, 1in

def ragnent at i @tean the @Mﬁ@ﬂﬁhﬂ%@ld@r&&dﬁtﬁbm@lwmm&té@n of an

AV streameven if there is
a corresponding reserved area is unreserved. This

process 1is realized by erasing information concerning
the area from the management information table 500,
10 with the result that the area is reset as empty one.
In the embodiment, it is sufficient if the HEAD#1
(head 13a) can at least read data, and the HEAD#2
(head 13b) can at least write data. However, in light
of usual read/write operations, it is preferable that
15 " the HEAD#1 and HEAD#2 each have both the read and
write functions as usual heads.
[Second Embodiment]
In the first embodiment, in order to execute
defragmentation on a fragmented AV track in parallel
20 with the reproduction of an AV stream corresponding to
the AV track, it is necessary to secure a contiguous
empty area large enough to store the AV stream. A
description will now be given of a second embodiment,
in which defragmentation can be executed in parallel
25 with the reproduction of an AV stream even if there is
no such empty area. A hard disk drive (HDD) employed

in the second embodiment has a hardware configuration



‘no such enpty area. A hard disk drive (HDD) enployed in the second

enbodi nent has a hardware configuration - 23 simlar to that of FIG 1.
Therefore, the configuration of FIG 1 is utilized for the sake of

conveni ence. Referring first to FIGS. 6A - 6C, the outline of 5 a
defragnent ati on process executed when reproducing an AV streamfrom a
fragmented AV track will be described. Aggre defragnentati on AV track 600
shown in FIG 6A corresponds to an edit AV track 220 showmn in FIG 2C.
In the AV track 600, data bl ocks 601 10 603 are erased as a result of the

editing process nd .th ma taigs fragnented into data bl ocks 611
(A) , 612(B) éﬁﬁ”@fﬁ% qvﬁﬁiﬁaPégﬁ%h ﬁ%? ﬂ?remh €reproduci ng an AV
stream fromt £ k 600 nse to st .45 fr e host
system defra%%él#;{ \{%ﬁt nﬁg%etﬂg %bf %{Jt%}des??r]g?t% eously. To
this end, thef?lﬁ)%% d 13a) is used for reprodu0| ng (reading), and the

HEAD#2 (head I's used for WW|t|ng As shown in FIG 6B, the HEAD#1
reads the AVtrack@@%]ng{p%l ti t he~H 1,

portions 621, 622 an ﬁ/lone ot;w Iﬁfe]é!dl sks 11§c ﬁ@?ﬁﬁ‘é c?r agnent ed
data bl gcks 6L1R)sr é@@@dqf%jen r:?é;?:?&éﬁé’ﬁ% .af's @

result, the data bl ocks 611(A) 612(B) and 613(C) are continuously read

aﬂd 25hreprodwe%ta§eaan A6t e gidie: Skat @y bt pekis Bi2( B)e and 613(C) ot her
than the

described. A pre-defragmentation AV track 600 shown
in FIG. 6A corresponds to an edited AV track 220 shown
in FIG. 2C. In the AV track 600, data blocks 601 -

10 603 are erased as a result of the editing process, and
the remaining data is fragmented into data blocks
611(A), 612(B) and 613(C).

In the second embodiment, when reproducing an AV
stream from the AV track 600 in response to a request

15 from the host system, defragmentation on the AV track
600 is executed simultaneously. To this end, the
HEAD#1 (head 13a) is used for reproducing (reading),
and the HEAD#2 (head 13b) is used for writing. As
shown in FIG. 6B, the HEAD#1 reads the AV track 600

20 only during the time the HEAD#1l passes over portions
621, 622 and 623 of one of the disks 11, in which the
fragmented data blocks 611(A), 612(B) and 613(C) are
recorded, respectively. As a result, the data blocks
611(A), 612(B) and 613(C) are continuously read and

25 reproddced as an AV stream.

The data blocks 612 (B) and 613(C) other than the

leading data block 611(A), which have been read by the



‘| eadi ng data bl ock 611(A), which have been read by the 24 HEAD#lI, are
sequentially witten by the HEAD#2, as data bl ocks 632(B) and 633(C) as
shown in FIG 6C, to an area extending fromthe trailing end of the area
in which the | eading data bl ock 611(A) is recorded. The 5 | eading data

bl ock 611(A) is treated as a data block 631(A) in the area in which the
data block 611 is recorded. In other wo €§, in the exanple of FIGS. 6A -
6C, an AV streamis reproduced from the é\ track 600. Further, an AV track
630, wherein the data 10 bl ocks 611(A), 612(B) and 613(C), which formthe

AV stream are_continuously arran as the data blocks _ 6 A), 632(B) and
633(C), is re@gﬁﬁ@&'iﬁﬁﬂ1 %ﬂ%ﬁ?tégii¥zﬂf%qﬁ§9“P¥rEﬁ% %ﬁkPégét%Fno ggpl

7 et ai| oBaBPOLRERAR (0 Ble A6 AN AT AP PIBCURS TR S Shcond
The host syst & 5o SHRstEting daR S o (Db oS AL 20
Strean) ¥ equoltas by The Eone 1 SATHe Thatkyet s aFne MSgment od
dat a, o CPU SH AE T ot ek T o ol D5 S Sk port o bervean

fragment ed datgaiflagcks, ithe QGGEPIRH Y O Nele A B (15168 768) - 14 f the disk
portion between the data bl ocks is

recorded. In other words, in the example of
FIGS. 6A - 6C, an AV stream is reproduced from the AV
track 600. Further, an AV track 630, wherein the data

10 blocks 611(A), 612(B) and 613(C), which form the AV
stream, are continuously arranged as the data blocks
631(A), 632(B) and 633(C), is recorded in the same
area as the AV track 600, with no gaps between
adjacent data blocks.

15 Referring then to the flowchart of FIG. 7, a
detailed procedure for the defragmentation process in
the second embodiment will be described. Suppose that
the CPU 24 has received, from the host system, a
command to read an AV stream (step 701). At this

20 time, the CPU 24 first determines whether or not the
AV stream (target stream) requested by the command
from the host system contains fragmented data (step
702). If the target stream (AV stream) contains
fragmented data, the CPU 24 determines whether or not

25 a disk portion between fragmented data blocks is
occupied by other data (step 703).

If the disk portion between the data blocks is



‘25 occupied by other data, the CPU 24 executes standard read control for
reading a designated AV track and reproducing an AV stream On the ot her
hand, if the disk portion between 5 the data blocks is occupied by no
data, the CPU 24 determ nes that a defragnmentati on process can be
executed. In this case, the CPU 24 executes a step 704. Specifically, the
CPU 24 sets the read-starting position of the HEAD#1 (head 13a) at the

| eadi ng end 10 of the |eading one of dat@>blocks that is included in the
designated AV track stored on the disk 11. Further, the CPU 24 sets the
wite-starting position of the HEAD#2 (head 13b) at the trailing end of
the |eading @fCuWFlahdAth e otk i neheidery i 24 t exegstdessgaadadd AV track.
After that, the CPU 24 noves the HEAD#l and HEAD#2 to respective set
positions. As k£ad &Qikrod fehereadingrréeshgnatedrA¥ktsa0kstd®n in FI G
6A is designated, the read-startin osition of the HEAD#1 is set at the
| eadi ng end off §H& %%@Q@%aﬁ%’?ﬁ%ck 611 of the AV track 600. Further,

e it eostarti nposidionof Ao FEAPR Lo tel abotbe Lietling, end of
104, 1% O 32218 30088 84 S0 S180 nd 2200 Ll Jpacing cata
Subsequently, {h& (HRYUat SEEY &Fe AR 001 orPSELELSE! LYy b CPU
executed. 1In this case, the CPU 24 executes a step
704. Specifically, the CPU 24 sets the read-starting
position of the HEAD#1 (head 13a) at the leading end
10 of the leading one of data blocks that is included in
the designated AV track stored on the disk 11.
Further, the CPU 24 sets the write-starting position
of the HEAD#2 (head 13b) at the trailing end of the
leading one of the data blocks included in the
15 designated AV track. After that, the CPU 24 moves the
HEAD#1 and HEAD#2 to respective set positions. As a
result, in the case where the AV track 600 shown in
FIG. 6A is designated, the read-starting position of
the HEAD#1 is set at the leading end of the leading
20 data block 611 of the AV track 600. Further, the
write-starting position of the HEAD#2 is set at the
trailing end of the leading data block 611 of the AV
track 600.
After executing the step 704, the CPU 24 sets, as
25 a transfer size, the size of the leading data block in
which the read-starting position is set (step 705).

Subsequently, the CPU 24 executes a step 706.



data bl ock of the 24 26 causes the HE fromthe read-start, transfer size
set a Ap#l1 to read a artin at the 5 Subsequently, the Cp g position set at
th step 705J1 to tem U 24 causes the step 704, the re porarily store the
data S the disk control re ler 22 step 7ad buffer 23a of the buffer ad by
the HEAD#1 syst 06, the operation o nenory 23, in is emeach data bl ock
of transferring, to % At the 10 t executed by tB& disk Stdred in the read
he host to be trans Bﬁﬁédi@él§ controller 22. buffer 23a block, is |eft
int first i.e, The(ghe | ea da X'btbekcpghﬁ defragnentati he same recording
a ding data fromthe O g s..a rea eve 4a¢ae§eSV¥%h ref erencasece of
the data bl ock as i§;61sl cIeaﬁ?@’UﬁﬂQﬁ§gpo 15 reprédudEa PI.GS. GA 1631)
explain ed e the 6 ﬂ@céhdigg%ﬁ oper at i 0N 16 lseiadi ng data bl'ock® raaw 4 he
block is this bloc@hh§ not ne theSWkting Ces ar to tﬁeaHEABQZ pot
transferred froms 'y, 38l After s d%?sihéoﬁe@gtbuffer 2355P2005 he
read-startiné execg&igg the s éptﬂftﬂpdﬂy% at the St

mp ; Causeg th ep 704,

® digk
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Tread by the

€Xec
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20 uti
he Ng the
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‘pos 'CPU |l eading end of the ition of the HEAD#1 24 Changes 'urthernp next
data bl to the the size re, the CPU 24 sets, ock step 707). CPU 24 of the
next data bloc as the transfer size, 25 causes executes a step 7pg k (step
708) Then the HEAP Specific , the size set #1 to read a data Specifically,
the CPU 24 position the step 70%, fromblock of the transfer changed at
the step 7 the read-starting 07, Subseqqg?tly, the 27 CPU 24 causes the

di sk controller 22 to tenporarlly store“the data read by the HEAD#1 in the
read buffer 23a of the buffer nenory 23. At the step 709, the operation

f f i he h h d | ock d h d

U o1 234 { 5 COVecih GRUSRF (HE GHald GO o Bt 222 56 FRbStep: foo, each

d bl ock d h d buyff t f d t he di sk

cont ol or 238 End NERBIZ AR the VMR e The F et RS 1 C 10,
| 1, f k d h

As a 10 resu gaggefa%g, o 34 AL Pl %J&;%ea%t stdeggayqﬁjotgg? in the

read buffer area ext from the préesen .
o sarti s o6 sieebefog oG ol SRR
6C, thes fol | uirag Hl%ciz Wildi PRAT A da GRPFHE LD 34 {Stexdoutiiyal Tead
operation is executed, 1n which the |eading

by the disk controller 22. At the step 709, each data

block stored in the read buffer 23a is also

transferred by the disk controller 22 to the HEAD#2

via the read/write IC 20 and the head IC 19. As a

10 result, the operation of writing each block data
stored in the read buffer 23a to a disk area extending
from the presently-set write-starting position is
executed, using the HEAD#2, in parallel with the
aforementioned operation.

15 Accordingly, in the case of FIGS. 6A - 6C, the
following read/write operation is executed. First, a
usual read operation is executed, in which the leading
data block 611(A) of the AV track 600 is read by the
HEAD#1, then temporarily stored in the read buffer

20 23a, and transferred therefrom to the host system.

The data block 611 is left in its original area on the
disk 11 and treated as the defragmented data block

631(A). Subsequently, another usual read operation is
executed, in which the second data block 612(B) of the

25 AV track 600 is read b& the HEAD#1, then temporarily

stored in the read buffer 23a, and transferred

therefrom to the host system. In parallel with this



+dat a' bl ock 611(A) of the AV track 600 is read by the HEAD#I, then
tenporarily stored in the read buffer 20 23a, and transferred therefromto
the host system The data block 611 is left inits original area on the
disk 11 and treated as the defragnented data block 631(A). Subsequently,
anot her usual read operation is executed, in which the second data bl ock
612(B) of the 25 AV track 600 is read by_the HEAD#l , then tenporarily
stored in the read buffer 23a, and transt@rred therefromto the host
system In parallel with this 28 read operation, a wite operation is
executed, in which the data bl ock 612 stored in the read buffer 23a is
witten as th&e@st 2RFGALBI2(BWIHES RPN tS FEUER@a 1™l uded in

the area stobPrght AEA Gtk R TIHALPIN (S 15he IR (T bt ehet BPU 24
whot her or - ndt TR T GdVE e IR prR s (e A2 1T any
at the step 707 dat At RALd T AT TR LT ana
the read datat0lsor Tt PreR & b Dol bi € erfdis e "Hiedh Tol | owe
5A - '6C, “the Chrrd B DI R e A T P 500 s read and
transferred to the fi0gl ©M&d &Re CPU 24 has processed one data block
after the leading data block, it determines whether or
not all data blocks have been processed (step 710).
10 If any to-be-processed data block is left, the CPU 24
re—-executes the processes at the step 707 et seq. As
a result, the next data block is read and transferred
to the host system via the read buffer 23a. At the
same time, the read data block is written to the area
15 of the disk 11, which follows another disk area that
stores a previous data block. In the case of
FIGS. 6A - 6C, the third data block 613(C) of the AV
track 600 is read and transferred to the host system,
and is, at the same time, written as the data block
20 633(C) to an area subsequent to the area of the data
block 632.
After processing all data blocks, the CPU 24
determines that the original AV track 600 as a to-be-
read target is no more necessary. Therefore, the CPU
25 24 logically erases the AV track 600 from the
management information table 500, and finishes the

series of processes (step 711). At this time, in the



‘and i's, at the sane tinme, witten as the data bl ock 20 633(C) to an area
subsequent to the area of the data block 632. After processing all data

bl ocks, the CPU 24 determ nes that the original AV track 600 as a to-be-
read target is no nore necessary. Therefore, the CPU 25 24 |ogically erases
the AV track 600 fromthe nmanagenent inf ormation table 500, and finishes
the series of processes (step 711). % istinme, inthe - 29 case of
FIGS. 6A - 6C, the AV track 630, in mhlc the data blocks 631, 632 and 633
corresponding to the data blocks 611, 612 and 613 of the AV track 600 are
arranged conti nuousI%F IS recorded in the sane area 5 (reserved area) of

£ iG%e

the disk 11 a§3SKaP AP T & B AitTRde YHbs betwikken ddjsacent

dat a bl ocks. under st ood. from the above description, the second
enbodi ment | sé% g’ﬁ&ﬁﬁusm]vn ianbrP1d qwemﬂ%e‘:%b‘%%’ faf& rom t he

first embodiment, i t def ti b ted
whi e an AV ELPEAR G r?ét%cfrﬁf th ahe cri 3 A% epr oduced
if th L h to store the AV
Gt T oam (1 ar goP "RE R Cora TS n L et OL%% SE‘#&% TS onbi ned.
15 In ogher words,e Ifed *%.%% ' So@d;%%gtd@é%?“ﬁe .eh: C?If-he e%g\{etnroucq{h to

store a target stream rep duce IS Wi y area, as in

the first engod nmentey haﬂ}lgﬁﬁﬁlﬁat*@éﬁl45?55éﬁ¥(5353'5555ﬁ3the target

stream On the ot her here 1s
As understood from the above description, the

second embodiment is advantageous, in addition to the
advantage obtained from the first embodiment, in that
10 a defragmentation process can be executed while an AV
stream designated by the host system is being
reproduced, even if there is no contiguous empty area
large enough to store the AV stream (target stream).
The first and second embodiments may be combined.
15 In other words, if there is a contiguous empty area
large enough to store a target stream, reproduced data
is written to the empty area, as in the first
embodiment, in parallel with the reproduction of the
target stream. On the other hand, if there is no
20 empty area, reproduced data is written to its original
area (reserved area), as in the second embodiment, in
parallel with the reproduction of the target stream.
[Third Embodiment]
The first and second embodiments require
25 independently-operable two heads for each recording
surface of each disk, to execute a defragmentation

process and the reproduction of an AV stream in a



‘20 enpty area, reproduced data is witten to its original area (reserved
area), as in the second enbodinent, in parallel with the reproduction of
the target stream [Third Enbodi ment] The first and second enbodi nments
requi re 25 i ndependently-operable two heads for each recording surface of
each disk, to execute a defragnentation process and the reproduction of an
AV streamin a - 30 parallel manner._Ongghe_other hand, in a third

enbodi ment of the invention, a defragnentation process and the
reproduction of an AV stream can be executed in a parallel manner, even if

only one head o] or £a rf e in.the prior

art. The thi rgat%r?gol 4 Yr{at%%%rlfl g‘h’lscr&'%{egll r}%rﬁ& erg‘%(l:e ?o FIGS. 8A to
8D and 9. A h ri has a
har dwar e con%?%&?&ﬁégﬁ so:é% h(aér_'q?g)v t of d(?: %f%rﬁ%ker%f or eofglll{)@%%e

configurationagly Fhe rbdrdpddddiAed CHn e swe% O arf QoW €L However
suppose that the third “enbodi nent enploys only the head 13a ( 1) for
each recording auihaca ¢l Mhamliskedd SURROSE dhathdde physi cal tracks
on each disk 11, 5 which contain an AV track, are two tracks, 800(#n) as

shown ip FIG p&Avam@oBMr#readh aedd¥iihd st G cd8his ﬂﬂchﬁélaérme AV track
has not yet been subjected to defragnentation. On the track 800(#n), data

bl ocks 801 - a@®3 amdhecuthiod eadbcalimesid twifl esd tdewsr Bkl thiee 120 r enmi ni ng
data is fragnented into bl ocks 811(A),
reference to FIGS. BA to 8D and 9. A hard disk drive
(HDD) employed in the third embodiment has a hardware
configuration similar to that of FIG. 1. Therefore,
10 the configuration of FIG. 1 is utilized for the sake
of convenience. However, suppose that the third
embodiment employs only the head 13a (HEAD#1) for each
recording surface of the disks 11.
Suppose that the physical tracks on each disk 11,
15 which contain an AV track, are two tracks, 800(#n) as
shown in FIG. 8A and 820 (#n+l) as shown in FIG. 8B,
and that the AV track has not yet been subjected to
defragmentation. On the track 800(#n), data blocks
801 - 803 are cut out as a result of editing, and the
20 remaining data is fragmented into blocks 811 (A),
B12(B) and 813(C). On the other hand, on the track
820 (#n+1), data blocks 821 - 823 are cut out as a
result of editing, and the remaining data is
fragmented into data blocks 831(D), 832(E) and 833(F).
25 Suppose that the portion between the data blocks

811(A) and 812(B), the portion between the data blocks

812 (B) and 813(C), the portion between the data blocks



'812(B) and 813(C). On the other hand, on the track 820(#n+1), data bl ocks
821 - 823 are cut out as a result of editing, and the remaining data is
fragnented into data bl ocks 831(D), 832(E) and 833(F). 25 Suppose that the
portion between the data bl ocks 811(A) and 812(B), the portion between the
data bl ocks 812(B) and 813(C), the portion between the data bl ocks 31
831(D) and 832(E), and the portion begmegg the data bl ocks 832(E) and
833(F) are not occupied with any other ta. In this enbodi nent, when
reproducing an AV stream 5 froman AV track, the follow ng process is

executed, under. the coptrol of the CPU 24, in units of physical tracks
that formt he%girle(éjs? 9 15 (B 4 rafdk the (Rerticon betweprntid dREa bl ocks

are read by the H m_a,t physi cal track, are, then tenporarily
stored 10 in Pﬁ@%%#ﬂera%aﬁgﬁ%) AT (P FeTHREE ViHR @Mbst system
(steps 901 - %%%Ex-%ﬁﬁﬁg the disk 11 is rotated by one rotation fromthe
read-starting ~ position on the physical track, data blocks in the read

buffer 23a, i.e. dq?g1?k§§ 3 ﬂ@ﬁfﬁ%#fyewﬁgﬁnréﬁﬁéd&é ﬁgag%gﬂ?nlthgaﬁhysical

track, are witten ysical track, be nnlngla eading end of

1 P2 i T it PR 2 e 7 50

and 907). However, the portion betwe ‘ocks on

the physical 20 ddrahStQUR Yhess da. chhe Physt aalids 36K proys fupi ect ed
only to data reading (steps 903 and 911).

tracks that form the areas for the AV track. First,
all fragmented data blocks are read by the HEAD#1 from
a target physical track, are then temporarily stored

10 in the read buffer 23a, and are transferred to the
host system (steps 901 - 905). After the disk 11 is
rotated by one rotation from the read-starting
position on the physical track, data blocks in the
read buffer 23a, i.e. data blocks which have been just

15 read from the physical track, are written to the
physical track, beginning at the leading end of the
physical track, without any gap between the data
blocks (steps 906 and 907). However, if the portion
between the fragmented data blocks on the physical

20 track store other data, the physical track is
subjected only to data reading (steps 903 and 911).

Accordingly, in the case of the physical track

800 (#n) shown in FIG. 8A, the data blocks 811(a),
812(B) and 813(C) are sequentially read by the HEAD#1,

25 then temporarily stored in the read buffer 23a and
transferred to the host system (steps 904 and 905).

In this state, suppose that the position of the HEAD#1



‘Accordingly, in the case of the physical track 800(#n) shown in FIG 8A,
the data bl ocks 811(A), 812(B) and 813(C) are sequentially read by the
HEAD#1, 25 then tenporarily stored in the read buffer 23a and transferred
to the host system (steps 904 and 905). In this state, suppose that the
position of the HEAD#1 32 coincides with the |eading end of the physical
track 800(#n) as a result of one rotati of the disk 11. At this tine,
as shown in FIG 8C, the read data blo in the read buffer 23a, i.e. the
data blocks 5 811(A), 812(B) and 813(C), are sequentially witten, as data
bl ocks 841(A), 842&5}@ and %43 O, by the HEAD#1 to a contiguous area

ext endi ng fr ofPLRELCESd Vi FAFLNG K DIREIth RYEACHOHBADK with no

bet data bl ock t 906 and 907). A . 10 this tine,
data stored | ROGTHE cAoor CRAUY £ B HOLasen & (F diek Biock 843(0)
is logically %E:ai}%qfs 3@%@%%% % toq-%ﬁé{aﬁls%&éﬂ%% [ usquecagf Cflartg?gn_ use area
844. Subsequently, " th i f the iﬂﬁ? i k 800(#n) to
t he | eadi t ' ical tirack , 820 1), 1n thi tate,
the ' data bl oBRECEILD) MDY MM BB (RE ars SedtentI A 4Us by the -
FEADEL Srom tReiRRysT gl EhaChSHFHML) ard %?ﬁ&e‘?{’&i%rslff p'vgroij.ltoef ed in the

read buffer 23a and’ transferred to host tem and 905). 20

e e SoA=gSht, had ead Ol e in e SRR o) g 1 Len Lo e
position HEAD#1 to a contiguous area extending from the leading

end 840 of the physical track 800(#n), with no gaps
between the data blocks (steps 906 and 907). Also at

10 this time, data stored in an area extending after the
area of the data block 843(C) is logically erased, and
the data-erased area is used as a non-use area 844.

Subsequently, the HEAD#1 is moved from the

physical track 800(#n) to the leading end of the

15 adjacent physical track 820(#n+l). In this state, the
data blocks 831(D), 832(E) and 833 (F) are sequentially
read by the HEAD#1 from the physical track 820 (#n+l),
then temporarily stored in the read buffer 23a and
transferred to the host system (step 904 and 905).

20 Then, the read data in the read buffer 23a is
sequentially written to the physical track 820 (#n+1)
(steps 906, 909 and 910). The write-starting position
on the physical track 820(#n+l) differs from that of
the leading physical track 800(#n) (step 906), and is

25 determined in light of time necessary to move the
HEAD#1 and the rotational speed of the disk 11 (step

909). Specifically, the write~starting position on



‘'on the physical track 820(#n+l) differs fromthat of the |eading physical
track 800(#n) (step 906), and is 25 determined in |ight of time necessary
to nove the HEAD#1 and the rotational speed of the disk 11 (step 909).
Specifically, the wite-starting position on 33 the physical track
820(#n+1) is set at a position, at which the HEAD#l can read the initial
data bl ock on the next physical track g%g(#p+l) imedi ately after the
HEAD#! is noved, after reading data relotated in 5 the physical track
800(#n), through a distance 850 to the next physical track 820(#n+l). To

set the wite- startln ositiqn t he case of FIG 8D, a nhon-use area
852 is securedPEWRDYS F?le 4%%§%QQﬁ9R&%t¥§ %ﬁ%ﬂqqrﬁgﬁﬂﬁﬁQ%QﬂvcﬁFthe

F{‘%ZLEZ‘!. W T awf‘”'%%rhacﬁlkﬁd i “cia%% e Fﬁéegﬁ?
5

buter 350 T8 RS PGS BT RS 10,

sequentially |ttH%@\D#eis @%@@C& t%@lfr@ Q%Z(c@ta 4:% y the

HEAD#1 to area contlnuous ext éndi'ng a non- use area of the

physi cak ”a%eS?)‘BB;%riﬂa)l t[rF teghoREad! EBdu AP Igl%ér{beea@gﬂit@”t of

the invention w | described with reference to FIGS. 10
is a block di agkameidt WHyAtdang ttﬂa%wmw @iHat)i on 1f bt GHERK AR

apparatus according to'the fourt

starting position, in the case of FIG. 8D, a non-use
area 852 is secured, which extends from the write-
starting position on the physical track 820 (#n+1) to a

10 position corresponding to a head movement time period
851. The write-starting position is set at the
trailing end of the non-use area 852. Accordingly,
the read data blocks in the read buffer 23a, i.e. the
data blocks 831(D), 832(E) and 833 (F), are

15 sequentially written, as data blocks 861 (D), B862(E)
and 863 (F), by the HEAD#1 to area continuously
extending after the non~use area 852 of the physical
track 820 (#n+1).
[Fourth Embodiment]

20 A fourth embodiment of the invention will be
described with reference to FIGS. 10 and 11. FIG. 10
is a block diagram illustrating the configuration of a
disk array apparatus according to the fourth
embodiment. The disk array apparatus shown in FIG. 10

25 is a disk storage system of an RAID (Redundant Array
of Inexpensive Disks) configuration, and comprises,

for example, two HDDs (Hard Disk Drives), 101 (#1) and

11. FIG 10



‘enbodi nent. The di sk array apparatus shown in FIG 10 25 is a disk storage
system of an RAID (Redundant Array of |nexpensive Disks) configuration,
and conprises, for exanple, two HDDs (Hard Di sk Drives), 101(#1) and - 34
102(#2), and a disk array controller (RAID controller) 103 for controlling
the HDDs 101 and 102. The controller 103 includes a buffer (buffer nenory)
104. The buffer 104 is used to tenquar'gy store data 5 transferred from
the host systemand to be witten to th% HDD 101 or 102, and data read
fromthe HDD 101 or 102 and to be transferred to the host system The

controller 103 j.s aracterized.in a control functi or _execyfing

def at i a2 B P L EAR IR § ffard ent fabted)
r:p;gggg?ignl f..a orr;s onq!n %gést anéFEEr ? to Qe fl omchart of
FI G 11Ejl a d%socari 5 SPWiA9 lblgj%l %%ﬁsa e r%’b‘ireﬂ@ati on process

ex t t i 0 i

ctroam  SupposE At Te AL B Siier UEE RORREPLCAES o0 A

system a comynd Jgr e eath AN £, 50 QAN {Sha )1y el Saddgre, the

controll er 103 determ nes er or not stTeam requested by the

command sf rom the, Nost SY$tEBE AU S 20 f AR @dc S8 51 eped o | f the

requested AV stream contains fragmented ‘data, the controller 103 executes
a step A3. At tie P08 o NV LONUAD| d£LFa 105 d SEHEH, thé B DA (1 is 1

or 2) which stores the requested stream a read command to read the stream
therefromin 102 and to be transferred to the host system. The
controller 103 is characterized in a control function
for executing defragmentation on a fragmented AV track
10 in parallel with the reproduction of a corresponding
AV stream.

Referring to the flowchart of FIG. 11, a
description will be given of a defragmentation process
executed in the disk array apparatus of FIG. 10 when

15 reproducing an AV stream. Suppose that the controller
103 has received, from the host system, a command to
read an AV stream (step Al). At this time, the
controller 103 determines whether or not the AV stream
requested by the command from the host system contains

20 fragmented data (step A2). If the requested AV stream
contains fragmented data, the controller 103 executes
a step A3. At the step A3, the controller 103 issues,
to an HDD#i (i is 1 or 2) which stores the requested
stream, a read command to read the stream therefrom in

25 units of predetermined data lengths. At the same
time, the controller 103 issues, to another HDD#j (3

is 1 or 2; § # 1), a write command to write the data



25 units of predeterm ned data |lengths. At the sanme tine, the controller
103 issues, to another HDD#j (j is l or 2; j #1i1), a wite command to
wite the data 35 - read fromthe HDD# to the HDD# . In response to the
read conmand fromthe controller 103, the HDD#i reads the designated data
and transfers it to the controller 103 (step A4). The 5 data transferred to
the controller 103 is tenporarily stored in the buffer 104 and then
transferred to the host system and the ] (step A5). The data
transferred to the HDD#j, i.e. the data read fromthe HDD#i, is witten to

a contiguous area in the HDD#| jn 10 response to the wite comand. The
control ler 10¥eaCefdam thie ﬂMhtﬁ%@%tHQ% step A3 et seq. until the
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t he standard ng%&%ﬂﬁ%éﬂgygé ﬁ?(%ﬁén %ﬁ)trg%f tﬁg§%$3g%pent

high-speed_def%agnen on can g executed’ aut omat nd ﬂgﬁ?ably in
Phe buf fer 108 asdraraiad 1h (he RO S0y e heiiadident. 1
the AV streamgefuestiod dhe the fsto MleRcant Alds Ao fdaomnypd data,
only the reading 25 of data fromthe HDD#I 1s repeated until al
host system and the HDD#j (step A5). The data
transferred to the HDD#j, i.e. the data read from the
HDD#i, is written to a contiguous area in the HDD#j in
10 response to the write command. The controller 103
repeats the operations at the step A3 et seq. until
the transfer of all data blocks (AV stream) designated
by the host system is finished (step A6). After that,
the controller 103 logically erases the requested AV
15 stream (AV track) in the HDD#i (step A7).
As described above, in the disk array apparatus
(disk storage system), which employs the standard
HDD#1 and HDD#2, according to the fourth embodiment,
high-speed defragmentation can be executed
20 automatically and reliably in parallel with the
reproduction of sequential data, by effectively using
the buffer 104 incorporated in the controller 103. 1In
the embodiment, if the AV stream requested by the host
system contains no fragmented data, only the reading
25 of data from the HDD#i is repeated until all

designated data (AV stream) has been transferred

(steps AB and A9).



‘desi gnated data (AV stream has been transferred (steps A8 and A9). - 36
Addi ti onal advantages and nodifications will readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not
limted to the specific details and representative enbodi nents 5 shown and
descri bed herein. Accordingly, various nodifications nmay be made w t hout
departing fromthe spirit or scope of t§§ general inventive concept as
defined by the appended clains and their~2quival ents. 37 - WHAT | S CLAI MED
IS: 1. A disk storage systemfor witing data to a disk nmedium and readi ng

data fromthe disk i conprising: 5 fra ntation detern ning nmeans
for de:egniﬂing: \é%ggéigﬂﬁﬁ %g&é%#ﬁé%ﬁrﬁﬁéréggkll %?b?%@ewk§§t%n?has

r equest e e _di_sk .St orage stemto r.e por - se nce at a,
whgt her the té%ﬁglr(l M f-csc_g]d:uzcﬁocetg’odsaet fklﬁg§$%hetﬁi%§§51 gq]_g”%lf"tﬁoaﬁfty of
dat a bl ocks O%ﬁh?ﬁﬁg‘& ISk i’??‘i'éﬁ”bxaé%dd%? gﬁspaé‘%chs fiﬁsgtriﬁ’éu ng. _re%ﬂ]cgong of

data fromthe um and wri ting o t he
control ling nmgaRs UG éﬁqr it .
t enpor al | y- sequenc %&atla r ee}gaq’fqgm t efe%%r%esrkegr#elcf{&u% 0 %lr%%nn 5 guous area
on the gi sk MAA ard) A IRl Mdfb e RGN, Ndsfogontrol of
readi ng the tenporally-sequenced data fromthe dis

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.



‘medi um and transferring the read tenporally-sequenced data to the host
system if the fragnentation 20 determ ni ng neans determ nes that the
tenporal | y- sequenced data is fragnmented. 2. The di sk storage system
according to claiml1l, wherein the controlling neans executes the second
control after securing, as the contiguous area, a 25 contiguous enpty area
| arge enough to store the tenporally-segyenced data requested by the host
system 38 3. The disk storage systemaccording to claiml1l, wherein the
control ling nmeans executes, as the second control, control of sequentially

witing those of the fragnentedygetardl ecksuterpgng the tenporally 5
sequenced data, which do not include a |leading data block, to area

continuously extending hrams& btairkiged syeR@noffoan wafieanghiqah Ster @s the
| eadi ng data bl ock, no gaps being defined between the witten fragnented

data bl ocks. d0s#. m3beudi akdskeragagsyatamracmnotdengit® fkdibm}, further
conprising a buffer nenory which tenporarily stores data read fromthe

di sk nmedi um aodmphéséng:the controlling nmeans executes, as the first
control, ~control of tenporarily storing the tenporally 15 sequenced data
read fromthe di sk fedomenéadionr deskeminigg meanise floastesesindminighe
tenporal |l y- sequenced data tenporarily stored in the buffer nenory, the
control | i ng nedhenexebastngyshemt neisgcohgd disk storage system has

requested the disk storage system to read temporally-

sequenced data, whether the temporally-sequenced data

is fragmented into a plurality of data blocks on the
10 disk medium; and

means for controlling reading of data from the
disk medium and writing of data to the disk medium,
the controlling means executing second control of
writing the temporally-sequenced data read from the

15 disk medium to a contiguous area on the disk medium,
in parallel with the execution of first control of
reading the temporally-sequenced data from the disk
medium and transferring the read temporally-sequenced
data to the host system, if the fragmentation

20 determining means determines that the temporally-
sequenced data is fragmented.

2. The disk storage system according to claim 1,
wherein the controlling means executes the second
control after securing, as the contiguous area, a

25 contiguous empty area large enough to store the
temporally-sequenced data requested by the host

system.



‘control, control of witing the tenporally-sequenced 20 data, tenporarily
stored in the buffer nenory, to the contiguous area on the disk nedium 5.
The di sk storage systemaccording to claiml1, further conprising: a first
head at | east used to read data fromthe 25 disk medium and a second head
at least used to wite data to the disk nedium and operabl e i ndependently
of the first 39 - head, and wherein the ggntrolling neans executes, as the
first control, control of causing the first head to read the

tenporal | y-sequenced data fromthe disk 5 nmedium and transferring the read

tenporal | y-sequenceq, daha a@skhgteeagesx§g%gh bReoSARhEOkL BY AARAAS
executing, as the second control, confrol of causing the second head to

wite the te”p@hélféYnsﬁﬁéleB§ﬁﬁlroﬂ§§.ﬁg meadsf eqartibes(i sk @RI yarbyqat he
first head, to 10 the contiguous area on the disk nedium 6. The disk

storage systenrantpolj ngohdrelabm bequénttibel ycomptiagnghespt yfacha

determ ning neans for determ ning whether the di sk nmedi um contains a

conti guous enpfyagmeantédrdetenblgbhksofetrmirgt hhelbempopaiially- sequenced
data requested by the host system and wherein the controlling nmeans
executesSthe segoadcedndabh, ushhghtde ponht igobudeeaplygading dstahe
contiguous area, if the fragnmentation determ ning neans determnes that the
t enpor al | y- seqokpekd Hatargs continuously extending from a trailing

end of an area which stores the leading data block, no
gaps being defined between the written fragmented data
blocks.

10 4. The disk storage system according to claim 1,
further comprising a buffer memory which temporarily
stores data read from the disk medium, and wherein the
controlling means executes, as the first control,
control of temporarily storing the temporally-

15 sequenced data read from the disk medium and
transferring, to the host system, the temporally-
sequenced data temporarily stored in the buffer
memory, the controlling means executing, as the second
control, control of writing the temporally-sequenced

20 data, temporarily stored in the buffer memory, to the
contiguous area on the disk medium.

5. The disk storage system according to claim 1,
further comprising:
a first head at least used to read data from the

25 disk medium; and

a second head at least used to write data to the

disk medium and operable independently of the first



‘20 fragnented, and if the enpty-area determ ning nmeans determ nes that the
di sk nmedi um contains a contiguous enpty area |arge enough to store the
tenporal | y- sequenced data requested by the host system 7. The disk
storage systemaccording to claim5b, 25 further conprising

inter-bl ock-area determ ning neans for determ ning whether a portion
between the data blocks form ng the tenperall y-sequenced data stores - 40
ot her data, and wherein the controlling neans executes, as the second
control, control of causing the second head to sequentially wite those of
a plurality ofefgagmented data bl ocks formng the 5 tenporally-sequenced
data, which do not include a |eading data block, to area continuously

extending froma tgpakl kRErend eheaboatedlMhghmebasesxkBatekeadisng data
bl ock, with no gaps between the witten fragnented data bl ocks, if the

fragmentati on dRedeti es58i BbREroBANSofletBIMbAEsatiBahgt BRet EMPOEahb¥d
sequenced data is fragnented, and if the inter-block- area determ ning
means determ nes tdatl shpoteémporabeywsegueheedatiathl oeksn thendngkt he
tenporal | y- sequenced data stores no other data. 15 8. The di sk storage
system azcor dimgdiang| andh Branéfiethéngcohpr readgtempprylayeaedetrcaini ng
nmeans for determ ning whether the disk nmediumcontains a contiguous enpty
area | arge enodghatbostbeeheobe sgapemnal thesequencéding waansrequested by

t he host system and
executing, as the second control, control of causing

the second head to write the temporally-sequenced
data, read from the disk medium by the first head, to
10 the contiguous area on the disk medium.

6. The disk storage system according to claim 5,
further comprising empty-area determining means for
determining whether the disk medium contains a
contiguous empty area large enough to store the

15 temporally-sequenced data requested by the host
system, and wherein the controlling means executes the
second control using the contiguous empty area as the
contiguous area, if the fragmentation determining
means determines that the temporally-sequenced data is

20 fragmented, and if the empty-area determining means
determines that the disk medium contains a contiguous
empty area large enough to store the temporally-
sequenced data requested by the host system.

7. The disk storage system according to claim 5,

25 further comprising inter-block-area determining means
for determining whether a portion between the data

blocks forming the temporally-sequenced data stores



‘inter-bl ock-area determ ning nmeans for determ ning whether a portion

bet ween the data blocks formng the tenporally-sequenced data stores other
data, 25 and wherein the controlling nmeans executes the second control
usi ng the contiguous enpty area as the contiguous area, if the
fragmentation determning 41 neans determ nes that the
tenporal | y-sequenced data is fragnmenteddoand if the enpty-area determ ning
nmeans determ nes that the disk mediumcontains a contiguous enpty area

| arge enough to store the tenporally 5 sequenced data requested by the host

system the cofépldang, NBadswiexesihi e asnthelseagndegnntrol, control
of causing the second head to sequentially wite those of a plurality of
fragment ed datexdtwcks, dorthagsédend ecpotadl y-senueotedf dakasimli ch do not
10 include a | eading data block, to area continuously extending froma
trailing end ofhansecaad itz st oseguenheal bpdivngteatbobéock, awith no gaps
between the witten fragnented data bl ocks, if the fragnmentation

det er m ni ng nmezhsrajkity ndhebragmenteed debpophdtys18osmingnted data is
fragmented, if the enpty-area determ ning neans determnes that the disk
medi um <Tont ai FRMRE Yoeeascrapd ydakaa Vaige épongh ibcsudeea the
tenporal | y-sequenced data requested by the host system and if the

i nt er - bl ock- ar 22 ¢ERSr #BE NPl deanst 202 Bed cF AR REBUPHALY ae3BRRABAI bet ween t he

data bl ocks form ng the orall y-sequenced data stores no ot her
f&om g trai fh end gf ag area wh?ch stores the

leading data block, with no gaps between the written
fragmented data blocks, if the fragmentation
10 determining means determines that the temporally-
sequenced data is fragmented, and if the inter-block-
area determining means determines that a portion
between the data blocks forming the temporally-
sequenced data stores no other data.
15 8. The disk storage system according to claim 5,
further comprising:
empty-area determining means for determining
whether the disk medium contains a contiguous empty
area large enough to store the temporally-sequenced
20 data requested by the host system; and
inter-block-area determining means for
determining whether a portion between the data blocks
forming the temporally-sequenced data stores other
data,
25 and wherein the controlling means executes the
second control using the contiguous empty area as the

contiguous area, if the fragmentation determining



‘data.’ 9. The di sk storage systemaccording to claim1, further conprising:
25 a first head at |east used to read data fromthe disk nedium a second
head at | east used to wite data to the 42 disk nmedi um and operabl e

i ndependently of the first head; and a buffer nenory which tenporarily
stores data read fromthe disk nedium 5 and wherein the controlling nmeans
executes, as the first control, control gof causing the first head to read
the tenporally-sequenced data fromthe disk nedium then tenporarily
storing the read data in the buffer nmenory, and transferring, to the host

system 10 thenégAposattymssayeprsd gatactrpBobanil¥%eghaneddi Rathhesbuf fer
menory, the controlling neans executing, as the Second control, control of

causi ng the secpagmbeedd, t anar i techbeehpiposabhydsequpnaedqgdakans
tenporarily stored in the buffer menory, to the contiguous area on 15 the

di sk medi um l1detdrdisksstbaagehsydi ek nedphuinstogtaandi akcordigabusc! udi ng
a plurality of concentric physical tracks on which data is recorded; a
head used to wenpeydateaat bargehenbughetphysocal th2Otempokslapd to read data
fromeach of the physical tracks; a buffer nmenory which tenporarily stores
dat a 5 sequenced data requested by the host system, the
controlling means executing, as the second control,
control of causing the second head to sequentially
write those of a plurality of fragmented data blocks
forming the temporally-sequenced data, which do not
10 include a leading data block, to area continuously
extending from a trailing end of an area which stores
the leading data block, with no gaps between the
written fragmented data blocks, if the fragmentation
determining means determines that the temporally-
15 sequenced data is fragmented, if the empty-area
determining means determines that the disk medium
contains a contiguous empty area large enough to store
the temporally-sequenced data requested by the host
system, and if the inter-block-area determining means
20 determines that a portion between the data blocks
forming the temporally-sequenced data stores no other
data.
9. The disk storage system according to claim 1,
further comprising:
25 a first head at least used to read data from the

disk medium;

a second head at least used to write data to the



‘read 'fromthe disk nmedium fragnentation determ ning nmeans for determ ning,
25 when a host systemusing the disk storage system has requested the disk
storage systemto read tenporally- sequenced data and if the
tenporarily-sequenced data 43 is recorded on at | east one of the physical
tracks, whether the tenporally-sequenced data recorded on the at |east
one of the physical tracks is fragnentedgbnta a plurality of data bl ocks;
5 inter-bl ock-area determ ning nmeans for determ ning whether a portion

bet ween the data bl ocks stores other data, if the fragnentation

deternining reeos Aeyenfi 983 épéqsai)b@ iﬁ@ﬁéﬁ&é%ti?%f”‘éﬁg gatar recorded
on the at | east one physical track 10 fragnented’into the data bl ocks;

and neans for k@adf chhdng readi ng of data fromthe disk nediumand witing
of data to the disk nedium the controlling nmeans executing first control

of causing the head baffeadméhergdainibhockmpbramithesabrdd hgast one
physi cal track, and transferring the read data blocks to the host system

in parallel wtdadsEcondticondiok médtawsi ng the head to sequentially wite
the data bl ocks, read fromthe at | east one physical track, to a
contigudus area on &hd wheleasttRé ooertphby$ingl meraskexenubkhsghathe data

bl ocks were originally recorded, no gaps being defined between the

witten data btheekSirdld. camerdl skcenbragyecfysaesingcbhdi Agrsb head

to read the temporally-sequenced data from the disk
medium, then temporarily storing the read data in the
buffer memory, and transferring, to the host system,
10 the temporally-sequenced data temporarily stored in
the buffer memory, the controlling means executing, as
the second control, control of causing the second head
to write the temporally-sequenced data, temporarily
stored in the buffer memory, to the contiguous area on
15 the disk medium.
10. A disk storage system comprising:
a disk medium including a plurality of concentric
physical tracks on which data is recorded;
a head used to write data to each of the physical
20 tracks and to read data from each of the physical
tracks;
a buffer memory which temporarily stores data
read from the disk medium;
fragmentation determining means for determining,
25 when a host system using the disk storage system has
requested the disk storage system to read temporally-

sequenced data and if the temporarily-sequenced data



‘claim 10, further conprising a buffer nmenory which 25 tenporarily stores
data read fromthe disk nedium and wherein: the controlling neans
executes, as the first 44 control, control of causing the head to read,
fromthe at |east one physical track, the data bl ocks as targets of
determ nation by the inter-bl ock-area determ ning neans, tenporarily
storing the data blocks 5 in the buffer mgnory, and transferring the data
bl ocks, tenporarily stored in the buffer nmenory, to the host system the
controlling neans executing, as the second control, control of causing the

head to write;thegedgtach! 8akac tegBerahi! foEﬁeeghiE,@ihaq 1@abykf er menory,
to a contiguous area on the at | east one physica rack, wth no gaps

between the wyhéeRerdaha bbApksally-sEhedicel Shehage coyakamMoaceakdi Nng to
claim 10, wherein: 15 the fragnentation determ ning neans determ nes, if

the tenporaril ytsequescefledafaths phoeidad @raadks lieaFtragwenekdt hetphysi cal
tracks, whether that part of the tenporally-sequenced data, which is
recorded on eacplotalheyabfl dast biwcgbysical tracks, is 20 fragnented
into a plurality of data bl ocks; the inter-block-area determ ning means
det erm nes whet her iatporbilonkbetreeedetkendatiaghhrecks stoar es ot her dat a,
each tinme the fragnentation determ ning neans determnes that the part of
t he tenpora||ydg§qg@ﬁné§g whether a portion between the data blocks
stores other data, if the fragmentation determining
means determines that the temporally-sequenced data
recorded on the at least one physical track is
10 fragmented into the data blocks; and
means for controlling reading of data from the
disk medium and writing of data to the disk medium,
the controlling means executing first control of
causing the head to read the data blocks from the at
15 least one physical track, and transferring the read
data blocks to the host system, in parallel with
second control of causing the head to sequentially
write the data blocks, read from the at least one
physical track, to a contiguous area on the at least
20 one physical track, in which the data blocks were
originally recorded, no gaps being defined between the
written data blocks.
11. The disk storage system according to
claim 10, further comprising a buffer memory which
25 temporarily stores data read from the disk medium, and

wherein:

the controlling means executes, as the first



'25 data, which is recorded on each of the at |east two physical tracks, is
fragnmented into the data bl ocks; and 45 the controlling neans executes
the second <control, in which the controlling neans sequentially |ocates,
if the inter-block-area determining neans determnes that a portion

bet ween data bl ocks on a 5 | eading one of the at |east two physical tracks
stores no data, the data bl ocks on a_conli guous area of the |eading

physi cal track, extending froma portion of the |eading physical track, at
whi ch a | eading data block on the |eading physical track was |ocated, and

10 the CO”trO'&bﬂngEa”éoﬁgEHieéfacQQQ1H§etﬁéeﬁebE EBerehate%rBhOEhearea
determ ni ng neans determ nes that a porftion between data bl ocks on a

remaini ng one gf 1@§stasnéeg§931&@1ph¥abﬁalthéaagﬁaqueéﬁsnasdata and
sequentially locates the data blocks to a contiguous 15 area of the

remai ni ng phystgagetsask, dubeehigxteslsbyf tRE theeropidsR-akrea, the non-use
area being an area extending froma |eading end of the renai ning physi cal

track to a posiétenmeningspeadsngténparheallyneyvementy thendapar bodckkapsi ng
froma time when the head has 20 read | ast data bl ock on the | eading
physi cal5trackin iBe Bufifek métmoage spdt emensefiprringgtha pgearal ity of di sk
drives which record and reproduce data; and a disk array controller which
control s the dptkckgp Hempesarihg sbvaredl| Larthacbudifry femgmynt &bi on

the host system, the controlling means executing, as
the second control, control of causing the head to
write the data blocks, temporarily stored in the

10 buffer memory, to a contiguous area on the at least
one physical track, with no gaps between the written
data blocks.

12. The disk storage system according to
claim 10, wherein:

15 the fragmentation determining means determines,
if the temporarily-sequenced data is recorded on at
least two of the physical tracks, whether that part of
the temporally-sequenced data, which is recorded on
each of the at least two physical tracks, is

20 fragmented into a plurality of data blocks:;

the inter-block-area determining means determines
whether a portion between the data blocks stores other
data, each time the fragmentation determining means
determines that the part of the temporally-sequenced

25 data, which is recorded on each of the at least two
physical tracks, is fragmented into the data blocks;

and



‘det erm ni ng neans for determ ning, upon receiving a comuand to read
tenporal | y-sequenced data, issued from46 a host system using the disk
storage system whether the tenporally-sequenced data is fragnented into a
plurality of data blocks in a corresponding one of the disk drives, the
controller also including controlling 5 nmeans for controlling data transfer
between the disk drives and the host _syggem- the controlling nmeans
executing, in a parallel manner, first control of reading the
tenporal | y-sequenced data fromthe corresponding disk drive and

transferring the regfe10,dak8119nGhRelASt e3¥eLeRs 2Rd SeeoRE control of
witing the tenporally-sequenced data, read fromthe correspondi ng disk

drive, to a copbh€HeUs 2herhoBh BRetBentdbskifdgi Meadsf EepaBhtiroM,t he
corresponding disk drive, if the fragnmentation determ ning nmeans™ 15

determ nes thalotheesgnporahéyineqgueptedkdataai detbrRgnenefleahd. The di sk
storage system according to claim 13, wherein: the disk array controller

i ncl udes a bufdete2inesotyathachotehporbetvyest daes Havaksranshkerred from
t he host systemand to be witten to one of the disk drives, and data read
from ones of thkeddskgdongesfabde &b beastahsbephgditalt heabhikst sspstem and
the controlling nmeans executes, as the first 25 control, control of
tenporarily stoeidgtai nth@éedadtafetockenonya chetigupusabkkgasefiueheed data
read fromthe
leading physical track, extending from a portion of
the leading physical track, at which a leading data
block on the leading physical track was located, and
10 the controlling means secures a non-use area if the
inter-block~area determining means determines that a
portion between data blocks on a remaining one of the
at least two physical tracks stores no data, and
sequentially locates the data blocks to a contiguous
15 area of the remaining physical track, which extends
from the non-use area, the non-use area being an area
extending from a leading end of the remaining physical
track to a position corresponding to a head movement
time period elapsing from a time when the head has
20 read last data block on the leading physical track.
13. A disk storage system comprising:
a plurality of disk drives which record and
reproduce data; and
a disk array controller which controls the disk
25 drives, the controller including fragmentation

determining means for determining, upon receiving a

command to read temporally-sequenced data, issued from



‘correspondi ng disk drive, and transferring, to the 47 host system the
tenporal | y-sequenced data tenporarily stored in the buffer nenory, the
controlling neans executing, as the second control, control of witing

the tenporally-sequenced data, tenporarily stored in 5 the buffer nenory,

to a contiguous area of said another disk drive. 15. A disk storage system
for witing data to a disk nediumand rggding data fromthe di sk nmedi um
conprising: 10 a buffer nmenory which tenporarily stores data read fromthe
di sk medium and data to be witten to the disk nmedium a disk controller

whi ch receives, %&Wgteﬁlr@&?ﬁ@rfﬁg 191 3tHPsLeSY§ELAN! NRhetRES the disk
15 storage system and controls data transfer befween the disk nedi um and

the buffer nengphe eafbdeieerséhechosd dsyst €81 andghbetbyf igtongNOry; a
nonvol atil e nmenory which stores a control program and 20 a CPU which

executes the cehit®lipyogf attats hel&Pkk €Ausi 8ert8epehdkngosheobEethko
execute, in a parallel manner, first control of reading
t enpor al | y- seqiievkedirivas o thencoherdl S&rnedsoninteogbngr coytsboiing t he
read data in the buffer nmenory, and transferring the 25 data, tenporarily
stored in the medierfoenceytroblihg dabsttsyssbay hatwsenonbecdnskol of
transferring the data, tenporarily stored in the buffer nenory, to the
drives and the host system, the controlling means
executing, in a parallel manner, first control of
reading the temporally-sequenced data from the
corresponding disk drive and transferring the read
10 data to the host system, and second control of writing
the temporally-sequenced data, read from the
corresponding disk drive, to a contiguous area on
another disk drive different from the corresponding
disk drive, if the fragmentation determining means
15 determines that the temporally-sequenced data is
fragmented.
14. The disk storage system according to
claim 13, wherein:
the disk array controller includes a buffer
20 memory which temporarily stores data transferred from
the host system and to be written to one of the disk
drives, and data read from one of the disk drives and
to be transferred to the host system; and
the controlling means executes, as the first
25 control, control of temporarily storing, in the buffer

memory, the temporally-sequenced data read from the

corresponding disk drive, and transferring, to the



‘48 disk nedium and witing it to a contiguous area on the disk nmedium
when the reading of the tenporally- sequenced data has been requested by
the command, if the tenporally-sequenced data is fragnented into a 5
plurality of data bl ocks on the disk nedium 16. A nethod for
defragnmentation for use in a disk storage systemfor witing data to a
di sk nmedium and reading data fromthe diggk oedi um conpri sing:
determ ni ng, when a host systemthat uses the 10 disk storage system has
requested reading of tenporally-sequenced data, whether the tenporally-

sequenced dat anb st f 5agPEAL egnkNEE Li t I ; di sk
medi um readi ng t%e ?enporalIy-seﬁggg%gg9dg%§u§§8§?tﬁgt?593#§ﬁ9553?8n1and

transferring t@@of@ddiﬂatﬁetBufb@rhﬁéﬁor§YSES€1c@ﬁ@r@ﬂh&h?gmbaﬁsread data
to a contiguous area on the disk nedium if the tenporal ['y-sequenced data

is determ nedekecheifigpgaentrd, seBopar abhekoly t Bosdicd1268£r adtnggt he
tenporal | y-sequenced data and transferring the read data to the host
system 17. Theheetéodoastdydsaquencetadati§, tehpoeanilysatdredadinng t he
tenmporal | y-sequenced data and transferring the read data includes
tenporardly 25tke¢opihfiet hmemeay, dabaai noathghbes aesarypfandidtransferring
the data, tenporarily stored in the buffer nenory, to the host system and
49 another disk drive.
15. A disk storage system for writing data to a
disk medium and reading data from the disk medium,
comprising:
10 a buffer memory which temporarily stores data
read from the disk medium, and data to be written to
the disk medium;
a disk controller which receives a command
transferred from a host system that uses the disk
15 storage system, and controls data transfer between the
disk medium and the buffer memory and between the host
system and the buffer memory;
a nonvolatile memory which stores a control
program; and
20 a CPU which executes the control program, the CPU
causing the disk controller to execute, in a parallel
manner, first control of reading temporally-sequenced
data from the disk medium, temporarily storing the
read data in the buffer memory, and transferring the
25 data, temporarily stored in the buffer memory, to the

host system, and second control of transferring the

data, temporarily stored in the buffer memory, to the



'said'witing includes witing the data, tenporarily stored in the buffer
menory, to the contiguous area on the disk nmedium 18. A nethod for
defragnmentation for use in a 5 disk storage systemin which a first head
at least reads data froma disk nmedium and a second head, operable

i ndependently of the first head, at least wites data to the disk nedium
conprising: determning, when the disk s@rage system has 10 been requested
to read tenporally-sequenced data by a host system which uses the disk
storage system whether the tenporally-sequenced data is fragnented into

aplural ity ofq9ganbhoaks aflale:diak fediym. easlipdoblealibbsbahead to

read the tenporally- 15 sequence m Irum and

transferring the ead dabauho Lhenhest s¥abiely bf sakdtdrbsiaAL A0
determ nes that the tenporally-sequenced data is fragnmented into"the data

bl ocks; and cagsgiigntbe aecanHabeBdehorvfibetthepyedte &Bmmand, if
tenporal | y-sequenced data to a contiguous area on the disk nedium in

paral l el with shedterpdraglyheeqtienpedabbyaseguénagnietdata andot ransferring
the read data. 19. The nethod according to claim 18, wherein: 25 said
readi ng $he t epporaliyysefjudatedbilat&sand theadsEkr medduihe read data
i ncludes tenporarily storing the read data in a buffer nenory and 50
transferring the dafa, Rempbhadi Fprstefedgmanthtion for use in a
disk storage system for writing data to a disk medium
and reading data from the disk medium, comprising:
determining, when a host system that uses the
10 disk storage system has requested reading of
temporally-sequenced data, whether the temporally-
sequenced data is fragmented into a plurality of data
blocks on the disk medium;
reading the temporally-sequenced data from the
15 disk medium and transferring the read data to the host
system; and
writing the read data to a contiguous area on the
disk medium, if the temporally-sequenced data is
determined to be fragmented, in parallel with said
20 reading the temporally-sequenced data and transferring
the read data to the host system.
17. The method according to claim 16, wherein:
said reading the temporally-sequenced data and
transferring the read data includes temporarily
25 storing the read data in a buffer memory and

transferring the data, temporarily stored in the

buffer memory, to the host system; and



‘buf fer nenory, to the host system and said witing includes witing the
data, tenporarily stored in the buffer nmenory, to the 5 contiguous area
on the disk nedium 20. A nethod for defragnentation for use in a disk
storage systemin which a head wites and reads data to and from a di sk
medi umincluding a plurality of concentric physical tracks on which data
is 10 recorded, conprising: determning, gq4hen a host systemthat uses the
di sk storage system has requested reading of tenporally-sequenced data and
if the tenporarily- sequenced data is recorded on at | east one of the 15

physi cal tracks, whghharythe;hgmpacalkssgayenngdcdat aatkecorded on the at
| east one of the physical tracks is fragnented’into a plurality of data

bl ocks; deterniahpgrabel pestarear Lthoohbebueesrt fiemokyageBntad data bl ocks
stores other data, if it is 20 determ ned that the tenporally-sequenced

data recorded contifeoas heastonnehphdsskahetiiagk is fragmented into the
data bl ocks; causing the head to read the data bl ocks fromthe at | east
one physical trackland Armeshedr fog tlbéragmdntabidat okl asksihoat he host
system if it is determned that the portion between the fragnented data
bl ocks 5toresdhskdataragads$itemaisi wgitheahfadstohseduentilabky wite the
read data blocks to a contiguous area on the at |east one
reads data from a disk medium, and a second head,
operable independently of the first head, at least
writes data to the disk medium, comprising:
determining, when the disk storage system has
10 been requested to read temporally-sequenced data by a
host system which uses the disk storage system,
whether the temporally-sequenced data is fragmented
into a plurality of data blocks on the disk medium;
causing the first head to read the temporally-
15 sequenced data from the disk medium and transferring
the read data to the host system, if said determining
determines that the temporally-sequenced data is
fragmented into the data blocks; and
causing the second head to write the read,
20 temporally-sequenced data to a contiguous area on the
disk medium, in parallel with said reading the
temporally-sequenced data and transferring the read
data.
19. The method according to claim 18, wherein:
25 said reading the temporally-sequenced data and

transferring the read data includes temporarily

storing the read data in a buffer memory and
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tracks, is

disk storage system in which a head writes and reads

data to and from a disk medium including a plurality

of concentric physical tracks on which data is
recorded, comprising:

determining, when a host system that uses the
disk storage system has requested reading of
temporally-sequenced data and if the temporarily-

sequenced data is recorded on at least one of the

physical tracks, whether the temporally-sequenced data

recorded on the at least one of the physical tracks is

fragmented into a plurality of data blocks;
determining whether a portion between the

fragmented data blocks stores other data, if it is

determined that the temporally-sequenced data recorded

on the at least one physical track is fragmented into

the data blocks;

causing the head to read the data blocks from the

at least one physical track and transferring the read

data blocks to the host system, if it is determined

that the portion between the fragmented data blocks

stores no data; and



fragnmented into the data blocks; 5 said witing includes locating, if a
portion between data blocks on a | eading one of the at |east two physical
tracks stores no data, the data blocks on a contiguous area of the |eading
physi cal track, extending froma portion of the |eading physical 10 track,
at which a |l eading data block on the | eading physical track was | ocated,
and securing a non-use area if a porti ogmibetween data bl ocks on a

remai ning one of the at |east two physical tracks stores no data, and
sequentially witing the data blocks to a 15 contiguous area of the

remai ni ng physical thagskngWehehhegyt Q6d§ehh@H‘tHBQl?0%rli%% ahearchle non-use
area being an area extenglng froma |l eading end of the remaining physical

track to a posidat@nbtecksespoendi Bent@gaolieadreHD¥ANEAE hikMBeRBEi Beeel apsi ng
froma tinme when | ast 20 data bl ock on the | eadi ng physical track has been

read. 23. A nephpsital debchgnebtht honghpe bsewesnathdi gkigstenagataystem
including a plurality of disk drives for recording/reproducing,
conprising: 25ideparalhehgyvibhesaadhostisspgt ehet habdusesrehd tHesk storage
system has requested reading of tenporally-sequenced data fromone of the
di sk drives, 53atahkeipekst isomenberat| yesequeneenhptaigailstirraggmentded into
a plurality of data blocks in the one of the disk drives; reading the

t enpor al | y- seqtieaeefenningdf Ebm rRad data.

21. The method according to claim 20, wherein:
said reading the data blocks from the at least
one physical block and transferring the read data
10 includes temporarily storing the read data in a buffer
memory and transferring the data, temporarily stored
in the buffer memory, to the host system; and
said writing includes writing the data,
temporarily stored in the buffer memory, to a
15 contiguous area on the at least one physical track.
22. The method according to claim 20, wherein:
said determining whether the temporally-sequenced
data is fragmented into a plurality of data blocks
includes determining, if the temporarily-sequenced
20 data is recorded on at least two of the physical
tracks, whether that part of the temporally-sequenced
data, which is recorded on each of the at least two
physical tracks, is fragmented into a plurality of
data blocks;
25 said determining whether the portion between the
data blocks stores other data includes determining

whether the portion between the data blocks stores



‘5 one of the disk drives and transferring the read data

to the host

system and witing the read data to a contiguous area in the other of the
disk drives, if the tenporally-sequenced data is determ ned to be
fragnented, in parallel with 10 said reading the tenporally-sequenced data
fromthe one of the disk drives and transferring the read data. 24. The

met hod according to claim 23, wherein- sagipd readi ng the

tenporal | y-sequenced data from

the one of the disk drives and transferring

the read 15 data includes tenporarily storing the read data in a buffer

menory and trapeh8iriRgat BecHat &met €EPQLaHELKrm3haRCENLR thHE
to the host system and said witing includes witing the d

Fg&&ebfﬁenvry,

tenporarily stenedcénpbbelbyfteguansenydata,t fBicROisoRkiguwaea anea in the
ot her of the disk drives.
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each of the at least two physical tracks, is
fragmented into the data blocks;

said writing includes locating, if a portion
between data blocks on a leading one of the at least
two physical tracks stores no data, the data blocks on
a contiguous area of the leading physical track,
extending from a portion of the leading physical
track, at which a leading data block on the leading
physical track was located, and securing a non-use
area if a portion between data blocks on a remaining
one of the at least two physical tracks stores no
data, and sequentially writing the data blocks to a
contiguous area of the remaining physical track, which
extends from the non-use area, the non-use area being
an area extending from a leading end of the remaining
physical track to a position corresponding to a head
movement time period elapsing from a time when last
data block on the leading physical track has been
read.

23. A method for defragmentation for use in a
disk storage system including a plurality of disk
drives for recording/reproducing, comprising:

determining, when a host system that uses the
disk storage system has requested reading of

temporally-sequenced data from one of the disk drives,
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whether the temporally-sequenced data is fragmented
into a plurality of data blocks in the one of the disk
drives;

reading the temporally-sequenced data from the
one of the disk drives and transferring the read data
to the host system; and

writing the read data to a contiguous area in the
other of the disk drives, if the temporally-sequenced
data is determined to be fragmented, in parallel with
said reading the temporally-sequenced data from the
one of the disk drives and transferring the read data.

24. The method according to claim 23, wherein:

said reading the temporally-sequenced data from
the one of the disk drives and transferring the read
data includes temporarily storing the read data in a
buffer memory and transferring the data, temporarily
stored in the buffer memory, to the host system; and

said writing includes writing the data,
temporarily stored in the buffer memory, to the

contiguous area in the other of the disk drives.



