1  TITLE OF THE | NVENTI ON METHOD AND APPARATUS FOR ACCESS CONTROL IN A
DI SK DRI VE BACKGROUND OF THE | NVENTI ON 5 The present invention generally

relates to the field of a disk drive such as a hard disk dri R €
particularly to the inprovenent of an access control nethod Mﬂm“mmmmm
conti nuou MWM ' data froma plurality of data tracks on @fisk
medium 1 mwmmmmmmﬁears, di sk drives such as hard disk drives have been
used as storagg.gevices for storing audio data and video data (generally
called AV data) 1n addition to conputer'dékaf'A host system such as a
personal conputer or a digital television set accesses 15 AV data stored in

a disk drive through an i nage recording ogeration or a sound recording
operation and then pernmts a pI&?E&@kO yg EanﬁgﬂTé%Nthrough a display or

Conti nuous. 20 praceed Ay ARERRATT) §6RRCEEE O AT tat o

has the foll ow ngygRar acteristics: First, in accessing AV data, higher
priority is given to mnmmintaining an arbitrary transfer rate in accordance

with the amobunt of data of, e.gACKECHROES ¢oF WBOUNGYERTTORAN | ncreasing the
accuracy of the data. In order to maintain the transfer rate, the host
system set S5 an ar bi t rTrey piriesentti dhvehtloncgeserd bl ¢ hee XHisds did e | N
field of a disk drive such as a hard disk drive, and
more particularly to the improveﬁent of an access
control method for continuously accessing data from a
plurality of data tracks on a disk medium.

10 - In recent years, disk drives such as hard disk
drives have been used as storage devices for storing
audio data and video data (generally called AV data)
in addition to computer data. A host system such as a
personal computer or a digital television set accesses

15 AV data stored in a disk drive through an image
recording operation or a sound recording operation and
then permits a playback system such as through a
display or a speaker to reproduce the data.

Unlike computer data, AV data requires continuous

20 processing. Accordingly, an access operation for AV
data has the following characteristics: First, in
accessing AV data, higher priority is given to
maintaining an arbitrary transfer rate in accordance
with the amount of data of, e.g., images or sounds

25 than increasing the accuracy of the data. 1In order to

maintain the transfer rate, the host system sets an

arbitrary time limit for access to the disk drive. 1In



- 2 the disk drive, an access process is conpleted within the tine limt,
"theteby maintaining the transfer rate. Upon accessing AV data, AV data is
successively recorded to sequential addresses on a disk recording 5 nedium
(hereinbelow, sinply referred to as a disk), or AV data is successively
reproduced fromthe disk. In this case, an access operation where
previously recorded AV data is reproduced froma data track while other AV
data is being recorded to another data tragk _10 designated on the disk is
often carried out. In the access operation, a particular access with
respect to recording or reproducing is not preferentially executed. Both
of the accesses for recording and _reproducing are alternately.. uted. 15
General |y, the dri% %Wclflég ut?®s atcﬁgsfsop’é%?ﬁﬁ l%c%%r%%f%peeé Sa(flf%ﬁ%l n
response to a reguesi (8 GIENG, JeRS aLerl bhomy Bt NOSI S aipe However,
when only the atcess operatidn is perfornmed in atcordance Wit t he
request from the hostysystemeddigPorf HatR)CAVOH2E H5t Sutddnsiwiy of from
the host systemis degraded. The Teason is as follows. Specifically, in
the disk drive, réberdssass piatien hadreesesdonga odisk eprarhdiingg
designated data to/fromthe disk requires processing tinme (nanely, the
time requi $ed fane@bumpr Bpereditribmioprocdpiligyeferredet®cak dphrst)i-o®Tof the

head, which is not concerned with data transfer. Ceneral djsk drives use a
met hod for conti®Vigigta is successively reproduced from the disk. 1In

this case, an access operation where previously
recorded AV data is reproduced from a data track while
other AV data is being recorded to another data track

10 designated on the disk is often carried out. 1In the
access operation, a particular access with respect to
recording or reproducing is not preferentially
executed. Both of the accesses for recording and
reproducing are alternately executed.

15 Generally, the disk drive executes the foregoing
access operation in response to a request (a command
generated) from the host system. However, when only
the access operation is performed in accordance with
the request from the host system, the performance of

20 data transfer to/from the host system is degraded.
The reason is as follows. Specifically, in the disk
drive, the access operation for recording or
reproducing designated data to/from the disk requires
processing time (namely, the time required for

25 preparation processing) for the seek operation of the
head, which is not concerned with data transfer.

General disk drives use a method for continuous



'3 access to sequential data between the accesses of data requested from
the’host system |In the access operation during reproduction, after
requested data on the disk is accessed, a | ook-ahead operation to 5
continuously access data from consecutive data sectors follow ng the
sector of the requested data is executed. On the other hand, in the access
operation during recording, a wite operation to continuously wite
requested data (wite data), which is 10 transferred fromthe host system
to a buffer menory in the drive, to coﬁseéutfve data sectors i s executed.
The above nethod is effectively used to increase the performnce of data
transfer (in sone cases cal l ed hast, transfer) tolfromthe hos% stem
ge wﬁi%

t
15 Fbweve{, in t RECEHDVES BTV THER Iq§£@h§ﬁéw§88eg oPEFETTOR,° 4 he
ti ti | t | dat 1 ks,
sequential access 0 ﬁég?%ggf%’ﬁ;‘%be 3l %%}s%e%.exﬁﬁu%ﬁg gg%égg data tracks

a situation wheF&% oper ati"on upon-feproduction is hardly

execut ed occurs. € JHl i 020 GeREENYRHSeSEE@SSatRIdIPd 1S
used, the perforﬁéﬁgéﬁ% h ?%e og%gﬁkansfér cannot almgyg be increased in

the alternate aggesS8ioReiat 4OFesid) £ ACk+eheaddA¥pdatdiohntd he genera

di sk drive, when the continuous access nethod is used and the | ook-ahead
operation s 25cexethtedsiy ddeess s dromattomsedutivg daps osretdxm, the
performance of the host transfer can be increased. However, as nentioned
above, in the acégggogpegath@nsector of the requested data is

executed. On the other hand, in the access operation
during recording, a write operation to continuously
write requested data (write data), which is

10 transferred from the host system to a buffer memory in
the drive, to consecutive data sectors is executed.

The above method is effectively used to increase
the performance of data transfer (in some cases,
called host transfer) to/from the host system.

15 However, in the above-mentioned alternate access
operation, when the sequential access operations are
alternately executed to the data tracks, a situation
where the look-ahead operation upon reproduction is
hardly executed occurs. Therefore, when the usual

20 continuous access method is used, the performance of
the host transfer cannot always be increased in the
alternate access operation upon reproducing AV data.

In the general disk drive, when the continuous
access method is used and the look-ahead operation is

25 executed in the access operation during reproduction,
the performance of the host transfer can be increased.

However, as mentioned above, in the access operation



ti 4 to sequentially and alternately access data upon, particularly,
reproduci ng AV data, the | ook-ahead operation upon reproduction is hardly
executed due to influences of the nunber of seek operations of a head 5 to
the data tracks having different access targets and the rotation waiting
time of the disk. Accordingly, the performance of the host transfer cannot
al ways be increased. As related art, nethods for performng each access
inamnnmmtine in the access operation 40 for sequentially and
alternately executing accesses have been proposed (for exanple, refer to
Jpn. Pat. Appln. KOKAI Publication No. 6-12188). However, in the related
art, such a situgpi gaqhéatiiley |aek-aheatatengr atcesscaabetupen executed is
not overcome. 15 Therefore, the performance of the host transfer cannot be
i ncreased. BRI EFpStiyMaRYa £Xy,THep NOGEIMONAVt dasaantbbj deokodhed@ present
i nvention to provide a disk drive access nethod whereby the 20 performance
of host transferopsrahtoraseen txepugsiusitdon K bardly aieedkedpdiati®n upon
executing an access operation to sequentially and alternately execute
v%ﬁtﬁao‘#, t here

accesses. |n accdr8aHercHFtpf o r &t SFEXpPRELALLODS ¢

h?sﬁrﬁ;ggﬁg]a neggoghgfdgggeggacfénﬁgé¥né(gif%qui% QEE¥§s“@££&e&§QLHFeS a
the rotation waiting time of the disk. Accordingly,
the performance of the host transfer cannot always be
increased. As related art, methods for performing
each access in a minimum time in the access operation

10 for sequentially and alternately executing accesses

have been proposed (for example, refer to Jpn. Pat.
Appln. KOKAI Publication No. 6-12188) . However, in
the related art, such a situation that the look-ahead
operation cannot be executed is not overcome.

15 Therefore, the performance of the host transfer cannot

be increased.

BRIEF SUMMARY OF THE INVENTION
It is an object of the present invention to
provide a disk drive access method whereby the
20 performance of host transfer is increased to improve
the entire access operation upon executing an access
operation to sequentially and alternately execute
accesses.
In accordance with one aspect of the present
25 invention, there is provided a method of access
control for a disk drive which includes a disk medium

and a head for accessing data from data tracks on the



and a head for accessing data fromdata tracks on the - 5 disk nmedi um

“ wherein when the disk drive sequentially alternately accesses data in the
data tracks on the disk nedium a |ook-ahead operation can be secured and
t he nunber of seek operations can be reduced. 5 The nethod conprises the
steps of: accessing |ook-ahead data other than requested data when
alternately and sequentially accessing the requested data fromthe data
tracks on the disk nediumin associati-onsw t-h novenent of the head,

accunul ating 10 the requested data and the | ook-ahead data in a buffer
menory; and securing access tinme to access the | ook- ahead data froma data

track having a hiigfk drlddunt " aRskeinr@hén ofhd hei dlasdrs vof seatiehtenedge
between data transfer rates of the data tracks for a 15 predeterm ned

period. BRI EF DESGRAEHENyOacEHEsSEVERM: M Bl CfetEHE r2RAW NG tEEG. 1 is a
bl ock di agram showi ng an essential part of a disk drive according to first
and second enbaliskemesliaf,t belpoksahead nvrerdbion XRIFNESseZArgddang are
di agranms for explaining data transfer rates in di sk access according to
the first and Sdeomimdeso¢ifmsaes; OPeLRtBORS GaRyiRYLRAYE I -expl ai ni ng an

outline of an access operation according o the first and second 25
embod mentSs: FI G 4. 18 RO “CRBFESPBY tBRpt HERT ot et s iy

look-ahead data other than requested data when
alternately and sequentially accessing the requested
data from the data tracks on the disk medium in
association with movement of the head; accumulating

10 the requested data and the look-ahead data in a buffer
memory; and securing access time to access the look-
ahead data from a data track having a high data
transfer rate on the basis of a difference between
data transfer rates of the data tracks for a

15 predetermined period.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a block diagram showing an essential
part of a disk drive according to first and second
embodiments of the present invention;

20 FIGS. 2A and 2B are diagrams for explaining data
transfer rates in disk access according to the first
and second embodiments;

FIG. 3 is a diagram for explaining an outline of
an access operation according to the first and second

25 embodiments;

FIG. 4 is a timing chart for explaining the

access operation according to the first embodiment;



. access operation according to the first enbodinent; ti - 6 FIG 5 is a
flowhart for explaining a procedure of an access nethod according to the
first enmbodinent; FIG 6 is a flowhart for explaining the procedure of

t he access nmet hod according to the first 5 enbodinent; FIG 7 is a timng
chart for explaining the access operation according to the second
enbodinent; FIG 8 is a flowhart for explaining a procedure of an access
met hod according to the second 10 enbodirent and FIG 9 is a flowchart
for explaining the procedure of the access nmethod according to the second
enbodi ment. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 Enbodi nents of the
present invention w IFIGW0W He ad€idowchedthfori explaining e mefeesnge to t he
drawi ngs. First Enbodi ment According to the present enbodinent, as shown
in FIG 1, a dick adr iacses5 hethadrechanding t bratthe degrds empodangnsk 1
serving as a recording nediumin accordance with a read/ wite conmmand
generated from a hostFisstéems 86 fdewekaeht EOF @RI ™%r oduci ng of

access (DA fo. dOQESEUF Rista PFAeREBRS BURRE Arerans T Sid mirCed 1 rom
access to 2 buf fe?r{bodiment;
FIG. 7 is a timing chart for explaining the
access operation according to the second embodiment;
FIG. 8 is a flowchart for explaining a procedure
of an access method according to the second
10 embodiment; and
FIG. 9 is a flowchart for explaining the
procedure of the access method according to the second
embodiment.
DETAILED DESCRIPTION OF THE INVENTION
15 Embodiments of the present invention will now be
described hereinbelow with reference to the drawings.
First Embodiment
According to the present embodiment, as shown in
FIG. 1, a disk drive 15 has a mechanism that accesses
20 a disk 1 serving as a recording medium in accordance
with a read/write command generated from a host system
16 to execute recording or reproducing of data.
In an access operation according to the present
embodiment, disk access (DA) to access a data track on
25 the disk 1 is discriminated from access to a buffer
memory (buffer RAM) 8. The host system 16 is a

digital device such as a personal computer or a



,menory (buffer RAM 8. The host system 16 is a digital device such as a
personal conputer or a - 7 - digital television set. One or a plurality of
disks 1 are attached to a spindle notor (SPM 2 and are then rotated. In
the disk 1, a plurality of concentric data tracks are 5 forned. Each data
track is divided into a plurality of data sectors. In the access
operation, a head (in this case, a magnetic head) 3 records data in units
of data sectors on each data track or repYoduces data from each data 10
sector. The head 3 has a read head 30 to reproduce data (a read operation)
and a wite head 31 to record data (a wite operation). The head 3 is
mount ed on an acdiital Stelwtiadiong sed.voi ce coil nmotor (VCM 4. The
actuator 5 executes 15 the seek operation to nove the head 3 in the radial
direction of the di skonemwr & dlunadd Horode ddBkehd avenpitached B9 @ he SPM 2

and the VCM 4 is supplied with driving current froma tor_driver 1C 6
constructed 20 $§t ‘ﬁ}%d?od‘iq%g(sfﬁ“SIgM i $EF é‘[ﬁanar%i/?%?r vel?ithS one

LR :h%](()giir S%Spa%%ealquézorofdrczjo}‘xhrtenltgi?' dF;.rQet %&I(Q'Oa]i'é the main

control unit of cutes e control "opération on the basis

of a proggam stesagedn a a A BAM 1L gsviaed 28t8 25p¥erking, menory
in the control operation of the CPU 10.
of data sectors.

In the access operation, a head (in this case, a
magnetic head) 3 records data in units of data sectors
on each data track or reproduces data from each data

10 sector. The head 3 has a read head 30 to reproduce
data (a read operation) and a write head 31 to record
data (a write operation).

The head 3 is mounted on an actuator 5 including
a voice coil motor (VCM) 4. The actuator 5 executes

15 the seek operation to move the head 3 in the radial
direction of the disk 1 by a driving force of the
VCM 4.
Each of the SPM 2 and the VCM 4 is supplied with
driving current from a motor driver IC 6 constructed
20 by integrating an SPM driver and a VCM driver into one
circuit. A CPU 10 controls the motor driver IC 6.
The CPU 10 is the main control unit of the drive and
executes the control operation on the basis of a
program stored in a ROM 12.. A RAM 11 is used as a
25 working memory in the control operation of the CPU 10.

The disk drive 15 further comprises a disk

controller (HDC) 7, buffer memory (buffer RAM) 8, gate



The disk drive 15 further conprises a disk controller (HDC) 7, buffer
menory (buffer RAM 8, gate 8 array 9, read/wite (R'W channel 13, and
head anplifier (preanplifier) IC 14. The HDC 7 conprises an interface of
the drive 15 and the host system 16. The HDC 7 receives a conmand 5 from
t he host system 16.and controls transfer of read/wite data. The buffer
menory 8 tenporarily stores read data (reproduced data) and wite data
(recording data) transferred fromthe HDC 7. Look- ahead data in a

| ook- ahead operation according to 10 the present enbodi nent is accumul at ed
in the buffer nmenory.8. The gategar+ay 9 includes a servo controller for
reproduci ng servo data and an interface controller for transmtting or
recei ving various data and signals. 15 The FVVVchaqgel 13 is aread/wite
si gnal. processin brcid . (re BhWhabannel asdrleeadduces (decodes) a  read
si gnal -P&&dYo f'g§a¥hgﬁgggéR#§gd 30 through the head amplifier 1C 14 into
ori gi nal . din »1 Effickr)t Ien ldr.ansmits the reproduced data (digital

r ead dafﬂ#&ggagg ?ﬂgé%i 7. The R'Wchannel 13 receives gte data from
the HDC 7, engedepct hecempriset @mpriedardasenod tF@cGFHY%\éY Hata, and then
transmts the resultant data to the head anplifier IQ&& 4 The head

anplifi ?nd GniAnbas syseen Byl iBheeDCor rE5edNSPi PyFRG the read signal

supplied fromthe read head o L o
:p from the host system 16 and controls transfer of

read/write data. The buffer memory 8 temporgrily
stores read data (reproduced data) and write data
(recbrding data) transferred from the HDC 7. Look-
ahead data in a 1ook-ahead operation according to

10. the present embodiment is accumulated in the buffer

memoxry 8. - _ | o
-The gate7array 9 includes a servo ¢ontroller for

reproducing sexrvo data and an interface controller for

transmitting or receiving various data and signals.
i5 The R/W channel 13 is a read/write signal processing

circuit. The R/W channel 13 reproducés'(decodes) a

read signal read out by the read head 30 through the

head amplifier IC 14 into original recording data, and

then transmits the reproduced data (digita; regd da;a)_

to the HDC 7. The R/W channel 13 receives write data

20. from the HDC 7, encodes the data into predetermined
recording data, and then transmits the resultant data
to the head amplifier IC 14. '

The head amplifier IC 14 has a read amplifier for

25 amplifying the read signal supplied from the read head

30 and a write amplifier for converting the encoded

data supplied from the R/W channel 13 into write



30 and a wite anplifier for converting the encoded data supplied fromthe
R'Wchannel 13 into wite 9 - current. Access (Qperation The access
operation according to the present enbodinment will now be described with
reference to 5 FIGS. 1 to 6. In the present enbodi nent, the access
operation for reproduction is assuned. In the access operation, for
exanpl e, AV data recorded on the disk 1 is accessed in response to an
access request generated 10 fromthe host %system 16. In this instance, as
shown in FIG 2A, an inner data track 100M and an outer data track 100N
on the disk 1 are alternately and sequentially accessed. in a general disk
drive, each dat aurraek.on the 15 disk 1 is divided into a plurality of
data sectors 200N or 200M In other words, in the access operation,
recording or r epr odudaupssatOoperatéracuted in units of data sectors. As
shown in FIG 2B, the nunber of data sectors 20 included in the inner data
track 100M on the di dbel acgesg PPEFahionr BRCPFHEIDY ntQ e ®RESS a track

nunber 15 rel bt PR IR e R tRaROPRIE OFSCT R MHer day A Sk P00M I n the
access opqgatlcnkld%.ZQ %Ba%gfer rate (the amount of data per unit tine) of
In the present embodiment, the access operation
for reproduction is assumed. In the access operation,
for example, AV data recorded on the disk 1 is
accessed in response to an access request generated
10 from the host system 16. In this instance, as shown
in FIG. 2A, an inner data track 100M and an outer data
track 100N on the disk 1 are alternately and
sequentially accessed.
In a general disk drive, each data track on the
15 disk 1 is divided into a plurality of data sectors
200N or 200M. In other words, in the access
operation, recording or reproducing data is executed
in units of data sectors.
As shown in FIG. 2B, the number of data sectors
20 included in the inner data track 100M on the disk 1 is
different from that in the outer data track 1O0ON.
That is, the outer data track 100N includes data
sectors whose number is relatively larger than that of
the inner data track 100M. In the access operation, a
25 transfer rate (the amount of data per unit time) of
data accessed in the outer data track 100N is higher

than that in the inner data track 100M.



.data accessed in the outer data track 100N is higher than that in the

i nner data track 100M 10 According to the present enbodi nent, as shown in
FIG 3, the disk drive 15 alternately and sequentially accesses the data
tracks 100M and 100N on the disk 1, and then transfers data read fromthe
data tracks 100M 5 and 100N to the host system 16. The access operation 1is
acconpani ed by the seek operation (HS) to nove the head 3 between the data
tracks 100M and 100N. During the seek-opéPatiron (HS), disk accesses (DAM
and (DAn) to the data tracks 100M and 100N are stopped. 10 The | ook-ahead
operation cannot be executed by only the disk access according to the
access request supplAeeprdigg tise thesprepensnempodppent di &% SO ahead

data is hardly accumul ated in the huffer nory 8, 15 Accor di tqQ the
access net hod of Fike dr ddintdlsdnidgdvient, aﬁ‘érPéBﬁl%h%%%l %?)%‘?eﬁ%ﬁfyor t he

t data t k 100N hayi hi_gh tenl i 1,al
exeout ed usi ng. LR ST ITrdio Saa var <o, neoh ahdr 5907 PR Tl gl o
tracks 100M and 100N.8%, 20 EhionedaDaYe. rASnatheSdhta PRI (W) of

t he seek operation are cut to reduce the nunber of seek operations.
Consequentiy, thg,perdoy enaddhoshte sydfehr €62CCERS Qpesss | eperationr eased.

In this instance, since the transfer rate of the 25 data track 100Mis
different from thatacforigenidat dy the seek operation (HS) to move the
head 3 between the data tracks 100M and 100N. During
the seek operation (HS), disk accesses (DAm) and (DAn)
to the data tracks 100M and 100N are stopped.

10 The look-ahead operation cannot be executed by
only the disk access according to the access request
supplied from the host system 16. Accordingly,
look-ahead data is hardly accumulated in the buffer
memory 8.

15 According to the access method of the present
embodiment, the look-ahead operation for the outer
data track 100N having a high transfer rate is
preferentially executed using the difference between
the transfer rates of the data tracks 100M and 100N as

20 mentioned above. As a result, parts (300) of the seek
operation are cut to reduce the number of seek
operations. Consequently, the performance of the
entire access operation is increased.

In this instance, since the transfer rate of the

25 data track 100M is different from that of the data

track 100N, time required for disk access in the data

track 100M is also different from that in the data



track 100N, tinme required for disk access in the data track 100Mis also
different fromthat in the data ' S - 11 track 100N According to the
access nethod of the present enbodi nent, the | ook-ahead operation for the
outer data track 100N is preferentially executed for the time difference
bet ween the di sk accesses. 5 The access nethod according to the present
enbodi mrent w Il now be described in detail with reference to FIGS. 4 to 6.
Referring to FIG 4, reference synbols-T1lio ¥4 denote periods each
corresponding to one rotation of 10 the disk 1; DAn, the disk access to
the data track 100N, DAm the disk access to the data track 100M RN, host
processing (suchmskdfddind denerdinanto piloe eaeteRp m&irh%@fdéﬁlﬁ track

100N, RM host process for the data_track 100M CO, .acce ég
preparation prodZssHent @Egﬁﬁéﬁénévelzh%aéﬁo a‘i“?&eﬂs CRFA 100 °5p Stion of

the head 3. Ref 40 t t

401N, data road OTEOHE daesk PA0R TBORE e EREE o S Hare s P8 t he

data track 100M. Ref8hg %@ﬁm%e%egagaeﬁhét@mpyag&gge@e of the di sk
era en

access. Basi c a command I ndicative of an access request is

generated Jrom the hogj Cfife R hetnbhe aHBErdihg thethdligkestiitve 15 receives
CPU

the command (step Si).
embodiment will now be described in detail with

reference to FIGS. 4 to 6.
Referring to FIG. 4, reference symbols Tl to T4
denote periods each corresponding to one rotation of
10 the disk 1; DAn, the disk access to the data track
100N; DAm, the disk access to the data track 100M; RN,
host processing (such as command generation
processing) for the data track 100N; RM, host
processing for the data track 100M; CO, access
15 preparation processing (command overhead); and HS, the
seek operation of the head 3. Reference numeral 400
denotes the seek operation to be cut; 401N, data read
from the data track 100N; and 401M, data read from the
data track 100M. Reference symbol AT denotes standby
20 time of the disk access.
Basic Operation
When a command indicative of an access request is
generated from the host system 16, the HDC 7 in the
disk drive 15 receives the command (step S1). The CPU
25 10 interprets the command received by the HDC 7. In
this instance, a read command to reproduce data from

the data tracks (100M and 100N) on the disk 1 is



25 10 interprets the conmand received by the HDC 7. In this instance, a
read command to reproduce data from the data tracks (100M and 100N) on the
disk 1 is 12 assuned. Usually, the CPU 10 executes the seek operation to
position the head 3 on the data track where data corresponding to the
access request has been recorded. Specifically, the CPU 10 permts the 5
notor driver 6 to drive the VCM 4, thereby noving the head 3 to the data
track serving as a target position on-thé&2disk 1. In this case, the read
head 30 included in the head 3 reads recorded data fromthe data track and
10 then outputs the data to the head anplifier 1C 14. The R/ Wchannel 13
performs signal gEaeess n@suaudly, ashedePudilogexetutbs tkadsseknal
transmtted fromthe head anplifier IC 14 to reconstitute original data
and. then transmigerathenr deopsisiitivad tiet deed BhenHDEe 7dald THRCHDC 7
accunul ates reproduced data (read data) supplied fromthe R/ Wchannel 13
in the buffer netheie Rtén@odiresrorgAsrels FE@ BSF8SPoreAReHoHSyst em 16.

' 7 Tecel ves SedRP I - SEoEHE houn vey SenrTE FrEtaTTs " p0 1o
bei ng exectt od (RS STV B A4S GEAVRRERRTER Hpor -0 APEPIVER D bter
S2), the CPU 10 gleferimnesnhefher tiraexdisekvangess bStarget position
on the disk 1.
In this case, the read head 30 included in the
head 3 reads recorded data from the data track and
10 then outputs the data to the head amplifier IC 14.
The R/W channel 13 performs signal processing (such as
decoding) of the read signal transmitted from the head
amplifier IC 14 to reconstitute original data and then
transmits the reconstituted data to the HDC 7.
15 The HDC 7 accumulates reproduced data (read data)
supplied from the R/W channel 13 in the buffer memory
8 and also transfers the data to the host system 16.
The above-mentioned basic operation is used as a
precondition. When the HDC 7 receives a command from
20 the host system 16 (step S1l), the CPU 10 determines
whether disk access (the read operation by the read
head 30) is being executed (step S2).
If the disk access is being executed (YES in step
$2), the CPU 10 determines whether the disk access is
25 stopped (step S8). In other words, when the disk
access is performed for a data track which is not

concerned with the access request supplied from the



. 25 stopped (step S8). In other words, when the disk access is perforned for
a data track which is not concerned with the access request supplied from
the 13 host system 16 (NOin step S8), the CPU 10 stops the disk access
(step S9). Wien data requested by the host system 16 is accumulated in the
buffer menory 8 (YES in step S3), 5 the CPU 10 transfers the requested data
fromthe HDC 7 to the host system 16 w thout executing the disk access
(step S6). Wien the requested data is not 13accunul ated in the buffer nenory
8 (NOin step S3), the CPU 10 proceeds to preparation for the execution 10
of disk access to the requested data (step S4). Wen the CPU 10 conpl etes
the preparati on hoest sylst@sslGetNG g ctepe@fest ¢edePH dP shepsetke
operation of the head 3, the CPU 10 permts the read head 30 to execute
the di sk access @sskpa859ss WateplB%)he di sk access is executed, as

menti oned above, the HDC 7 accumul ates_ reproduced data %requested dat a)
suppl i ed fromthe R VWheandeta 13equesird R fidre MOSSr PYSECBnd®alt8o transfers

Lhe data 10, 1e hostasyel ol 40 . Shehe S0 il 87l (38ThE abguesgpnt oned
eSS B BRI R S R gl Rt Bl oty
100N i's to the host system 16 without executing the disk
access (step S6). When the requested data is not
accumilated in the buffer memory 8 (NO in step S3),
vthe CPU 10 proceeds to preparation for the execution
10 of disk access to the requested data (step S4).

When the CPU 10 completes the preparation for
address setting of requested data or the seek
operation of the head 3, the CPU 10 permits the read
head 30 to execute the disk access (step S5). When

15 the disk access is executed, as mentioned above, the
HDC 7 accumulates reproduced data (requested data)
supplied from the R/W channel 13 in the buffer memory
8 and also transfers the data to the host system 16
(steps S6 and S7).

20 The above-mentioned operation which accompanies
the execution of the disk access will now be described
with reference to a timing chart of FIG. 4.

First, for the period Tl in FIG. 4, for example,
the disk access (DAn) to the data track 100N is

25 executed in response to the host request (RN). Due to
the disk access (DAn), data (of two sectors in this

case) recorded in the data track 100N is transferred



.25 executed in response to the host request (RN). Due to the disk access
(DAn), data (of two sectors in this case) recorded in the data track 100N
is transferred 14 to the host system 16. Wen all of the data is
transferred to the host, the host processing (RN is finished. Wen the
host processing is conpleted, the host 5 system 16 proceeds to preparation
for generation of the next command (CO command overhead). During the
period for preparation, the disk access (2An) to the data track 100N is
continued (the | ook-ahead operation). Data read by the | ook-ahead operation
is 10 transmtted to the HDC 7 and is then accunulated in the buffer
menory B. Subsequenthe hodternsyasteamiend fbent e ldafatheadkta 10OM i s
generated by the host processing (RM, the CPU 10 stops the disk access
(DAn) to the dattrimsfdrdaiON ol Shendasiten theebostsprhcesseRgopRN htiHn (HS)
of the head 3. The di sk access cannot be executed entirely until the seek
operation (HS) iEimbsipe@ted and the head 3 reaches the data track 100M

Wien the head 3 reaches the data track 100M the 20_.CPU 10t xeﬁgi s the
di sk access (DAn) to VReD dh% PRFL AR ° CREPLESRdDY {E‘Fms

For egoi ng per i odEdrtab S eSS BRERTALIR, 2r Shnefieioh 2! 12
host request (RthLSnext command (CO: command overhead). During the
period for preparation, the disk access (DAn) to the
 data track 100N is continued (the look-ahead
operation). Data read by the look-ahead operation is
10 transmitted to the HDC 7 and is then accumulated in
the buffer memory 8.
Subsequently, when a command for the data track
100M is generated by the host processing (RM), the CPU
10 stops the disk access (DAn) to the data track 100N
15 and then executes the seek operation (HS) of the head
3. The disk access cannot be executed entirely until
the seek operation (HS) is completed'and the head 3
reaches the data track 100M.
When the head 3 reaches the data track 100M, the
20 CPU 10 executes the disk access (DAm) to the data
track 100M after the standby time AT (waiting for
rotation) for the disk access (period T2). As with
the foregoing period T1l, the disk access (DAm) is
continued until the next host request (RN) is
25 generated. Consequently, requested data and look-
ahead data read by the disk access (DAm) are

transmitted to the HDC 7 and are then accumulated in



- 25 generated. Consequently, requested data and | ook- ahead data read by the
di sk access (DAn) are transnitted to the HDC 7 and are then accumul ated in
- 15 the buffer nmenory 8. The requested data is transferred fromthe HDC
7 to the host system 16. As nentioned above, in response to the host
request (RN or RM, the disk accesses (DAn and DAn) to 5 the data tracks
100N and 100M are alternately executed while being acconpanied with the
seek operation of the head 3. The requestled data read fromthe disk
accesses (DAn and DAn) is transferred to the host system 16 through the
HDC 7 (host transfer). 10 The | ook-ahead operation which is executed after
t he host transfeghaibihf fow hnales @ . bathenirtduesttededeea is a fl owchart of
FIG 6. For the period T2 in FIG 4, when the next host request (RN) is
generated, the CPthiSfemesditfron Hthe HPAiTskocadbesbosbaaystemt heé. data track
100N (for the period M In this instance, it is assuned that requested
data (401N) correspondsngenbiened kave r dquasRage 8s theeho§Ecumul ated in

7 Cranst ors the Feguest el H0LIRS SAFH AoReTE® BORPoP RoBR) B 1o t he
i sk accest (Danfreoiehe whtar LA roi T i, A e e R P s R G her
words, the CPU 1thle being accompanied with the seek operation of the
head 3. The requested data read from the disk
accesses (DAn and DAm) is transferred to the host
system 16 through the HDC 7 (host transfer).
10 The look-ahead operation which is executed after
the host transfer will now be described with reference
to a flowchart of FIG. 6.
For the period T2 in FIG. 4, when the next host
request (RN) is generated, the CPU 10 executes the
15 disk access (DAn) to the data track 100N (for the
period T3). In this instance, it is assumed that
requested data (401N) corresponding to the host
request (RN) has been accunulated in the buffer memory
8 by the preceding disk access. In this case, the HDC
20 7 transfers the requested data (401N) read from the
buffer memory 8 to the host system 16.
After the host transfer, the CPU 10 determines
whether the disk access (DAn) to the data track 100N
is continued (step S10). 1In other words, the CPU 10
25 determines whether the look-ahead operation is
executed until the next host request (RN) is

generated. In this case, it is assumed that the



25 determ nes whether the |ook-ahead operation is executed until the next
host request (RN) is generated. In this case, it is assuned that the 16

| ookahead operation, nanely, the disk access (DAn) is continued (YES in
step S10). In this instance, the CPU 10 determ nes whether there is a

di fference between the disk transfer rate 5 of the inmedi ately preceding
command (RM) and that of the present command (RN) (step S11). In this case,
since the inner data track 100M having-a nel atively |ow transfer rate and
the outer data track 100N having a relatively high transfer rate are
alternately 10 accessed, there is a difference between the disk transfer
rates. The CPU lbgalhadatgs ratd onymhemedfy, daha diesk oascessr (rsporidi ng to
the difference between the transfer rates (step S12). The CPU 10 conti nues
the di sk 15 accessmi(iDAred cldifSesposdiepgSé)the | ook- ahead operation of the
cal cul ated nunber of data sectors (refer to the period T3). Wen the disk
access (DAn) is conpl B ethig viEstiancsefhs18PU dRedebarBERes WA HI®hed (step

S14). Further, the CPU 10 determ nes %n t he bggis of d%ﬁ thglgen Qgtion of
the next host rddireEs (R difderence: Retyreer LPeedisk oardns L2 ot iSued

515 the Hi sk % cete (AT TA advoptes operay RinfRELIRIE L SR BEE  wnen
the data track lgggqpresent command (RN) (step S11). 1In this case,
since the inner data track 100M having a relatively
low transfer rate and the outer data track 100N having
a relatively high transfer rate are alternately
10 accessed, there is a difference between the disk

transfer rates.

The CPU 10 calculates the number of data sectors
corresponding to the difference between the transfer
rates (step S12). The CPU 10 continues the disk

15 access (DAn) corresponding to the look-ahead operation
of the calculated number of data sectors (refer to the
period T3). When the disk access {DAn) is completed
(YES in step S13), the command is finished (step S14).

Further, the CPU 10 determines on the basis of

20 the generation of the next host request (RM) whether
the disk access (DAn) is continued (step S15). When
the next host request (RM) is generated (NO in step
S15), the disk access (DAn) is stopped (step S16) .

As mentioned above, when the data track 100N

25 having a high transfer rate is accessed, the look-
ahead operation is executed for a period corresponding

to the difference between the high transfer rate and a



25 having a high transfer rate is accessed, the | ook- ahead operation is
executed for a period corresponding to the difference between the high
transfer rate and a - 17 |ow disk-transfer rate corresponding to the
preceding command (RM. Therefore, although the conpletion of the host
processing (RN) is slightly del ayed, |ook- ahead data can be nai ntained
sufficiently in the 5 buffer nenory B. Subsequently, when the command for
the data track 100Mis generated by the host processing (RM, the CPU 10
executes the seek operation (HS) to nove the head 3 fromthe data track
100N to the data track 100M 10 In this instance, since the part of
requested data tewrespRAhAgsfar et asirmeagueastingasobeka paecedingt ed in,
for exanple, the buffer nmenory 8, the actual disk access éDAn) is finished
in a short tinme cémedmd {RM}he Ti'mzraﬁbrm) alteughatbeecompietsent®f 15 data
track 100Mis |ow Accordingly, when the uested data cqrresponding to
the host requestthe h@$hh@¥%¢¢%ﬁﬁﬁ%)@ﬂ@ Hé%ﬁﬂ§¢§¢éﬂlQﬁlayﬁgfhﬁggkbrocessing

is conpleted in minimumtime (gone rotation Sub uent when a
command for the aBeadtfatk c3® BHERIT ast“ef) 153}ef‘%29h6§t l:%f'ocessi ng

(RN), the _reque data i cluded in the | ook-ahead data (401N)
accunulatea in tﬁgggﬁFf%? %5¥D$y 8 by the | ook ahead operation for the

period T3. Therefore, hligeGRbh: 1§, dR65h NOie Nefthdhe eckraPeEaL 0aER00) to

nove t he
100M is generated by the host processing (RM), the CPU

10 executes the seek operation (HS) to move the head 3
from the data track 100N to the data track 100M.

10 In this instance, since the part of requested
data correspondihg to the host.request has been
accumulated in, for example, the buffer memory 8, the
actual disk access (DAm) is finished in a short time
(refer to the period T4). The transfer rate of the

15 data track 100M is low. Accordingly, when the
requested data corresponding to the host request is
transferred to the host system 16, the host processing
is completed in minimum time (one rotation time} .

Subsequently, when a command for the data track

20 100N is generated by the host processing (RN), the
requested data is included in the look-ahead data
(401N) accumulated in the buffer memory 8 by the look-
ahead operation for the period T3. Therefore, the CPU
10 does not need the seek operation (400) to move the

25 head 3 to the data track 100N. The requested data is
read from the look-ahead data (401N) accumulated in

the buffer memory 8 by the HDC7 and is then



.25 head 3 to the data track 100N. The requested data is read fromthe

| ook- ahead data (401N) accunulated in the buffer nenory 8 by the HDC7 and
is then - 18 - transferred to the host system 16. Accordingly, since the
seek operation and the disk access are not needed, the host processing
(RN) is conmpleted in a very short time. Since the seek 5 operation (400)
i's unnecessary for the period of the host processing (RN), the CPU 10
executes the | ook- ahead operation while ggntinuing the di sk access (DAM
to the data track 100M Advantages 10 As nentioned above, the di sk access
(DAn) to the data track 100N having a high transfer rate is continued for

a period correspond{dieAed e ¢nkf abeRceysbehween the transfer rates, in
ot her words, for a period corresponding to the disk access (DAmM to the 15

data track 100M havi rizcoddiwidlngnsfiercer ahe. seélanqunenibly,amwfwgh time
required for the host processing is slightly dela requested data

i ncl uded i n dat adisk Fecsguarte actaveedsdd theth@s aPéOCﬁ%@kg 16N can be
obt ai ned before the | ook-ahead 20 operatlon I n ot her “qug% in the
sequential and alg comRketescdas? yEErashBRt EiHe-f oP1RFR HROKESHead

Secured. her of GIRATAIGR (0 Hlodt FEGGEEF ooy fhe Che berldl b Ahe
host processing (RN), the CPU 10 executes the look-
ahead operation while continuing the disk access (DAm)
to the data track 100M.

Advantages

10 As mentioned above, the disk access (DAn) to the
data track 100N having a high transfer rate is
continued for a period corresponding to the difference
between the transfer rates, in other words, for a
period corresponding to the disk access (DAm) to the

15 data track 100M having a low transfer rate.
Consequently, although time required for the host
processing is slightly delayed, requested data
included in data to be sequential accessed in the data
track 100N can be obtained before the look-ahead

20 operation.

In other words, in the sequential and alternate
access operation, time for the look-ahead operation in
the data track 100N having a high transfer rate can be
secured. Therefore, when the host request for the

25 data track 100N is generated, the requested data can
be read from the look-ahead data accumulated in the

puffer memory 8 and be then transferred without



.25 data track 100N is generated, the requested data can be read fromthe
| ook- ahead data accunul ated in the buffer nmenory 8 and be then transferred
wi thout 19 needing the seek operation and the disk access. Consequently,
the entire execution tinme required for host processing (RMand RN) can be
reduced. Thus, the performance of the sequential and alternate access 5
operation can be increased. The advantages of the present enbodi nent wl|
now be described herei nbelow with respectl®o & specific exanple. In the
sequential and alternate access operations 10 for the data tracks 100M and
100N, it is assuned that, for access tinme of the same anmount of requested
data, the rationekdidagesbet saekfopetaeicatand ridok dikMaiczestshat for the
data track 100Nis 1 : 1.2 (5 nms : 6 n8 wth respect to access to 256
sectors). Wien tRenseauenblyeqtiheeentbre teneaaloogdme ireguimsy £9rset to
13 ms, it is assuned that there is a difference between the_ transfer
rates correspondtR§tt BrotedaindssRM opRd Rh<cafudit IKPAUGR%-he THUSesENRo t he
data track 100N, the conpletiop of the c

Paei 85 FB

0 nd |s .repetitivel 20 del ayed
until the | ook- aREXIO5PE f 83IIRRYL 47 ?Q;fQ%ﬁééﬁﬁfe éﬁggﬁSSt request
and dat a ageumil SR RoPnERRuPRLRERBR Ay [OP75i X Tepeated operations
can be secured. Accor @hdlavahRages of the present embodiment will now

be described hereinbelow with respect to a specific
example.
In the sequential and alternate access operations
10 for the data tracks 100M and 100N, it is assumed that,
for access time of the same amount of requested data,
the ratio of access time for the data track 100M to
that for the data track 100N is 1 : 1.2 (5 ms : 6 ms
with respect to access to 256 sectors). When the time
15 required for the seek operation (HS) is set to 13 ms,
it is assumed that there is a difference between the
transfer rates corresponding to 51 data sectors.
Subsequently, in the access to the data track
100N, the completion of the command is repetitively
20 delayed until the look-ahead operation for 51 sectors
is finished. One host request is satisfied by data
obtained by the sixth repetitive delaying operation
and data accumulated in the buffer memory 8 for six
repeated operations can be secured. Accordingly, in
25 the access to the data track 100N, the look-ahead

operation is advanced by 6 ms (1 ms x six times).

Consequently, the processing time corresponding to the



.25 the access to the data track 100N, the | ook-ahead operation is advanced
by 6 n8 (1 ns x six tines). Consequently, the processing tine
corresponding to the 20 seek tine (13 ms x 2) can be reduced in the seek
operation required to nove the head between the data tracks 100M and 100N.
Second Enbodi nent 5 Cenerally, when AV data or the like is reproduced, the
host system 16 sets a tine limt of access to -each of the data tracks 100M
and 100N in order to maintain the transfe20rate. A second enbodi nent
relates to an access net hod whereby the 10 maxi mum conmand processing tine
is secured inthe tinme limt to continue disk access. Specifically,
according to thesaekessmeethddns attEy carhasi reepoest ini $heospkkted, the

| ook-ahead operation is continued wuntil the access tinme limt, thereby
securing the 15 peeirabipanveguinéd| bokneirredhadtead Pedweeasshe dabddi ment

wi Il now be described in detail hereinbelowwith reference to FIGS. 7 to

9. As shown in attrpekehaPPMopng| HOB. when the HDC 7 receives a command
fromthe host system 16 gste SZél, 0 the CPU 10 determ nes whet her disk
access (the read oper REF8RLY™PREFEAY head 30) is being executed (step

S22). If di sk i in sten «S22). th
det &7 mi nes Sahet her ¢ hEeHPERLATEoRREN SRV B8kd U ot SR 4329, (e P00

reproduced, the host system 16 sets a time limit of
access to each of the data tracks 100M and 100N in
order to maintain the transfer rate. A second
embodiment relates to an access method whereby the
10 maximum command processing time is secured in the time
limit to continue disk access. Specifically,
according to the access method, after a host request
is completed, the look-ahead operation is continued
until the access time limit, thereby securing the
15 maximum amount of loock-ahead data.
The present embodiment will now be described in
detail hereinbelow with reference to FIGS. 7 to 9.
As shown in a flowchart of FIG. 8, when the HDC 7
receives a command from the host system 16 (step S21),
20 the CPU 10 determines whether disk access (the read
operation by the read head 30) is being executed
{step S522).
If the disk access is being executed (YES in step
S22), the CPU 10 determines whether the disk access 1is
25 stopped (step $28). In other words, if the disk
access is performed for a data track which is not

concerned with the access request of the host system



.25 stopped (step S28). In other words, if the disk access is perforned for
a data track which is not concerned with the access request of the host
system21 16 (NOin step S28), the CPU 10 stops the disk access (step
S29). In the case where data requested by the host system 16 has been
accunul ated in the buffer nmenory 8 5 (YES in step S23), the CPU 10 permts
the HDC 7 to transfer the requested data to the host system 16 (step S26).
| f the requested data is not accunul ated 2h the buffer nmenory 8 (NOin
step S23), the CPU 10 proceeds to preparation for the execution of disk 10
access for the requested data (step S24). Wen the preparation for address
setting of the nequastéed daen 828) 1 hehse@RU ob@rsitamm tdfe diskhagdessi s
conpl eted, the CPU 10 executes di sk access using the read head 30 (step
S25). Due to the (eteputSicn -of the 15 di sk access, as nentioned above, the

HDC 7 accumul ates reproduced data_ (requested data lied fromthe RRW
channel 13 in the buf fi& ﬁ%@nﬁ@968wb§F8pd3§B)r%ﬂﬂe%%%%qgfﬁaﬁ%#EF; the data

e st Y e ek SRS Shon o SRELEL A U A W80y e
TR A R SR e e ST o T
in response to the hotle  eadestqhBMealygtsord Nendlitedst system 16
(step S26). If the requested data is not accumulated
in the buffer memory 8 (NO in step S23), the CPU 10
proceeds to preparation for the execution of disk
10 access for the requested data (step S24).

When the preparation for address setting of the
requested data and the seek operation of the head 3 is
completed, the CPU 10 executes disk access using the
read head 30 (step S25). Due to the execution of the

15 disk access, as mentioned above, the HDC 7 accumulates
reproduced data (requested data) supplied from the R/W
channel 13 in the buffer memory 8 (step $26) and also
transfers the data to the host system 16 (step S27).

The above-mentioned operation accompanying the

20 execution of the disk access will now be described
with reference to a timing chart of FIG. 7.

First, for the period Tl in FIG. 7, the disk
access (DAn) to, e.g., the data track 100N is executed
in response to the host request (RN). Due to the disk

25 access (DAn), data (of two sectors in this case)

recorded in the data track 100N is transferred to the

host system 16. When all of the data is transferred



. 25 access (DAn), data (of two sectors in this case) recorded in the data
track 100N is transferred to the host system 16. Wien all of the data is
transferred - 22 to the host system 16, the host processing (RN) is
finished. Wien the host processing is finished, the host system 16
proceeds to preparation for generation of 5 the next conmand (CO conmand
overhead). During such a preparation period, the disk access (DAn) to the
data track 100N is continued (Il ook-ahead op2ration). Data (701N) read by
t he | ook-ahead operation is transmtted to the HDC 7 and is then

accunmul ated in 10 the buffer nenory 8. Subsequently, when a conmand for
the data track 1@0Mhies hgenesgsedmby 6t hehéostsprmoesssgigng RRN) tise CPU 10
stops the disk access (DAn) to the data track 100N and then executes the
seek operation (Hdpishedhe head 15 3. The di sk access cannot be executed

data track 100M Vhen D FBAUNSSEOREREESE HRd ALt ot (P HIEHOGNE PREE CPU 10
i e AT (vl t§ ng HBEE, JEaPPBRFoRor ConBr OF &1 Gt voeto FeTTRE 1oF Sthe di sk-
2 Tanner st | ar T8 SRS FoBEsnd ST e o R P SRR Gata”
a preparation period, the disk access (DAn) to the
data track 100N is continued (look-ahead operation).
Data (701N) read by the look-ahead operation is
transmitted to the HDC 7 and is then accumulated in
10 the buffer memory 8.
Subsequently, when a command for the data track
100M is generated by the host processing (RM), the CPU
10 stops the disk access (DAn) to the data track 100N
and then executes the seek operation (HS) of the head
15 3. The disk access cannot be executed until the seek
operation (HS) is completed and the head 3 reaches the
data track 100M.
When the head 3 reaches the data track 100M, the
CPU 10 executes the disk access (DAm) to the data
20 track 100M after the standby time AT (waiting for
rotation) for the disk access (period T2).
The disk access (DAm) is continued until the next
host request (RN) is generated in a manner similar to
the foregoing period Tl. Consequently, requested data
25 and look-ahead data read by the disk access (DAm) are
sent to the HDC 7 and then accumulated in the buffer

memory 8. The requested data is transferred from the



.25 and | ook-ahead data read by the disk access (DAm are sent to the HDC 7
and then accunulated in the buffer nenory 8 The requested data is
transferred fromthe 23 - HDC 7 to the host system 16. As menti oned above,

t he di sk accesses (DAn and DAm are alternately executed while being
acconpani ed by the seek operation of the head 3 for the data 5 tracks 100N
and 100Min response to the host request (RN and RM. The requested data
read by each disk access (DAn or DAmM +s 23ansferred to the host system
16 through the HDC 7 (host transfer). According to the present enbodi nent,
as shown in 10 FIG 7, the host system designates tinme limts (LTn and
LTm for the di skpgcogegsseshexrsst esydtoem tihee data tracks 100N and 100M by

t he host system 16. When the elapsed tinme required for the actual disk
access has spare ti maswmehihohheé sboee] ithe diskh ancedspgs, (Dha aBd

| ook- ahead operation is continued for the spare time. , The | ook-ahead
operation will nofmdeagesetroerately eredtiechedils PedpguneRsPPParie?G 9 in

ranst or,  the OPDY1SBBEERH: ABSEARETRETE (HIE AIRE “ad0bs s FORRF T o the data
oper ati on Ps. exedtreacurbel Bd Rt i siRn e i Rhat Lkl o
determned. In thigg GA3€rMht | $he requested data read by each disk
access (DAn or DAm) is transferred to the host system
16 through the HDC 7 (host transfer).
According to the present embodiment, as shown in
10 FIG. 7, the host system designates time limits (LTn
and LTm) for the disk accesses executed for the data
tracks 100N and 100M by the host system 16. When the
elapsed time required for the actual disk access has
spare time within the time limit (LTn or LTm), the
15 look-ahead operation is continued for the spare time.
The look-ahead operation will now be described
with reference to a flowchart of FIG. 9 in addition to
FIG. 7.
For the period Tl shown in FIG. 7, after the host
20 transfer, the CPU 10 determines whether the disk
access (DAn) to the data track 100N is continued (step
S30). In other words, whether the look-ahead
operation is executed until the next host request (RM)
is generated is determined. 1In this case, it is
25 assumed that the look-ahead operation, namely, the
disk access (DAn) is continued (YES in step S30).

The CPU 10 continues the look-ahead operation



.25 assuned that the | ook-ahead operation, nanely, the disk access (DAn) is
continued (YES in step S30). The CPU 10 continues the | ook-ahead operation
- 24 (disk access DAn) to the maximumlimt up until the tinme limt (LTn)
designated by the host system 16 (step S31). Wen the disk access (DAn) is
conpleted (YES in step S31), the conmand is finished (step S32). 5
Further, the CPU 10 determ nes on the basis of the generation of the.next
host request (RM whether the disk access24{DAn) is continued (step S33).
When the next host request (RM is generated (NOin step S33), the disk
access (DAn) is stopped (step S34). 10 As nentioned above, if the tine
limt (LTn or LTdjiskestgasscbhmy tdeHwstaxsiysirehiidthap notibetme
exceeded, the | ook-ahead operation is continued to the maxinumlimt after
the host transfetimpctdndtnglyn) dgzimafied fy doephestoaysterhtbhost
processing (RN) is 15 slightly del ayed, | ook-ahead_data, can be_ sufficientl
secured in the buFteP #dkbry %@e@iﬂﬁﬁuﬂkﬁﬁlﬂﬁc%§§ R i85 EPEPL9te%hen a Y
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head 3 from the data FLeeteiook T he dare (racles ThoM T gpu to o
executes the di skhacgeasrbProh dPrtidehext host request (RM) whether
the disk access (DAn) is continued (step S33). When
the next host request (RM) is generated (NO in step
S33), the disk access (DAn) is stopped (step S$34).
10 As mentioned above, if the time limit (LTn or
LTm) designated by the host system 16 has not been
exceeded, the look-ahead operation is continued to the
maximum limit after the host transfer. Accordingly,
although the completion of the host processing (RN) is
15 slightly delayed, look-ahead data can be sufficiently
secured in the buffer memory 8.

Subsequently, as shown in FIG. 7, when a command
for the data track 100M is generated by the host
processing (RM), the CPU 10 stops the disk access (the

20 look-ahead operation) to the data track 100N and then
executes the seek operation (HS), thereby moving the
head 3 from the data track 100N to the data track
100M.

The CPU 10 executes the disk access (DAm) for the

25 data track 100M (period T2). Requested data read from
the data track 100M due to the disk access (DAm) is

transferred to the host system 16 through the HDC 7



.25 data track 100M (period T2). Requested data read from the data track
100M due to the disk access (DAn) is transferred to the host system 16
through the HDC 7 - 25 - (host transfer). Subsequently, the comand (RN) to
the data track 100N is generated fromthe host system 16. The requested
data is included the in | ook-ahead data 5 (701N) accumul ated in the buffer
menory 8 by the | ook- ahead operation for the period Tl. Therefore, a seek
operation (700) to nove the head 3 to the data"track 100N is not needed.
The HDC 7 reads out the requested data fromthe | ook-ahead data (701N)
accunmul ated. in 10 the buffer nenory 8 and then transfers the data to the
host system 16. Shwsd tthrensdek)oeperati on (700) and the stopping of the

di sk access (DAmM are not needed, the CPU 10 continues the di sk access

(DAT), thereby continfuRgearsntiy. | §5R- Sﬁ@E@ngpé$¥&|Eﬁ1qh?tqﬂ§4d§Fé rack
100M Sub tl d f d t k_100M ted by th
host prgczgg?ﬁg @ﬁ“%ﬁl%ﬁgg%géaﬁggt%aoﬂa e, r?ﬁ¢?¥ﬁﬁﬁF| t gggggkeahegd ©
dat 701 | head

ata (701M aCCleyEHe“O%g&%ﬁ%ﬁsua&wa&% yléch@-a%%a&?‘é‘t% ea

operation for th eérefore the seek operation (700) to nove
the head 340 the 761%)3 afcfc%‘ﬁdﬁllaQQM ifi BRE PEefed. mether HECHY reedsoeut the

request ed data fronlthe | ook- ahead data (701M accumnul ated in the buffer
menmory 8 and themHdaaneipiration for the period Tl. Therefore, a seek
operation (700) to move the head 3 to the data track
100N is not needed. The HDC 7 reads out the requested
data from the look-ahead data (701N) accumulated in
10 the buffer memory 8 and then transfers the data to the
host system 16.
Since the seek operation (700) and the stopping
of the disk access (DAm) are not needed, the CPU 10
continues the disk access (DAm), thereby continuing
15 the look-ahead operation in the data track 100M.
Subsequently, a command for the data track 100M
is generated by the host processing (RM). The
requested data is included in the look-ahead data
(701M) accumulated in the buffer memory 8 by the
20 look-ahead operation for the period T2. Therefore,
the seek operation (700) to move the head 3 to the
data track 100M is not needed. The HDC 7 reads out
the requested data from the look-ahead data (701M)
accumulated in the buffer memory 8 and then transfers
25 the data to the host system 16.
Since the seek operation (700) and the stopping

of the disk access (DAm) are unnecessary, the CPU 10



.25 the data to the host system 16. Since the seek operation (700) and the
stopping of the disk access (DAn) are unnecessary, the CPU 10 26

continues the disk access (DAM), thereby continuing the |ook-ahead
operation for the data track 100M (period T3). In a manner simlar to the
above, when a command 5 for the data track 100N is generated by the host
processing (RN), the CPU 10 stops the disk access to the data track 100M
(the | ook-ahead operation) and executes tde seek operation, thereby noving
the head 3 fromthe data track 100Mto the data track 100N 10 (period T3).
Then, the CPU 10 executes the disk access (DAn) to the data track 100N. As
menti oned above, coheintbe thskdibskesscdss t (hAm)dattherebyk c@0ONRVENIO0OM i s
executed in response to the host request (RN or RM, the disk access is
continued 15 to the kesknehead opexatinn ifon Hoe dadal twrek(L§MMor LT
designated by the host system 16. Therefore, when the tinme [imt (LTn or
LTm all ows sparéP?Fhﬁ fter the requested data is transferred to the host

system the | ook- aheaﬂ ) gr?%hénrég q$. Qﬁ](b Je w%gncgngggﬂggd
it 1%4 e

Consequent |y, althoug processing IS

slightly delayed gyt EiBQ ageattﬂ&k'mﬁ 1f gté?er@t%l& %QC%ﬁé nbgguest ed data

included in data to be sequentially accessed can be Secured before
processing (RN), the CPU 10 stops the disk access to

the data track 100M (the look-ahead operation) and
executes the seek operation, thereby moving the head 3
from the data track 100M to the data track 100N

10 (period T3). Then, the CPU 10 executes the disk
access (DAn) to the data track 100N.

As mentioned above, when the disk access to the
data track 100N or 100M is executed in fesponse to the
host request (RN or RM), the disk access is continued

15 to the maximum limit up until the time limit (LTn or
LTm) designated by the host system 16. Therefore,
when the time limit (LTn or LTm) allows spare time
after the requested data is transferred to the host
system, the look-ahead operation in the data track is

20 continued.

Consequently, although the time required for the
host processing is slightly delayed within the time
limit of the disk access, requested data included in
data to be sequentially accessed can be secured before

25 the look-ahead operation. Since the number of seek
operations and the number of disk accesses can be

reduced in the sequential and alternate access



-25 t.he | ook-ahead operation. Since the nunber of seek operations and the
nunber of di sk accesses can be reduced in the sequential and alternate
access 27 operation, the entire execution tine required for host
processing (RM and RN) can be reduced. Therefore, the performance of the
entire access operation can be increased. 5 In case of the method
according to the present enbodi nent, since the |ook-ahead operation is
continued to the maximnumlimt up until~-thé7tiTe linit, the host
processing is relatively del ayed. However, since the processing is
performed without 10 exceeding the time limt desjignated by the host
system a transf ®peratdopeqlibst eatbyet eeeqton iinanredyited §oar hasted. As

nmenti oned above, according to the first anﬂ% second enbqdi nent s, en

continuous data ®FOFesSiRG (RY aadally RIS Snd TRST&FREFel The

accessed, the Iook-ghead 0 ergt%gg is.secured and the nunber _of seek
a

operations is re®fEedT8 fcP t FREHET £ T Fie SRS 2 o ﬁggtgﬁransfer.

Thus, the entirei%%%%%§egperation can be inproved. 20 In other words, the
| ook- ahead operation can be surely executed during the access operation to

sequential lsy and al t ermatlse exeeHbenbbRoACEEESESing L@ resanti Ncr ease
in the anmount of | ook-ahead data can be realized, so that the possibility
of embodiment, since the look-ahead operation is
continued to the maximum limit up until the time
limit, the host processing is relatively delayed.
However, since the processing is performed without
10 exceeding the time limit designated by the host

system, a transfer rate requested by the host system

can be guaranteed.

As mentioned above, according to the first and
second embodiments, when continuous data such as AV
15 data is sequentially and alternately accessed, the
look-ahead operation is secured and the number of seek
operations is reduced to increase the performance of
the host transfer. Thus, the entire access operation

can be improved.

20 In other words, the look-ahead operation can be
surely executed during the access operation to
sequentially and alternately execute the accesses.
Therefore, an increase in the amount of look-ahead
data can be realized, so that the possibility of

25 transferring the look-ahead data as requested data to

the host system can be increased.



.25 transferring the | ook-ahead data as requested data to the host system
can be increased. 28 - WHAT IS CLAIMED |IS: 1. A nethod of access control
for a disk drive which includes a disk nmediumand a head for accessing
data fromdata tracks on the disk nedium the nethod 5 conprising:
accessi ng | ook-ahead data other than requested data when alternately and
sequentially accessing the requested data in the data tracks on the disk
medi um in association with novenent of-thz8 head; 10 accunul ating the
requested data and the | ook- ahead data in a buffer nenory; and securing
access time to access | ook-ahead data in a data track having a high data
transfer rate on the basis of th&HNIf Iér €A&EMEBt BBen t he data transfer 15
rates of the data tracks for a predeterm ned period. 2. A .nethod according
to claim1, wherein the adcBSEhednefliacerssrerira!l £9%ed 6dsXc8E-¥8pondi ng

to tinme required to access the requested B data jn data track having a | ow
data transfer raf"’é‘.lcgo%?i}&dﬁ%tﬂo 1S Y a[rB:{ & gieﬁ%l,%of:u?fzﬁgf‘smg

compri sing the step of b gosteLri og. ragusal o JatadfiLam the Ruthss menory

to a host systenﬁﬁh e requeste corresponding to an access
request generat ed i @stifg; 25 host systemis accunulated in the buffer

menory.
accessing look—-ahead data other than requested
data when alternately and sequentially accessing the
requested data in the data tracks on the disk medium
in association with movement of the head;
10 accumulating the requested data and the look-
ahead data in a buffer memory; and
securing access time to access look-ahead data in
a data track having a high déta transfer rate on the
basis of the difference between the data transfer
15 rates of the data tracks for a predetermined period.
2. A method according to claim 1, wherein
the access time is secured for a period
corresponding to time required to access the requested
data in a data track having a low data transfer rate.
20 3. A method according to claim 1, further
comprising the step of:
transferring requested data from the buffer
memory to a host system when the requested data
corresponding to an access request generated from the
25 host system is accumulated in the buffer memory.

4. A method according to claim 1, further

comprising:



.4. A nmethod according to claim1, further conprising: - 29 transferring
requested data fromthe buffer nenory to a host system when the requested
data is accurulated in the buffer nmenory upon accessing the requested
data in the data track having a high data 5 transfer rate in response to
an access request generated fromthe host system and accessing | ook-ahead
data in the data track for the predeterm ned period. 5. A nethod of access
control for a disk drive 10 which include® a-di sk nedium and a head for
access data fromdata tracks on the disk medium the nethod conprising:
accessi ng | ook-ahead data other than requested data when sequentially and
alternately accessi ngtthesfébrimguesqussttat alate thremd&ha bndfks on t he disk
medi um in association with novenent of the head; accunul ating the
request ed data amemphe Feok-haslestykam wheng thef feguasksdydabadisecuring
access time to access the | ook-ahead 20 data for a predeterm ned period in
addition to acce3§CURPHRted iR Heh¢ G dTory WPPHi ACSRSELREsE E i me

[, of oah daagtages Buch, IFLIRY RGO LA F Reshiutter
each 5 transfer rate in response to an access request
generated from the host system; and
accessing look-ahead data in the data track for
the predetermined period.
5. A method of access control for a disk drive
10 which includes a disk medium and a head for access
data from data tracks on the disk medium, the method
comprising:
accessing look-ahead data other than requested
data when sequentially and alternately accessing the
15 requested data in the data tracks on the disk medium
in association with movement of the head;
accumulating the requested data and the look-
ahead data in a buffer memory; and
securing access time to access the look-ahead
20 data for a predetermined period in addition to access
time for the requested data within an access time
limit of each data track.
6. A method according to claim 5, further
comprising the step of:
25 setting the time required for disk access to each

data track to the maximum limit within the data-track

access time limit restricted by a host system.



.data track to the maximumlimt within the data-track access tinme |imt
restricted by a host system - 30 - 7. A disk drive conprising: a disk
medi um whi ch has many concentric data tracks thereon; a head to record or
reproduce data to/fromeach 5 of the data tracks; a seek nmechanismto nove
t he head between the data tracks; and a controller to control so as to
access | ook- ahead data other than requested data for a 10 predeterm ned
period on the basis of the difference -het3ken data transfer rates of the
data tracks when sequentially and alternately accessing the requested
data in the data tracks. 8. A disk drive according to claim7, wherein 15
the controller secure3.acBedsskideive couesissingok- ahead data froma data
track having a high data transfer rate on the basis of the difference
between data transfep BaSEshefiunevhygh Randany gongedtskcdArya accor ding
to claim7, further 20 conprising; a buffer nmenory to tenporarily
accunul ate the Fé665§tﬁaeg§?%;and t he | ook-ahead data accessed in the

o sk rodtum uher o1 LURGEANLE OLL oLy 6ol Al B e el 0UESLh 25 data
5 of the data tracks;

a seek mechanism to move the head between the
data tracks; and

a controller to control so as to access look-
ahead data other than requested data for a

10 predetermined period on the basis of the difference
between data transfer rates of the data tracks when
sequentially and alternately accessing the requested
data in the data tracks.

8. A disk drive according to claim 7, wherein

15 the controller secures access time to access
look-ahead data from a data track having a high data
transfer rate on the basis of the difference between
data transfer rates of the data tracks.

9. A disk drive according to claim 7, further

20 comprising;

a buffer memory to temporarily accumulate the
requested data and the look-ahead data accessed in the
disk medium, wherein

the controller controls so that the requested

25 data is transferred from the buffer memory to a host
system and the requested data is transferred from the

look-ahead data to the host system.



.system and the requested data is transferred fromthe | ook-ahead data to
the host system 31 10. A disk drive according to claim7, wherein the
controller controls so as to access the | ook- ahead data for a
predeterm ned period in addition to access time for the requested data in
accordance wth 5 an access tine limt for each data track when
alternately and sequentially accessing the requested data in the data
tracks. 11. A disk drive according to ctai3 7,-wherein the controller
secures access tinme for the |ook- 10 ahead data to the maximumlimt in
addition to access tinme for the requested tine within an access tine limt
for each data track. 10. A disk drive according to claim 7, wherein

the controller controls so as to access the look-
ahead data for a predetermined period in addition to
access time for the requested data in accordance with
5 an access time limit for each data track when
alternately and sequentially accessing the requested
data in the data tracks.
11. A disk drive according to claim 7, wherein
the controller secures access time for the look-
10 ahead data to the maximum limit in addition to access
time for the requested time within an access time

limit for each data track.



