; e3e4X$h6Tf. . DI SK STORAGE APPARATUS CAPABLE OF CONCURRENT

* PROCESS| NG DATA STREAMS BACKGROUND OF THE | NVENTI ON 5 The preseaﬂ’wﬂwmﬂlﬂmm
relates to a di sk storage apparatus capable of concurrently pro
plurality of data streanms, and in particular, to a disk storage appa®empuns
suitably used if recording of a data stream and reproduction of a data

streamare 10 perforned concurrently as wel kL as a nethod of co L lin
data streans Hard disk drives (hereinafter referred to as " HDD%"’M[MWW&MMH"I
known as di sk storage apparatuses using a disk as a storage ne

storage 15 capacity of the HDDerfas ¢ecgi | ywbeer dfcr eased. *159159+

Correspondi ngly, nore and nore HDDs have been used for audi o-visual (AV)

applications trdiecpichad daimnrArrd helpmses slateoN@aaisigy and repr oduci ng
apparatuses conprising an HDD for AV applications, 20 what is called video

recorders, haverdrgess deyazoped TRERNSs of the video recorders have a function
of recording (witing) AV data to the HDD whil e reproducing (reading)

anot her AV data al ready recBrd&EEROVNDhOFHDEE TANFENTIEN r ecorder of this
kind, for 25 exanple, makes it possible to record AV data on a user

speci fieéd tel evi si cTherpgesenihincernependoel ageptadad adbakanbehege
television program In this case, the AV - 2 data recorded in the HDD
or reproduced 3RRANAEUS sCarmn| 9 seoRErErent HatRre¢RES1i’9t@nporal |y
continuous. Such AV data is thus called a data stream (AV stream). 5 The

recent video rREFfekSY f5AHeRSEIIURTL | B of N rRRBF RGP Ey dBPa®stream for

a user specifi . .
P éfgk storage apparatus suitably used if recording of

a data stream and reproduction of a data stream are

10 performed concurrently as well as a method of

controlling data streams

Hard disk drives (hereinafter referred to as
"HDDs") are well known as disk storage apparatuses
using a disk as a storage medium. The storage

15 capacity of the HDDs has recently been increased.
Correspondingly, more and more HDDs have been used for
audio-visual (AV) applications to record AV data.
Furthermore, data recording and reproducing
apparatuses comprising an HDD for AV applications,

20 what is called video recorders, have been developed.
Many of the video recorders have a function of
recording (writing) AV data to the HDD while
reproducing (reading) another AV data already recorded
in the HDD. The video recorder of this kind, for

25 example, makes it possible to record AV data on a user
specified television program while reproducing AV data

on another television program. In this case, the AV



teIeV|5|on programin an HDD whil e reproduci ng each part of the data stream
‘for this programan arbitrary time later than the correspondi ng recording.
10 Furthernore, video recorders conprising an HDD and a digital versatile

di sk (DVD) drive (DVD recorder) have recently been devel oped. The video
recorder of this kind nmakes it possible to record, in the HDD, a data
streamrecorded in the DVD while repraducj ng- 15 anot her data stream al r eady
recorded in the HDD. In this manner, a video recorder conprising an HDD for
AV applications enables the concurrent performance of recording of a data
stream and rep C a;data.s a Wt «1.8 201 qpossi ble to
S|nultaneously&§gg Ebeefﬁ%g %ﬁyng g??egge ?%¥§HceEDE#8$hgg Hg host

utilizing an HQann@ﬁlﬁvséaﬁlahﬁ%ioaﬁtée%ﬁégs19rtl’eﬁBBQQE‘E?S data streams by
sequentially issuing a plurality of wite or read commands to the HDD one

by one. In thigofasauowbi.| esdbhanw dkeaohsr eadsotadata spesihi edrbBymone
command i s being executed, wites or reads of data specified by subsequent

comands must AWt strewm) .3 Data streanms must be recorded and reproduced
inreal time. Thus, wite or read commands provided to the HDD by the host
are provbded with i ilher mecieon o deone elcomidess Bieot hewel iamiftanics itolme maxi num
tinme 5 available for a wite or read specified by the correspondi ng command
(that is, a peP#ii ssFprdingne) datansamesn( foirt & vseresdecodiedds) with
information on tinme limts are called commands with time limts. In the
prior art, w tReaRVEHBDORpPrPEGaloin @PdEBDlwhﬁéeoreeroduﬁlﬂsre@ﬂanple an
error occurs in the x% ution of a read conpand with a tine |i aretry

i s repeated wi PRER P% anQaFPWFFrePW Rts t@aSePTPELRR éétéFPPﬁé&rMhether

or not the tin&.r |%ed %R %ﬁ?te the co nd excee s the tine limt. It
is 15 assuned tH ﬁ Ehi S8 GRFLFEPPBGuEEi &fCOF énaéta streamfrom a

di sk andorecor gi,gnatyg, dal 1 5LEeam B LS Al gﬁ aeancuErently being

performe SUMEe hat e exec a read comuand

required to regr e%&%alh%eq_@a%ﬁter %@L@k( R | B idef %@nge% d%tr')on) s

continued by repeating a retry until the time [imt 1s excee In this

case, the execHbiv@nreteatWy bRehOdeRRd oAU I efet @1HREOE B rdlra o3t r eam
(that is, a wite operation) nust wait. Then, the tinme limt for the wite

operation is exbeededndSmagker ett pesuwible epekaboed,i Sncempl etoed. Likewi se,
if an error occurs in a wite operation specified by a wite command with a
time limt, B data stream recorded in the DVD while reproducing
15 another data stream already recorded in the HDD.
In this manner, a video recorder comprising an
HDD for AV applications enables the concurrent
performance of recording of a data stream and
reproduction of a data stream. However, it is
20 impossible to simultaneously make a plurality of
accesses to the HDD. Thus, a host utilizing an HDD
for AV applications records or reproduces data streams
by sequentially issuing a plurality of write or read
commands to the HDD one by one. 1In this case, while
25 a write or read of data specified by one command is
being executed, writes or reads of data specified by

subsequent commands must wailt.



- 4 aretry is also repeated within the time limt. If the retry is
repeated until the tine limt is exceeded, the wite operation is
suspended. At this tine, if a read command waiting to be executed is 5
present in the HDD, it can be executed. However, since the wite operation
has been suspended, wite data may not be secured. The status of the
concurrent recording or reproduction of dpta streans varies over tinme. 10
Jpn. Pat. Appln. KOKAI Publication No. 11-327807 describes a techni que of
changing a tineout time corresponding to the above tine limt, to a

relatively long tinmgatf oplk¥adsspBkL BHr?@EoEEegagﬁ?ggggggﬁu@E- in

concurrently processed. The conventional technique scribed in this
publ i cation caﬁeéfdﬂfﬁetheTﬁﬁ@ﬂUﬁBEMewbkhr@@aceoﬁméﬁanBEOWﬁage pperation

is not conpleted even after the tinmeout tine has passed. As descri bed
above, wth a gpavepbippath&DRLERr a AY ﬁ@@bh@@&iamﬁh LhfePmgERBR BRCUrS N
the execution 20 of a read conmand with a tine |limt, a retry nay be
repeated untilttihe pLimetsinm Thésteneetdrdt Howeder makimtRythfeknown bef ore
a read command is executed that a read operation specified by the read
command Tannotabeitahpeéefed aiwhihet be reas8 bpatifiEdrbgxahple, this 25 is
the case in which the tinme limt exceeds the sumof a seek tine required to
nmove a head toc@rrappendpogi coonapdar ghett iacky parmidssklandimeti.ne
required "1 1 -5 to transfer data of a size specified by a read comand
(a data transfe?P™@Ras. (Whike PR raadpepBrands) wibh ipfprmp§irpo@n before
a read command with a tjnme limt_|s executed that the conmmand requests a
read operati on-EMExEERY ﬁgaFﬁecﬁéiﬁé sprrpprEsWeEht hanpDbiTEkE -r ead
operation may be petfo d until the ti, limt is _exceeded. In. this case,
if any wite connanénfgggrBEbpaiﬁﬁta H&EE gp?bbﬁl??p@éﬁgiﬁﬁ o VB8 ecut ed,
Fhen thfot'nE %EHBEd P[ ?f“@b}engﬁéfgtansgggb%'§gcp¥sl ntQ%em['t? command
i s exceeded before the wite opératton’i s executed.” 'n"thi's srtuation,
wite data is gQ e a Lt hithe cpayent
t echni que desc?i%ggg?ﬁﬁtﬁg gﬁgéggpg%ﬁﬁéggigthr% g%hg %%Hg%én%I?@%EXber of
data streans aie PEPELEEQUWEORCHN ERBL kYmet NemEkM® KhMmthikt cAB@Ut ikine} is
changed to a relatively long time. Thus, this conventional technique can
reduce the frefijsedeyevmnihedhivibtheread AbtWEhketoperakyAres met conpl eted
even after the

execute the command exceeds the time limit. It is

15 assumed that in this situation, reproduction of a data
stream from a disk and recording of a data stream on
this disk are concurrently being performed. It is
further assumed that the execution of a read command
required to reproduce the data stream (that is, a read

20 operation) is continued by repeating a retry until
the time limit is exceeded. 1In this case, the
execution of a write command required to record a data
stream (that is, a write operation) must wait. Then,
the time limit for the write operation is exceeded

25 before the write operation is completed.

Likewise, if an error occurs in a write operation

specified by a write command with a time limit,



20 tinmeout time has passed. However, this is inpossible if a |arge nunber
of data streans are processed concurrently. In this case, the tine limt
for this wite operation may al so be exceeded before the wite operation is
conpleted. Furthernore, wite data may 25 not be secured. BRI EF SUMVARY OF
THE | NVENTI ON According to an enbodi nent of the present Y - 6 invention,
there is provided a disk storage apparatug which can concurrently process a
plurality of data streans specified by a host, in which a head reads and
wites data fromand to a disk. The disk storage 5 apparatus conpri ses

et MRLS UG IR AL YU A TSI Sxecut | O

S.
means sequenti cut es, time series manner, wité conmands with

tine limts praw deg @_éﬁﬂiﬁ_i@sﬁeﬁé&éd‘ﬁfr{‘d{ﬁi L %_tirnaadmidit 0 be witten

and read 10 conmands wthtinme lirmts provided by the host and instructing

data streams tQ@RedRa tHhe datectdig Jmans detethsdhal, amerprs has

occurred in a wite operation specified by any of the wite commands. The
control ling neafiseGontf &l sddie cveiid Reimeans td kb dhmdaiectd ng nmeans
detects that an error has occurred in the wite operation specified by any
of the wSite comemeds ithathd $IDO,he tcadn did iexedmasts. calisesrdihe executing
means to continue the wite operation regardl ess of whether or not the tine
spent perform fgmEe tihe wiitte opmratiion dws [badre prsgsented,i neciitss wi t hin
the tine limt specified by the wite command. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs @2 teHREDRANING eTHe d@shpanyi ng dr awi ngs, which are
incorporated in and constitute a part of the specificatjion, illust 25 rate
embodi ments of the iTRRenttdHS &l tRRYSAIRFUIF I tFREQYEHR A O%escri pti on

gi ven above and the(gftailed escription of the enbodi nents given bel ow,
serve to ! GF 9 Opgicf‘?cﬁaplsé'sretﬁmﬁ RS R Y.t % 1 is a bl ock

di agram;ghowi NgptNe oo Annin. KOKAT Publication No. 11-327807

3.

describes a technique of changing a timeout time
corresponding to the above time limit, to a relatively
long time if only a small number of data streams are
concurrently processed. The conventional technique

15 described in this publication can reduce the frequency
with which a read or write operation is not completed
even after the timeout time has passed.

As described above, with a conventional HDD for

AV applications, if an error occurs in the execution

20 of a read command with a time limit, a retry may be
repeated until the time limit is exceeded. However,
it may be known before a read command is executed that
a read operation specified by the read command cannot
be completed within the time limit. For example, this

25 is the case in which the time limit exceeds the sum of
a seek time required to move a head to a target

position (target track) on a disk and a time required



,confjguration of a hard disk drive for AV applications according an

enbodi nent of the present invention; 5 FIG 2 is a diagram show ng the
format of a disk 111 in FIG 1; FIG 3 is a diagram showi ng an exanple of a
data structure in a seek tine table 123a in FIG 1; FIG 4 is a diagram
showi ng an exanple of a data 10 structure in a transfer rate table 123b in
FIG 1; FIG 5 is a flowhart show ng thegprocedure of a wite operation
according to the enbodinent; and FIG 6 is a flowhart show ng the
procedure of a read operation according to the enbodi nent. 15 DETAI LED

DESCRI PTI ON OF  THE-LNVENT! @ W bl nelkenenceda sike draw nasy desgription

Z .
w |l be given of an enbodinent in which thé present invention is applied to

a hard di sk drijyedbes AYaapgkircatim@ns. MhGs,lihsS tRehhesk diagr amyehow ng 20
the configuration of a hard disk drive (hereinafter referred to as an HDD)

10 for AV applii€atitons &keeahdbegotre thiracimeosinzed withe aHRERmEO ligiassumed
to be provided in a data recording and reproduci ng apparatus (hereinafter

referred to asia exdeat2d teeadr dee) cotdanzi ngduketidDR 1@ aas opedd®Rohor AV
applications. The HDD 10 is roughly conposed of a head di sk assenbly unit
(herei nabter rekeerddngoths basicgabiddthBA wifi tthel BDAnd thepmieatded circuit
board unit (hereinafter referred to as a PCB unit) 12.
operation may be performed until the time limit is
exceeded. In this case, if any write command for
recording a data stream is waiting to be executed,
then the time limit for a write operation specified by
10 the write command is exceeded before the write
operation is executed. 1In this situation, write data
is not secured.
On the other hand, with the conventional
technique described in the above publication, if only
15 a small number of data streams are processed
concurrently, the time limit (timeout time) is changed
to a relatively long time. Thus, this conventional
technique can reduce the frequency with which a read
or write operation is not completed even after the
20 timeout time has passed. However, this is impossible
if a large number of data streams are processed
concurrently. In this case, the time limit for this
write operation may also be exceeded before the write
operation is completed. Furthermore, write data may
25 not be secured.

BRIEF SUMMARY OF THE INVENTION

According to an embodiment of the present



,The HDA unit 11 includes a disk (magnetic disk) 111, a head (magnetic head)
112, a spindle notor 5 (hereinafter referred to as an SPM 113, an actuator
114, a voice coil notor (hereinafter referred to as a VCM 115, a notor
driver 116, and a head I1C 117. The disk 111 is a recording nmedi um havi ng
two di sk surfaces: an upper and | ower disk surfaces. At |east 10 one of the
two disk surfaces of the disk 111 constitgtes a recording surface on which
data is magnetically recorded. The head 112 is arranged in association with
one of the disk surfaces of the disk 111 which constitutes the recording
surface. 15 I n; l.nfO n i f ;iLlustration, the single head
112 i s shown. ig&g%g%?n{nﬁgéﬁgrg$,¥?ﬁ2§?§§ gigkggugkggggeonPﬁéangk

constitute reswﬁﬁéhV@aﬁeéeﬁéhfgeﬁeigaﬁﬁé eWist b ggégé%?kgaBQGQaE

association with the respective disk surfaces. r nor e, Eor t he

configuration sbrEhis épe&bﬁiéﬁib9oaphb§fPgihhﬁh§hﬂgéeh95§kréé& | §pgssuned.
However, a plurality of disks 111 may be stacked in the HDD. I&. B shows

the format of whetdbs#aldlrrém shewdoi 8 HL&k.2, TRephuERl 5t¥rafeservo areas
200 25 are arranged discretely at equal intervals in a circunferenti al
directi oh of tapparskugldompdisadi akbyutihng medha) deteeting mbahbe di sk
111. Servo - 9 data is prerecorded in each servo area 200. The servo
data contai ns podi cpohbPllibngrnaansn regei eedctbipgsmeans the head 112 at a
target position on the disk 111. In the recording surface of the disk 111,
5 the area betfR@ReRhb2hYY agBREUERPyvolAr eabiRrO0SEsiasetansesn, duatatarea. A

| ar ge nunber of concgntric tracks_(data tracks) 202 are arranged on the
recordi ng surfQCERARAE el sking 1l iphteneragidedrby bbe, hasplandl ity of

data sectors 20% [e provi eg in_each 10 track 202. A recording format
s BRTcBLRY 85

cal | ed CDR ( Coms Retbt 97HE) tPsPappriEleroaberapdk 111. The

di f el . 1 . ich th f i lied
oropant Sul |t e n Sk dg  LRHE) SPol hee G| PASThabE) SRR coti on of
the disk 111. h i F , th ier f
Tt Tt o, TRStREcEXARPASE S WUPlo TLR bE: £ p8R | "FREPRKERLENRE O L ded
into two zonesmggh@ndeZdctdhenzongs &-8pdhdd bavg diff epent  puphers of

data sectors
operation specified by any of the write commands.
The controlling means controls the executing means if
15 the detecting means detects that an error has occurred
in the write operation specified by any of the write
commands. That is, the controlling means causes the
executing means to continue the write operation
regardless of whether or not the time spent performing
20 the write operation until the present time is within
the time limit specified by the write command.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification, illust-
25 rate embodiments of the invention, and together with
the general description given above and the detailed

description of the embodiments given below, serve to



.20 203 per track (cylinder). The nunber of data sectors 203 per track
(cylinder) is set to be larger on the outer peripheral zone of the disk 11.
This setting is enployed in order to increase the formatting efficiency of
the disk 111 utilizing effectively 25 the outer peripheral areas of the
di sk, in which the tracks (cylinders) have a | arger physi cal
circunferential length. As is well knawn,7when data - 10 is read fromor
witten to the disk 111, data transfer rate is higher in the outer
peri pheral zone of the disk 111. Referring back to FIG 1, the head 112 is

used to 5 readedgla:hr et hesdbsk11dloedata igpLaduchion) and wiite data to
the disk 111 (data recording). e SPM 113 rotates the disk 111 at a high

speed. The head 112pig.atit aghadptieckhaibigRaaf shbeiagt gakor 114. The
actuator 114 has a VCM 115 acting as a driving source 10 for the actuator

114. The actuatenfiddérhsidni ¥€nabyarhedVeM ai5vb0f6?VAVtC'%Fpm§éﬁtléﬁsi n the
radial direction of the disk 111. The SPM 113 and the VCM 115 are driven by

respective drigtogrdingeahsefibodShbhtusfenhecapdegeNEMi attenenbh;suppl i ed by
the nmotor 15 driver 116. The notor driver 116 supplies the SPM 113 with an
anount o SPM curreffGspéciiki ed ddpgaa@PYhd@2ng mher dermad odt at eitstkke SPM
113 at a rated speed. The notor driver 116 al so supplies the VCM 115 with
an amount of V&M clprERE.spécified by the CPU 122, in 20 order to position
the head 112 at the_target position on the disk 111. The head 112 is
connected to a headFRE-(Redd anfiedirél shrving) aplpXarkd ehedd 8 datery

and a write anBFPPPEPTERAR 3558BR/GLE WAPLE 4478 DA 614 wite current. The
ngsﬁnkéwﬂizg?C|Ude%lﬁ.rﬁaqgwgl%gab%a r%%%@%%bt%nFQ%%%%ﬁ£ %%lh %a%gu 122, a
10 structure in a transfer rate table 123b in FIG. 1;
FIG. 5 is a flowchart showing the procedure of
a write operation according to the embodiment; and
FIG. 6 is a flowchart showing the procedure of
a read operation according to the embodiment.
15 DETAILED DESCRIPTION OF THE INVENTION
With reference to the drawings, description will
be given of an embodiment in which the present
invention is applied to a hard disk drive for AV
applications. FIG. 1 is a block diagram showing
20 the configuration of a hard disk drive (hereinafter
referred to as an HDD) 10 for AV applications
according to this embodiment. The HDD 10 is assumed
to be provided in a data recording and reproducing
apparatus (hereinafter referred to as a video
- 25 recorder) utilizing the HDD 10 as an HDD for AV
applications. The HDD 10 is roughly composed of

a head disk assembly unit (hereinafter referred to as



.- 11 a CPU-RAM 124, a disk controller (hereinafter referred to as an HDC)
125, a buffer RAM 126, a gate array 127, and a CPU bus 128. These el enents
121 to 128 are nounted on a printed circuit board (PCB; not shown). 5 The
CPU 122, the flash ROM 123, the CPU-RAM 124, the HDC 125, and the gate
array 127 are interconnected by the CPU bus 128. The read/wite I1C 121 is a
signal processing device. The read/wite 4 C 121 perforns various signal 10
processes including an anal og-to-digital conversion of a read signal,
encoding of wite data, and decoding of read data. The CPU 122 provides, in

ol T2 il st 1oLl o e SLIPRUS ! B LEDA0 oL her e

the 15 notor driver 116 and contro he "nol o nguired to

position the digkrdidaatebheckargely PgsLLi gn gi 111. The control
provi ded by the CPU 122 ?nclﬁdes reag?mw%tg gg%t?@ﬁt e? ornmed by the HDC

125 in accordance wrhb gppeadjer 1w ihe1gaerand 42Qf remgthhe 1Rost <29. The
host 20 is a main controller for a video recorder cén%b%éiﬁg ?%S 9DD 10.

The host 20 utiltlzes hbedHDRadRe8ScanekBP fop, AY ggg#ﬁ@étheﬂér The host 20
issues a string of wite or read commands to the 10 whi ch conmands

correspohd to feeveiinaft@5 pefeepeddtot aenanf samgat a3st kgagrspgebki ed by a
user, in order to performthe recording or reproduction. The specification
of the recordi hg4orarepioducoibnmofor {h&Peihhétdat acSereath ks tgansnitted
to the host 20 by input equi prment éngt shown) connected to the host by wire
or radi o, when®tHeMusttSoperaekart deivapul léquipdeat he@eInpd .equi pnent
is, for exanplﬁB a regnig'S,controller= The flash ROM 123 is a rewitable
nonvol atil e nendfy3tfst 1Ll ol 8s2 pFBEPEASNECBALLBR BrBRENEYOt diBk execut ed
by the CPU 1225u8§ne st orage_areas gf the flash ROM 123 are used to store a
seek tine tabl 8123530 ARd"BPET afBfetOVaFedt a6l 8U153685ThePbedRabENE t abl e

(that 1 o sodk 1 e hCub U RE RORDBICD1 Ofr BBRSAFB%padd bef ore reachi

(that is, a seek tine), using bef ore reaching

the target, ascénpeiffiBLE s £ §o£§g€§f$%¥fgég bRPLE14R5Ra1] BLe-stores

information on the data transter
magnetically recorded. The head 112 is arranged in

association with one of the disk surfaces of the disk
111 which constitutes the recording surface.

15 In FIG. 1, for the convenience of illustration,
the single head 112 is shown. However, in general,
the two disk surfaces of the disk constitute
respective recording surfaces, with heads arranged in
association with the respective disk surfaces.

20 Furthermore, for the configuration in FIG. 1, the HDD
comprising the single disk 111 is assumed. However,
a plurality of disks 111 may be stacked in the HDD.

FIG. 2 shows the format of the disk 111.

As shown in FIG. 2, a plurality of servo areas 200

25 are arranged discretely at equal intervals in
a circumferential direction of the disk 111 and

radially in a radial direction of the disk 111. Servo



each zone of the disk 111. the CPU-RAM 124 is used as a work area used by
"the CPU 122 and an area in which variables used by the CPU 122 are stored.
FIG 3 shows an exanple of a data structure in 20 the seek tine table 123a.
As shown in this figure, the table 123a stores information on a seek tine

Tsi for each predefined nunber of tracks Nti (i=1, 2, ... n). The seek tine
Tsi indicates the tinme required to nove tdye head 112 by an amount equal to
25 the nunber of tracks Nti, in the radial direction of the disk 111. That

is, the seek tine table 123a stores information indicative of the

correspondenceg,ra 13 phetvesnalhie; pugber of,bbagks,andot hepfgek tige. The

rel ati onshi p between the nu of trac and the seek tine varres

dependi ng on wagtherohbgiheag 312 sRYES ihewendriBg +0BRE oy eyt er periphery
of the disk 111. 5 Thus, information indicative of the correspondence

bet ween t he nuﬁbgitﬂbnttﬁékﬁeéﬂdllﬁeaﬁegkthkgBt”ﬁ&sb@i@hobﬁdthé the seek
time table 123a for each direction in which the head 112 is noved. FIG 4

shows an exanpdéskflaldat ansthactecerdingOstih€ateansf ener aigkt abhe 123b. As
shown in this figure, the table 123 stores, for each of the zones ZO and
Z1, infobmatiobhenadatabetaashetheatdsaTROtandr¥Rlansed 200r éadudatia from
the zone ZO or Z1 or wite data to the zone ZO or Z1. 15 The HDC 125 is
connect ed not 8fl § €ataharepy bhslazgebpumbesoofocpheentadtwkiraeksC 121

the buffer RAM 126, and the gate array 127. The gate array 127 generates
various signal $dpEguFraakes g@%tﬁé? phsappPedion Fhe HBCoIdsngs al so
connected to the host 2? EO Vi a ﬁ host interface 30. The HDC 125 and the
gate array 1275HFE2EEnPFofP&dduErngidont FBI thegratar 8T R0 4hown). The
control redistersifrgdey 9pedat 80025039500, 8N:2091888 sRAgsbor the

10 track 202,
A recording format called CDR (Constant Density

Recording) is applied to the disk 111. The recording
surface of the disk 111 to which the CDR format is
applied is manageably divided into a plurality of

15 zones in the radial direction of the disk 111. 1In the
example shown in FIG. 2, for the convenience of
illustration, the recording surface of the disk 111 is
manageably divided into two zones Z0 and Z1. The
zones Z0 and Z1 have different numbers of data sectors

20 203 per track (cylinder). The number of data sectors
203 per track (cylinder) is set to be larger on the
outer peripheral zone of the disk 11. This setting is
employed in order to increase the formatting
efficiency of the disk 111 utilizing effectively

25 the outer peripheral areas of the disk, in which
the tracks (cylinders) have a larger physical

circumferential length. As is well known, when data



122 perfornms reads fromand wites to these areas to 25 control the
“corresponding HDC 125 or the gate array 127. The HDC 125 recei ves conmands
(read/wite - 14 commands and the |ike) transferred by the host 20 and
controls the data transfer between the host 20 and the HDC 125. The HDC 125
al so controls the data transfer between the disk 111 and the HDC 125 and a
buffer 5 control function of controllingiphe_buffer RAM 126. The HDC 125
has a status register (SREG 125a. Wen the host 20 executes a wite
command, data (wite data) transferred by the host 20 to the HDC 125 is

temporarily Sterefel EbenbuLlpr: BAULIZE cieat@nite data stanedeln the

buffer RAM 126 1s fransferre to the read/wite 1in

accordance W thya-co8t Lohnalonal theogy,the ?é&@ aeray 284e dkerhead/ wite IC
121 encodes the wite dafa transferred by the aDC 125 and out puts the

encoded wite datka 19115 the head IC 117. The encoded wite data output to
the head IC 117 is converted by the head IC 117 into a wite signal. The
data converted i nt oReferwinigebaicgnab FIGW ilt,t ehebhellie 1n@ad sl2isigd tthe area
on the disk 11 specified by the wite command. 20 On the other hand, when a
read convand freadt HdethostoOthe dxsekutiéd, (Hthéaheagrodidcteads andata signa
recorded in the area on the disk 111 specified by the read command. The
head | C 117 anpkiiteedathetsi g§heal diskadldi ddalth resdriynghe h8ag EFM. The
read signal 25 anplified by the head |IC 117 is decoded by the read/wite IC
121. The HDC 12&3pre&essesthreddakaldéceded by gbhePeedd/ wibheehegd121, in

accordance with , ,
112 is attached to the tip of the actuator 114. The

actuator 114 has a VCM 115 acting as a driving source
10 for the actuator 114. The actuator 114 is driven by
the VCM 115 to move the head 112 in the radial
direction of the disk 111. The SPM 113 and the VCM
115 are driven by respective driving currents (an SPM
current and a VCM current) supplied by the motor
15 driver 116. The motor driver 116 supplies the SPM 113
with an amount of SPM current specified by a CPU 122,
in order to rotate the SPM 113 at a rated speed.
The motor driver 116 also supplies the VCM 115 with
an amount of VCM current specified by the CPU 122, in
20 order to position the head 112 at the target position
on the disk 111. The head 112 is connected to a head
IC (head amplifier circuit) 117. The head IC 117
includes a read amplifier that amplifies a read signal
read by the head 112 and a write amplifier that |
25 converts write data into a write current.
The PCB unit 12 includes a read/write IC

(read/write channel) 121, a CPU 122, a flash ROM 123,



.- 15 a control signal fromthe gate array 127, to generate data (read
data) to be transferred to the host 20. The data is stored in the buffer
RAM 126 and transferred by the HDC 125 to the host 20. 5 Now, a sequenti al
description will be given of operations perfornmed by the HDD 10 in FIG 1,
separate descriptions will be given of a wite operation in accordance with
a wite command and a read operation Ln agcordance with a read command. |t
is assuned that 10 the video recorder is set for both nodes, a first and
second nodes. In the first node, a data streamfor a user specified

tel evision progrfﬁ%}%@ﬁeiﬂéft§rdi§ieééﬁgr691§§ ?héiéfﬁaﬁ?%gd§%E8§9§gis

recorded in the n the second node, a user Speci ata stream

al ready recorded iy LhephPP 19s(herghpatierayei 86! ed LQra8saaragcend, data
strean) is reproduced fromthe HDD 10. In this state, the host™ 20

sequentially issdes opstpi801R8. W Theseo8BRERtW th1ttee1bsnhts required 20
to record the first data stream to the HDD 10. Concurrently, the host 20
sequenti al |y imsuesed shrangrbfitecdadicontrandsawdt hPCBRprenbtnshewnequired to
reproduce the second data stream the HDC 125 in the HDD 10 receives the
commands5i ssue@hbyCPHelhdst tR26. £25sThROMohABNdEheeCBUVRAMbY 28 hethBC 125 are
queued by the HDC 125 in the order of the reception in a queue buffer
provided in thBDBulZEr RAW 1R6.9The &PLRY2227 arg6infeggensscand byecutes

t he conmands in the queue buffer, one by one in the order of reception.
First, with reFBeeREE P8BSt hé8fl owchart in FIG 5, description will be given
of a wite operation 5 gerforned in the HDD 10. It is assunmed that the CPU

122 in the HDD 10 sthPt £e8LéWLiFRglS weilt & ScamidARaki PROSSERHRY i it
provi ded by the host 20 ho t he yDD.%O La ége host _interface 30. Inlthis
case. on the baSVSCHr aRiScEERE/¥TAFE AHalelsPEFRGFRAI VadAPESsy 195°

ified by t ' . 1h tat m it
SPart tihck (1 BEglbbEEsC ERg1nknEn ThadtE TELANELEAY £8a0EFSIBNI HE 1 ©
sector) on theadiskalbigndhe CREoGZRSBESyLheedabenni dad aeeensnyt gt rack

and access start sector in 15 the cofresponding confrol reégisters o he
HDC 125 (stepsr&idandtd?) -

The CPU 122 provides, in a time division manner,

control of the elements in the HDD 10 other than the

15 motor driver 116 and control of the motor driver 116
required to position the disk 111 at the target
position on the disk 111. The control provided by the
CPU 122 includes read/write control performed by the
HDC 125 in accordance with a read or write command

20 from the host 20. The host 20 is a main controller
for a video recorder comprising the HDD 10. The host
20 utilizes the.HDD 10 as an HDD for AV applications.
The host 20 issues a string of write or read commands
to the HDD 10 which commands correspond to recording

25 or reproduction of a data stream specified by a user,
in order to perform the recording or reproduction.

The specification of the recording or reproduction of



. Then, the CPU 122 provi des seek control that noves the head 112 (which is
"attacked to the tip of the actuator 114) fromthe present position to 20
the access start track (step S3). In the seek control, the notor driver 116
is controlled in order to drive the VCM 115. The seek control is provided
by the CPU 122 on the basis of positional information contained in servo
data every tine the head 112 25 reads_thﬁzseLvo data fromthe servo area
200 on the disk 111. On detecting that the head 112 has reached the access
start track on the basis of the - 17 positional information read from

has boen conpl B Ed "R FAFSIRalt, CFRRCERbET Ratbec PRE eBTErBRE e form
a write operatbgni bRAHL eotosRoRRAUBBhLELEXAMER! BnbhRodal Byl fanafgLred by

the host 20 to € appropriate sec S, sector by sector s ing wth the

previously setrggegsSwhkal thgeGkak bPelBeeBr EULOYRLULSELuALMERE St art track
(step S4). This wite operation is performed on an area corresponding 10 to

a data size (threnufapat efuspmbats)sspesicl erdmBYet he wWelhbeeconmand, the
area starting with the access start sector. If the HDC 125 does not detect
any errobs in tbhetwoilfieroperation (data wite) in accordance with the 15
wite command (step S5), the CPU 122 conpl etes execution of this wite
command (step S6). [hetfilasbafOM ilR3any waireiwrd teatbeandavarletiidet he queue
buffer, the CPU 122 takes the nobst previously queued command at that point
out of the queuempuif éhainatexesupssgrans2dcantrhilspriogeamshe toPbel22 set s,
in the status register. 125a in the HDC 125, a status indicating that the
execution of tRECEREEEdPHgtEENREHA1EER t BPBec 856 agRe akLRBeOdofieNd) has

been conpleted_coryrect|ly. The contents of the status register 125a _can be
read from 25 tﬁiaﬁbsﬁoyolggaafﬁeuﬁﬁ t%PnFQPFSCé §6kaLeBrdLRELE, 1ERE host

gs fggdiﬁgogRgégghggﬁggigkkrigaEget%ﬁﬁ%“HE%B.OfThges%%in%g%ei%a%q% HDD 10
123a pre-stores the time required to move the head 112
to a target track (that is, a seek time), using the
number of tracks to pass before reaching the target,
as a parameter. The transfer rate table 123b

15 pre-stores information on the data transfer rate for
each zone of the disk 111. the CPU-RAM 124 is used as
a work area used by the CPU 122 and an area in which
variables used by the CPU 122 are stored.
FIG. 3 shows an example of a data structure in
20 the seek time table 123a. As shown in this figure,
the table 123a stores information on a seek time
Tsi for each predefined number of tracks Nti (i=1,
2, ... n). The seek time Tsi indicateé the time
required to move the head 112 by an amount equal to
25 the number of tracks Nti, in the radial direction of
the disk 111. That is, the seek time table 123a

stores information indicative of the correspondence



.of the status register 125a in the HDC 125. On the other hand, if the HDC
125 detects an error in the data wite in accordance wwth the wite command
(step S5), the CPU 122 proceeds to step S7. 5 At step S7, the CPU 122

det erm nes whether or not the tinme T spent executing the wite command
until the present tinme is withinatinme limt Ttl. Here, the tine limt Ttl
is indicated by the time limt informatigm provided to the wite comand.

If the 10 execution tinme T for the wite command does not exceed the tine
limt Ttl (step S7), the CPU 122 returns to step S1 to retry this conmmand.
In contrast; i X t] i T h ' xceeds the tine
e T the SR T8 e obaRaet Brsreatks ol K FESREE nEhe BhY 125

determ nes whetBent9bnBalp! BBEAMUA! kAR AlnBedabd Thoeal LidPeHO0 ekl or Med
concurrently with recording of a data stream Even iIf the execution'tinme T

for the wite comeandreseeadpehBenti BR WhaitheFt kheSheRaSTlp kbveg 20 data
streans are being reproduced (step S8), the CPU 122 determ nes that the
write operatiohowpedi thedihyetrherwsitercparapteeqn ofe teentiigred11l.n this
case, the CPU 122 returns to step S1 to retry the wite conmand. On the

ot her hahd, ifThng,danhfostetanmi $ndécagie béEpthducedresbepdsSdre t he CPU
122 determ nes whet her or not any read commands are in the queue buffer
(step 59). EvehetWegnpibeessmper pépkodakisngnd Gtaeaseek t9mesmagainei s bei ng
performed (step, S8), if no read commands are in the queue buffer (step S9),
the CPU 122 dePEPhPHRedlt KhE EREkwWELNE Spbhat ilédasferi faeh By relsivwmi te
comand can be.conhhgﬁegh lB this_case, the 5 CPU 122 returns to step S1 to
retry the wit&"cH dthenfigad; Algndsple¥ert enmbodi ment, even if no wite
command can be conp %ed4mjéhin the tine_ limt Tt], if no data streans are
bei ng reproduced, this wi CEESMIENEXREPLE Pifed dEtReRtLECTHFEN I no write
10 co d can d.wi.t hi e, ti lL,mt.Tt] and,any data stream
is berggareprogﬁgeg?gﬁk%%g f§§§ %gﬁ%gnéghgﬁe %ﬁi Pﬁgntﬁnbg%ééecuted, this
wite command E$g(iekli efle EBb&BeéQBhEEo?ggq1fb&.%Q%Rd%%atﬁ%r%% .gsz%elng 15

reproduced (step S8) and any read comrands are in the queue bufter (step

S9), the CPU 12Bddeber mhAgsmhhabnt B Whkhercapurad capaat TRY Lol igd. In
this case, the CPU 122 acts on the host 20 as in the case where the wite

command t hat fabkddtborbedcaaphefedm20nwi tbhe heoki MB birmytk-i Tl dhas been
conpleted correctly (step S10). Specifically, the CPU 122 sets a dummy
status in the sbathe regesZéroi23a.in the HDC 125, the dummy status
indicating a wite command that failed to be conpleted within the tine
limit TP has 25 be@hecHRFl 28d isocraselcfedThios opdryatbicorthef GHie BTRU 122 is
equi valent to forcin% the CPU 122 to recognize (notifying the CPU 122) t hat
t he execution of8tRBL also to the read/write IC 121, the buffer RAM
126, and the gate array 127. The gate array 127
generates various signals required to control the
HDD 10. The HDC 125 is also connected to the host 20
20 via a host interface 30. The HDC 125 and the gate
array 127 are controlled using control registers (not
shown) . The control registers are assigned to some
areas of an address space for the CPU 122. The CPU
122 performs reads from and writes to these areas to
25 control the corresponding HDC 125 or the gate
array 127.

The HDC 125 receives commands (read/write



.- 20 wite command has been conpleted correctly. Then, the CPU 122 takes

t he nost previously queued read command out of the queue buffer. Then,

i nstead of executing the dequeued read command, the 5 CPU 122 allows the
HDC 125 to transfer a size of predefined dummy data specified by this
command to the host 20 (step 511). This forces the execution of the
dequeued command to be conpleted. This is4squ valent to executing the
dequeued read conmand in a short 10 tine. The CPU 122 then returns to step
51 to retry the wite command, which failed to be conpleted within the tine

limt Ttl. Thu%ommgnbgeagbe%%%tlq@ggd%@%ggféfg %f%§r P%U| Al Stat g EP whi ch

a retry exceeding the time limt Ttl 15 results e “execdti 6K %f a

wite command Wohltralls Wad idaith tihe sHap %Qt%fe% %bt 'i&%sfﬁoszto %Qmﬁ‘sche” the
S

~case where the execution of this wite command has been conpl et

correctly. ThatbDcs12the HBR Hocf anmalallycempliteias the %é%%”%&%&s@%xthe
wite coomand. 20 On the other hand, in the HDD 10, the wite operation
speci fied by t beswaent ¢heoritesid Lild emﬂtth@owﬁcy1@£e%ﬂbe@ blif¥er the HDC 10
can secure wite data to ensure the quality of recorded data even if the
above paPti cul genétratle foockion lof E@@tppéiem@ doinleo diufefetr, R2BM W2en t he above
particul ar state occurs, even if process for reproducing a streamis

bei ng perf or ned &n&DgnQZﬁeéésc@nﬁﬁﬁ&Uﬁsrﬁ@lﬁﬁﬁg t(GRES)ed@dat.ed, - 21 the
execution of the wi connand IS ven priority. In this case, read data
i s not secured, thugv Stth@%qt%leict‘ﬁte(ﬁ arémldmj@émnt&émb dadweever, the

degradati on of ,the |t roduced data is t enporary. Furthernnre
i nst ead of exeéﬁFﬁﬁ% %ﬁ$a¥e§§ k&4 PﬁétPBth@ % Réndretdicd ey 1ddta to

t he host 20. I h t te th d d
caﬁ bgsused tgquﬁtlﬁ§%aé%é U?I In%hé%wﬁthgggﬁﬁﬁhggﬁ&ﬁlé ﬁihﬁ%ﬁzggnggCerse
10 effegbs resyhlicRgHramsihe ariar 'E?lé g%l\fef%et QG Il;[ﬂel %%615. &r\F

with reference to the flowhart in scription
read operationpy the HDC 125 to the read/write IC 121 in accordance

of a

with a control signal from the gate array 127. The
read/write IC 121 encodes the write data transferred
by the HDC 125 and outputs the encoded write data to

15 the head IC 117. The encoded write data output to
the head IC 117 is converted by the head IC 117 into
a write signal. The data converted into the write
signal is written by the head 12 in the area on the
disk 11 specified by the write command.

20 On the other hand, when a read command from the
host 20 is executed, the head 112 reads a data signal
recorded in the area on the disk 111 specified by the
read command. The head IC 117 amplifies the signal
(read signal) read by the head 112. The read signal

25 amplified by the head IC 117 is decoded by the
read/write IC 121. The HDC 125 processes the data

decoded by the read/write IC 121, in accordance with



.performed in the HDD 10. It is assunmed that 15 the CPU 122 in the HDD 10
starts executing a read command with a tine limt provided by the host 20.
In this case, on the basis of an access start address specified by the read
command, the CPU 122 determ nes an access (read) start track and an access
(read) 20 start sector on the disk 111. The CPU 122 sets the determ ned
access start track and access start sectgg in the corresponding control

regi sters of the HDC 125 (steps S21 and S22). Then, the CPU 122 cal cul ates
a predicted seek 25 time Tp and the predicted anount of transfer data Ap

(step S23). Thg @wgwiegl@ﬁ@k %wﬁ tTHeVEQE@5§PE§yt heti pg I{;@Hekseg for an

operation of noving the head 11 to the presenf posffion to the

access start taaek (f@éaeaataﬁCKé Eéh@iah§fe§r§§eEooﬁﬁéaﬁbgﬂ)209“ the ot her
hand, the predicted anmount of transfer data Ap represents the anmount of

data (data sizelethatacas Beobedessl, thetbunfartRmE (3%l a4@), froman area
starting with the access start sector on the access start track. The tine
(Tt1-Tp) is obtmameflebyedubyr ahéi ADCt heSptedihetedoseekotine Tp fromthe
time limt Ttl. On the basis of the nunmber of tracks (nunber of 10
cylinders) Nt and tNewseeksenmentabledeg8aipthenpwedilcbedgseek bifnme Tp is
calcul ated as follows. Here, the nunber of tracks Nt corresponds to the
tracks from t hePohettors cBpbRarngdt bYt heepHBBehf posFIFenlapSeparhseaccess
start track. That is, 15 the nunber of tracks Nt corresponds to the
di st ance t hat @ﬁ%cﬁéBHngsnB%éH Harghaea QEeR UYpéfat PBATELAPE Alinber will
hereinafter be referred to gg gnber of seek tracks). First, the CPU
bFeWEk

122 searches tRPECSEIRNEREL 8 ForMehe AlAnEr F6fdt PREKATHPR Mhlﬁh is
20 [ 1 h { h | Nt . the CPU 122

The seek 1im Tapfecqbdatat bPLh g ¥RaCMhwnabll ("R, LiCaSkEners thafger
than buj ol oseghet gs4ibs yaLusabt. 1IMEDe PO GEUh12bakeq LILacmbyon ou

of the seek tine ta
second modes. In the first mode, a data stream for

a user specified television program (hereinafter
referred to as a first data stream) is recorded in the
HDD 10. 1In the second mode, a user specified data

15 stream already recorded in the HDD 10 (hereinafter
referred to as a second data stream) is reproduced
from the HDD 10.

In this state, the host 20 sequentially issues

a string of write commands with time limits required

20 to record the first data stream, to the HDD 10.
Concurrently, the host 20 sequentially issues a string
of read commands with time limits required to
reproduce the second data stream. the HDC 125 in the
HDD 10 receives the commands issued by the host 20.

25 The commands received by the HDC 125 are queued by the
HDC 125 in the order of the reception in a queue

buffer provided in the buffer RAM 126. The CPU 122



25 information relating to the nunbers of tracks Nti and Nti+1 and

associ ated seek times Tsi and Tsi+1. The CPU 122 cal cul ates the seek tine
Ts corresponding to - 23 the nunber of seek tracks Nt by an

i nterpolating process using the seek tinme Tsi and Tsi+1. The CPU 122
determ nes the cal cul ated seek tinme Ts to be the predicted seek tinme Tp. If
information indicative of 5 the nunber of 4 racks corresponding to the val ue
Nt is stored in the seek tinme table 123a, the seek tinme Ts associated with
the value Nt is used as the predicted seek tine Tp. On the basis of the

zone Zi to whi C S .t a gs..ang t ransfer rate
tabl e 123b, thgggyggfgtggaaﬁ%%ﬁﬁkg F%%nggggggggaiﬁpQgg ggF%&lated as

foll ows. FirstputeherCPUnt22yr @ads 1hnther Beleen oen R daka by ansfer rate TR
inherent in the zone Zi, fromthe transfer rate table 123b. The val ue TR

i ndicates 15 a dat a rtiransf i thatre fesescshen anead dwemed anmed @n §,he zone
Zi, on the basis of the anobunt of data (for exanple, the nunber of sectors)

that can be trdesteipedopewilni bet gi®enThe GPWriR2 wwiraplibas the val ue TRi
by the tinme (Ttl-Tp) to cal culate 20 the anpbunt of data that can be
transfer bed w peirdforhed( inl the) HDA&s 10he f[redisc heduamaunhadf thealsier data
Ap (=TRi (Ttl-Tp)). In this connection, if the COR fornmat is not applied to
the disk 111, tREé dat &her HRSf 40 sieatiss eklecusdmy fowrdltle tdoertamacks on the
25 disk 111. In this case, the sane data transfer rate TR may al ways be
appl i ed. Once WAéhcputipe ddmdil Rreyidkd predhet d@sse@ to the4HDOD ne Tp
and the predicﬁ@d ann%%% gf transfer data Ap &ste S23), it proceeds to
step S24. At stdpVd340En8oepULTESTEECEr Rilhes Thné CGEenol K& r edi ct ed

seek time Tp '%a@&%hb% %%eakhg%slEgggtT%hdfe%%I% %%q&%& %%%ress)

10 specified by the write command, the CPU 122 determines
an access (write) start track (target track) and
an access (write) start sector (target sector) on
the disk 111. The CPU 122 sets the determined
access start track and access start sector in

15 the corresponding control registers of the HDC 125
(steps S1 and S2).

Then, the CPU 122 provides seek control that
moves the head 112 (which is attacked to fhe tip of
the actuator 114) from the present position to

20 the access start track (step S3). In the seek
control, the motor driver 116 is controlled in order
to drive the VCM 115. The seek control is provided by
the CPU 122 on the basis of positional information
contained in servo data every time the head 112

25 reads the servo data from the servo area 200 on
the disk 111. On detecting that the head 112 has

reached the access start track on the basis of the



.S time limt information provided to the read command. That is, the CPU 122
determ nes (predicts) whether or not it is possible to conplete, within the
time limt Ttl, a seek operation of noving the head 112 fromthe present
position to the access start track. 10 If it is predictable that the seek
operation can be conpleted within the time limt Ttl (step S24), the CPU
122 proceeds to step S25. At step S25, theg CRU 122 determ nes whet her or
not the predicted amount of transfer data Ap is smaller than the anount of
15 transfer data (the requested anount of transfer data) Ar specified by
the read comm Qs X . (G 1 et.er,m nes di cts)
whet her or notggﬁggégggﬁtﬁg#ggnggggafgggi%ggmfggﬁeéégg'géthg Feggbﬁonnand
can be transfe d qWi-t i e t l~IR) |f t re unt of
data can be trgﬁgfgéﬁggh%P%Eiﬁhfﬁgt?%nge $tFp%pr?ltﬁgggﬁug%%%gggﬁegﬁines
that conditiongakobeexeeuhipn@tiele read taarmend have beer %%tzaglah%fé%d- I'n
this case, to performthe read operation specified by the read conmand, the
CPU 122 25 provhdesDseak 5cent polr fiolal amaires et b chatd ohl2 dgiameihe pr esent
position to the access start track (step S26). Once the head 112 reaches
the acce§s stasequeatiially wri%e the GRHal22adetfertededit hdle hioetseek
control (seek operation) has been conpleted. In this case, the CPU 122
causes t he HDCte2%5heoapproprhader sad toper, atsiearofrobys egudntd altlay trieadi ng
data, sector by sector, from5 an area corresponding to a data size (the
number of sect¥i§P §pecPrieddomyp lihseteagcesmmeidrtstsests27)in the area
starts with the access start sector on the access start track set in steps
S21 and S22, dRSEVIBEGlYbSRE. afGese sheriiDtresk dstem $4dn efbés in the

data read in accordance m%}h t he read command %§tep S28), the CPU 122
returns to stePf $3F PESFEIYT His PESHTEAES PR @dSenGorFesPOndingt t he

read co nd, Lt LS term_ne ai_n ether or not .the retry of this 15
cormandlirggn belticé:)orarlp g::il"e—’ldSvr%l!ztehid(rﬁ‘t%hél e i mstecﬁqrs()srsg&cg‘éﬁegr 25) . On

the other handpif 9 +@rr r e [ ead in _accordance
with the read corrrrgng, tﬁ%%&lagl,de’a%%tet %%ggatsga%%ﬁpg’?ﬁ%r%ﬁ %g’et §EE dat a si ze
20 specified bythhe weadogomand has been read correctly (step S28), the

CPU 122 ends execution of this command (step S29). In this case, if any

wai ti ng commands ar g fi rHehenguaws Ridemnott e teRY teakRsr 4 hig, rasd
previ ously queued command at that point out of the 25 queue buffer and

executes it. Awrtiliesopiemetivhe (GBHalZ2Zitels in Bdde dehnieUsitegitsteer 125a in
the HDC | 25, a status indicating that the execution of the
15 write command (step S5), the CPU 122 completes
execution of this write command (step S6). 1In this
case, if anhy waiting commands are in the queue buffer,
the CPU 122 takes the most previously queued command
at that point out of the queue buffer and executes it.
20 At this time, the CPU 122 sets, in the status register
125a in the HDC 125, a status indicating that the
execution of the preceding command (in this case, the
write command) has been completed correctly. The
contents of the status register 125a can be read from
25 the host 20 via the host interface 30. Accordingly,

the host 20 can recognize the result of the execution

of the command in the HDD 10 by reading the contents



.- 26 preceding command (in this case, the read command) has been conpleted
correctly. The host 20 can refer to the status set in the status register
125a. The host 20 can refer to this status to recognize that the 5
execution of the correspondi ng command has been conpl eted correctly. On the
other hand, if it is predicted that the seek operation cannot be conpleted
wthin the tine limt Ttl (step S24), _thegCPU 122 determi nes that the 10
conditions for executing the read conmand are not established. In this
case, instead of executing the read conmand, the CPU 122 allows the HDC 125
to transfer a skz f fl ta.s i §;ied this command to
the host 20 (s§£p€%§0§?5$ﬁ?skgggggggggzsﬁeggxgggt?gﬁ %?gfhe read command to

be conpleted. This bg eddi ¥2hedt hhedeXe¢UthR0xpkn195SARLL kM, the read
command for which it is known that a seek operation cannot ge conpl et ed

within the tinmerkof in fhel BhSal WPBtel inaB¥cWelhhPE (OFHBRHE @Letin the
queue 20 buffer, the CPU 122 takes the nost previously queued conmand at
that point outcofmahé (seep bbffethandrexeent gsotbedthen, sakpheugh the CPU
122 has not executed the preceding read command, it sets, in the status
regi ster5125a Ah shepHBT, 12he a@PHubRy dbtatumirbsi pHecakirngrt hat the
execution of this command has been conpleted correctly. If it is predicted
that the anountiné Basment-eg@cutéggeshedwbyttheommaddcanhuidthannot be
transferred (read) within the time (Ttl-Tp) gstep S25), the CPU 122 al so
det erm nes t haPreRenEohdTe| dRsWibhibxactitmAglinétr 844 .colrund &be not

est abl i shed. so in,this 5 case, the CPU 122 Rerforns step S30 to all ow
the HDC 125 to %WﬁnEF@F duktyldatBit62tRe R¥stheotimgudimi the present

enbodi nent, it.| redicted bef qrehand ether a read command with a tine
Tt can be cibeaPBaeHRnr REOTRER S0 TR ERP“EREer FRERARACT 18 FRE. Thic

Dbt ey f e lREErkBshaRkELE 35 0RRL HO8sBoE nalE: 4828, Rofe ckeRatommand
t he requested nt, . Of s Lk an r he i h e requests
g read gperatiEﬁggggégd?ﬁ%5§5§%ﬁe(ggéﬁlsggfI?F? gFEtE§5H%%t§85g?%§ HD% 10
transfers dumytdptgiteot Bechostn2 EBshgad.of rexeeytiraget Niis ¢aaMand.

Thus, even though a read command is known to request a read operation
exceedi ng the gkeeutiont tThk, Tt HerptasentiesbediniaAl egBeauai dnexecuting

this read 20 command needl essly. Furthernore, in the present enbodi nent,
owi ng to the atbindahtmibf Tslghthenerdl 888 ppecatidentoi ktepnsdr.rently with
recording of a data stream the sanme or another data streamis reproduced,
a mwipelgonnanﬂtfétepeﬁavdthg €RE daRadsteemimeanwhetBBrgovrenoé&xecuti on
priority. reproduction of a data stream is being performed
concurrently with recording of a data stream.
Even if the execution time T for the write
command exceeds the time limit Ttl (step S$7), if no
20 data streams are being reproduced (step S8), the CPU
122 determines that the write operation specified by
the write command can be continued. 1In this case, the
CPU 122 returns to step S1 to retry the write command.
On the other hand, if any data stream is being
25 reproduced (step S8), the CPU 122 determines whether

or not any read commands are in the queue buffer

(step S9). Even if a process for reproducing a data



In the above enbodinment, the HDD is utilized in the video recorder for AV
applications. However, the - 28 HDD can be utilized to record and
reproduce data streans in a personal conputer. Furthernore, in the
description of the above enbodi ment, the present invention is applied to
the HDD (Hard Disk Drive). 5 However, the present invention is applicable
to di sk storage apparatuses other than t HDD, such as an optical disk
drive and a nagneto-optical disk drive provided that they are capabl e of
reading and witing. Additional advantages and nodifications will 10

dil L | D the rt..The ore. the invention inits

L?gahe¥ gggggtégfégﬁz Ilhl gdpF Pﬁme§ ZEF?PcéggtaFFs N8nGe ?épresentative

nbodi t h d e e i io fications
oy be made wi ChonaRgs a2l theEnlcbERe é‘ﬁﬁg.@?i Robke 48 KRl RE et b

inventive concepp éété@ﬁhﬂ@g Enath%h@pwemeedoﬁbéhe§oﬁn 5 EkieGQByva'ents
- 29 WHAT IS CLAI MED | di sk storage apparatus can

concurrently ptﬁ@eﬁﬁlﬁepbbmﬁhhHYCQB gat achti8aAE. SpQﬁlEh§Q BYs@, hesk, in
which a head reads and wites 5 data fromand to a disk, the disk st orage

appar at us conpcpPyi bg2 ﬁEaOSnEOtoSequpnsﬂatbyr@t@?uthégwrhBeaééﬁﬁﬁﬁﬂQe with
atinme series, wite commands with tinme limts provided by the host and

instructing a @hta,stneahet prébehe ambbtiéneand eead conmandgiveth tine
limts provided by the host and instructing a data streamto be read; neans
for detecting chamanfd emrnobehgompéetiedewithia whet éinpelamitonTspeciiffi ed by
any of the wﬁl%g data streams are being reproduced, this write
command is retried. Likewise, even if no write
10  command can be completed within the time limit Ttl and
any data stream is being reproduced, if no read
commands are waiting to be executed, this write
command is retried.
On the other hand, if any data stream is being
15 reproduced (step S8) and any read commands are in
the queue buffer (step S9), the CPU 122 determines
that the write command cannot be retried. 1In this
case, the CPU 122 acts on the host 20 as in the case
where the write command that failed to be completed
20 within the time limit Ttl has been completed correctly
(step 810). Specifically, the CPU 122 sets a dummy
status in the status register 125a in the HDC 125,
the dummy status indicating a write command that
failed to be completed within the time limit Ttl has
25 been completed correctly. This operation of the CPU

122 is equivalent to forcing the CPU 122 to recognize

(notifying the CPU 122) that the execution of the



. commands ~ and 15 neans for controlling the executing neans, the
controlling neans operating if the detecting neans detects that an error
has occurred in the wite operation specified by any of the wite conmands,
to cause the executing nmeans to continue the wite 20 operation regardl ess
of whether or not a time spent performng the wite operation until the
present tine is wthin the tine limt_spggified by the wite command . 2.
The di sk storage apparatus according to 25 claiml, further conprising:
means for determ ning whether the tinme spent performng the wite operation

specified by t&gﬁg@i#éﬁ%F%FBQ SQggggngo%ggggéd&ggﬁp%ﬁgfgt time, is wthin

the time limt speci y the wite c etecting neans

detects that an err?ﬁeﬂﬁstﬁécéﬁﬁegzbnt&ﬁés“ﬁhéemegﬁr?Eégﬂéuéﬂg 5 means for
transferring predefined dummy data to the host, the transferring nmeans

oper ati ng whenglidiged i FRa g PEMIMPEA T Q6T HF the dhbhe wReraki onThengdet er m ned
to exceed the tine limt and there is a read conmand waiting to be

executed, to timsiséed 4P ékecduiny tlae adéguéhedhvsidasompanddather equest ed
by the read command i nstead of executing the read command. 3. The di sk

st orage @ppar atRi$ BeZoatliogst thel Abth 225wher eransfiercensipe afans i ncl udes:
15 neans for determ ning whether a data streamis being reproduced when it

i s determ ned phadefhredi densgpedstpespechfhgdt hy whisecopeendi ba tReeeds
the time 1 im.t ; neans for determ ning whether there is a read 20 command
waiting to be bxetuid(sken $1lis dEhésnfargeshhheacdacutipreaim t8ebeing
repr oduced and _neans for activatinﬁﬁ;he transferringéneans when_ it is

det er ni ned tha@eﬂ%%?%digoﬁm?%ﬁthO ﬁB@RéFFFﬂg t &8 é§e€ﬁ?é8?19§t4. The
acting on the RBSTAaEaF 168 GReeSNBPECRNEear P EaRfiakd RacBoEn
10 time. The CPU 122 then returns to step S1 to retry
the write command, which failed to be completed within
the time limit Ttl.
Thus, in the present embodiment, in a particular
state in which a retry exceeding the time limit Ttl
15 results from the execution of a write command with
a time limit, the HDD 10 acts on the host 20 as in the
case where the execution of this write command has
been completed correctly. That is, the HDD 10
formally completes the execution of the write command.
20 On the other hand, in the HDD 10, the write operation
specified by this write command is continuously
executed. Thus, the HDC 10 can secure write data to
ensure the quality of recorded data even if the above
particular state occurs. In the present embodiment,
25 when the above particular state occurs, even if
a process for reproducing a stream is being performed

and any read command is waiting to be executed,



- 31 conpleted correctly, when the tinme spent performng the wite
" operation is determined to exceed the time limt. 5. The disk storage
apparatus according to 5 claim4, further conprising a status register
whi ch holds a status indicative of a result of execution of the command by
t he executing nmeans and which can be referred to by the host, and wherein
the acting neans sets, in the status Leg%§teL, a dummy status 10 indicating
t hat execution of the wite conmand has been conpleted correctly. 6. The
di sk storage apparatus according to claim1, further conprising nmeans for
predicting whe r Lon_of e Lth.th pe 15 limt is
conpl eted mﬁth%ﬁgtﬁgéﬁﬁﬁébﬁi%?tté%eggﬁﬁgdgggﬁgﬁg ?ﬂagl% ﬁné%ggrbgVOre t he

execution of the trad coupandeLy hph! od ngdsubgLenn Lhukh eggggﬁgging

means predicts that the execution o e read conmand I's no ed

within the tinmenbi ghhiitheo20reppbhakbingafraNsybRLEGes, cOARI etion of the
execution of the read command by the executing neans. 7. The di sk storage

appar at us accogdgpgdseichabm GheWgeaeinyi brt heppoadieli agtaeans predicts
that the execution of the read command Is not conpleted 25 within the tine
limt, the trabehporang. mednstheanste;sipsedelli o€dedyauyifgt ahto t he host
as read data requested by the read conmand i nstead of f - 32 executing

t he read commandad8cofmend} skhet BPRAgéOappanatfassadammgi dgttotol ai m 6,
wherein the predicting neans predicts whether execution of the read comuand
with the tine Ehai hops BOconfpasedushthyn the time keauiregetified by the
read command, on the basis of a position of an access start track on the

di sk speci fi ed®b§Hhe EFB&dredfngANrardpFasehe PesAt tencentinticehead, and the

amount of data to be.rea specified by the read command, and 10 the
execution of tﬁéeFEEHngoghﬁnnghélGB@@gﬁdseeEﬁbﬁeWéPFHﬁZSF REVERSSt he head

to the cess [ r d_an_operation_of reading an ,a nt of .data
specifigg by t gg?égé %ggﬁgganﬂr£ﬁ1phghaiEElSF%§¥ ?ﬁgeEeEQng§8r§Fﬁgﬁ has
been conpl et ed, }R.84 The disk storage apparatus according to claim S8,

wherein the prealc?lng means includes: neans for predicting a seek tine

required to mve thgoheagik HiFeAeneRs 3! Ahk AN IR Frek wheci fied

by the read command;
description will be given of a read operation

performed in the HDD 10. It is assumed that

15 the CPU 122 in the HDD 10 starts executing a read
command with a time limit provided by the host 20.
In this case, on the basis of an access start address
specified by the read command, the CPU 122 determines
an access (read) étart track and an access (read)

20 start sector on the disk 111. The CPU 122 sets the
determined access start track and.access start sector
in the corresponding control registers of the HDC 125
(steps S21 and S22).

Then, the CPU 122 calculates a predicted seek

25 time Tp and the predicted amount of transfer data Ap

(step S23). The predicted seek time Tp represents the

time required for an operation of moving the head 112



20 nmeans for predicting the anount of data which can be read froman area
starting with an access start sector on the access start track specified by
the read command, within a remaining tine obtained by subtracting the seek
time predicted by the neans for 25 predicting the seek time fromthe tine
limt specified by the read commands and nmeans for determ ning whether the
execution of - 33 the read command i Syconpleted within the time limt,
t he determ ning nmeans determ ning that the execution of the read command is
conpleted within the tine limt when the seek tinme predicted by the neans

00 o b oSl LD D BRBLTRASE IR TS IR dd D AN S e e

of data predicted by the nea r pre anoun ta exceeds

the amount of dakade? Be B30 WHAE iaTOUNt dek SRRGIIeM, ngkﬁt?ﬁt&l%ad

command, and otherw se determning that the execCution 1 e read

command is not ceerR elaed, Wit B rdia dtiede dridtidt o0t rHM rirSlatlz0mape
apparatus according to claim9, further conprising a seek tine table

i ndi cating, forepaekepntadatienaeshountber ofatar aclea B = )cahaaspenderce

bet ween the nunber of tracks and a seek tine required to nove the head by
an anoun® corr ggpohdivightio tehe imenb@it lofTot)r,adkon \sreragien tdtantdans f or
predicting the seek tine predicts the seek tinme required to nove the head
by the anount 20 t&orthesgeirdisgg St nthe enhvbeorofther ke ssos e basi s of the
number of tracks fromone corresponding to the present position of the head
up to the acced¥asart Theadiimen (e -dirdk ispedithiiaedhpt mabteattdewmand as
well as the se% tinme table, 25 11. The di sk storage apparatus according to

claim6, wherein® Pﬁ§4$9ﬁ9ﬁiﬁﬁfhn§%%§zﬂRu?Q%ﬁé%Fé e ldpidr gl 1 1 - 34
120 0EU o 1 8t ALY AP R P 2 SR e
10 cylinders) Nt and the seek time table 123a, the
predicted seek time Tp is calculated as follows.
Here, the number of tracks Nt corresponds to the
tracks from the one corresponding to the present
position up to the access start track. That is,

15 the number of tracks Nt corresponds to the distance
that the head is moved during a seek operation (this
number will hereinafter be referred to as the number
of seek tracks). First, the CPU 122 searches the seek
time table 123a for the number of tracks Nti which is

20 smaller than but closest to the value Nt. Further the
CPU 122 searches the seek time table 123a for the
number of tracks Nti+l which is larger than but
closest to the value Nt. Then, the CPU 122 takes
information out of the seek time table 123a, the

25 information relating to the numbers of tracks Nti and
Nti+l and associated seek times Tsi and Tsi+l. The

CPU 122 calculates the seek time Ts corresponding to



occurred in the read operation specified by the read 5 command, the
predlctlng nmeans predicts agai n whet her execution of the read connand IS
conpleted within the tine limt specified by the read conmand; and if it is
determ ned in the second prediction by the predicting neans that the
execution of the read 10 conmmand is conpleted within the tine limt, the
controlling nmeans causes the executing nmgans_to continue executing the read
command. 12. A nethod of controlling data streans, the method being applied
to a di sk storage apparatus which 15 can concurrently process a plurality

et @ Str Aty SPRERELEdoRY <8 ROREakeNTEL)0dC ORRELBLA: spgA et Al Y

execut i ng, I n accordance wt tirme series th tinme

limts prOVIdeHrQ¥eEQeuQ9§é and g@gkrgg#geg gy EaTﬁaggqnlgB cbepyritten 20

and read conmands with ti 'Tmts prov ost and instructing a

data streamtoibe aeeerm@ﬁE§CEhegcbméhlaeearge@khéim@C@gr%6dbbntﬁewﬁ'te
operation specified by any of the wite commands; and controlling a retry

of the wite cpreandtea tbak 23mef Tht i s rdehestad tlBal iaRiCEkakeNaE
occurred in the wite operation specified by any of the wite commands, the
retry of 5t he wtheenonhwendfi srexesutedrespoyding to the value Nt is
stored in fhe seek time table 123a, the seek time Ts
assoclated with the value Nt is used as the predicted
seek time Tp.
On the basis of the zone Zi to which the access
10 start track belongs and the transfer rate table 123b,
the predicted amount of transfer data Ap is calculated
as follows. Fifst, the CPU 122 reads in formation on
a data transfer rate TRi inherent in the zone Zi, from
the transfer rate table 123b. The value TRi indicates
15 a data transfer rate used when a read is performed on
the zone Zi, on the basis of the amount of data
(for example, the number of sectors) that can be
transferred per unit time. The CPU 122 multiplies
the value TRi by the time (Ttl-Tp) to calculate
20 the amount of data that can be transferred within
the (Ttl-Tp), as the predicted amount of transfer data
Ap (=TRi(Ttl-Tp)). In this connection, if the CDR
format is not applied to the disk 111, the data
transfer rate is the same for all the tracks on the
25 disk 111. 1In this case, the same data transfer rate
TR may always be applied.

Once the CPU 122 calculates the predicted seek



. - 35 regardless of whether a time spent performng the wite operation
unti|l the present tinme is withinthe tinme limt specified by the wite
command. 13. The nethod according to claim12, further 5 conprising:

determ ning whether the tinme spent performng the wite operation specified
by the wite command, until the present tine, is within the tine limt
specified by the wite conmand when it igydetected that an error 10 has
occurred in the wite operation; and transferring predefined dumry data to
the host so that when the tinme spent performing the wite operation is

determ ned to pxggedst Qm%t LHE bLOuicead Lhshae! 8rarread-comHmpd ugiting to

be execut ed, ata’1s transferred to't as read data

requested by theiegadagpmmapdyigebead of sxepushbag the 56@9.593?Heﬂé.a“d
wherein when the tinme spent performng the wite operation is deternmned to

exceed the tinepti mbp aBdeZihBSr fhkshar’ 82dn6eNMARAALYRLE LRIt 8eBR
executed, the wite command is retried after the dumry data has been

transferred totifne tpsis wACA3H. Ahe. AEMA3(iAi€. ABLA indicated by the
;. Aas. A(s. Aa. Au. ANs. A; s. AN . A(. A;s. AN. AN. Aa. AN. A; s. A; . As; . A A(. Aas. Au9. Aa. A
(s. A&N. Abl. A&a. Aiel ITCkhutn8srmation provided to the read command.
That is, the CPU 122 determines (predicts) whether or
not it is possible to complete, within the time limit
Ttl, a seek operation of moving the head 112 from the
present position to the access start track.
10 If it is predictable that the seek operation can
be completed within the time limit Ttl (step S24), the
CPU 122 proceeds to step S25. At step S25, the CPU
122 determines whether or not the predicted amount of
transfer data Ap is smaller than the amount of
15 transfer data (the requested amount of transfer data)
Ar specified by the read command to be executed. That
is, the CPU 122 determines (predicts) whether or not
the amount of data (data size) requested by the read
command can be transferred within the time (Ttl-Tp).
20 If the requested amount of data can be transferred
within the time (Ttl-Tp), the CPU 122 determines that
conditions for executing the read command have been
established. In this case, to perform the read
operation specified by the read command, the CPU 122
25 provides seek control that moves the head 112 from the
present position to the access start track (step S526).

Once the head 112 reaches the access start track,
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n e other hand, 1f no errors are detected in
the data read in accordance with the read command,
that is, all the data corresponding to the data size

20 specified by the read command has been read correctly
(step S528), the CPU 122 ends execution of this command
(step S29). 1In this case, if any waiting commands are
in the queue buffer, the CPU 122 takes the most
previously queued command at that point out of the

25 queue buffer and executes it. At this time, the CPU
122 sets, in the status register 125a in the HDC 125,

a status indicating that the execution of the
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established. 1In this case, instead of executing the
read command, the CPU 122 allows the HDC 125 to
transfer a size of predefined dummy data specified by
"this command to the host 20 (step S30). This forces

15 the execution of the read command to be completed.
This is equivalent to executing, in a short time, the
read command for which it is known that a seek
operation cannot be completed within the time limit.
At this time, if any waiting commands are in the queue

20 buffer, the CPU 122 takes the most previously queued
command at that point out of the queue buffer and
executes it. Then, although the CPU 122 has not
executed the preceding read command, it sets, in the
status register 125a in the HDC 125, a dummy status

25 indicating that the execution of this command has been
completed correctly.

If it is predicted that the amount of data
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5 case, the CPU 122 performs step S30 to allow the HDC
125 to transfer dummy data to the host 20.

Thus, in the present embodiment, it is predicted
beforehand whether a read command with a time limit
can be executed in the HDD 10 within the time limit

10 Ttl. This prediction is made taking into account the
seek time, known as the basic ability of the HDD 10,
and the amount of data requested by the read command
(the requested amount of transfer data). Then, if
the read command requests a read operation exceeding

15 the basic ability of the HDD 10, the HDD 10 transfers
dummy data to the host 20 instead of executing this
command. Thus, even though a read command is known to
request a read operation exceeding the time limit Ttl,
the present embodiment can avoid executing this read

20 command needlessly. Furthermore, in the present
embodiment, owing to the avoidance of such a needless
operation, if concurrently with recording of a data
stream, the same or another data stream is reproduced,
a write command for recording the data stream can be

25 given execution priority.

In the above embodiment, the HDD is utilized in

the video recorder for AV applications. However, the
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an optical disk drive and a magneto-optical disk drive
provided that they are capable of reading and writing.
Additional advantages and modifications will
10 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
15 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A disk storage apparatus which can
concurrently process a plurality of data streams
specified by a host, in which a head reads and writes

5 data from and to a disk, the disk storage apparatus
comprising:

means for sequentially executing, in accordance
with a time series, write commands with time limits
provided by the host and instructing a data stream to

10 be written and read commands with time limits provided
by the host and instructing a data stream to be read;

means for detecting that an error has occurred in

a write operation specified by any of the write
commands; and

15 means for controlling the executing means, the
controlling means operating if the detecting means
detects that an error has occurred in the write
operation specified by any of the write commands, to
cause the executing means to continue the write

20 operation regardless of whether or not a time spent
performing the write operation until the present time
is within the time limit specified by the write
command.

2. The disk storage apparatus according to

25 claim 1, further comprising:
means for determining whether the time spent

performing the write operation specified by the write
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command, until the present time, is within the time
limit specified by the write command when’the
detecting means detects that an error has occurred in
the write operation; and
5 means for transferring predefined dummy data to
the host, the transferring means operating when the
time spent performing the write operation is
determined to exceed the time limit and there 1is
a read command waiting to be executed, to transfer
10 the dummy data to the host as read data requested by
the read command instead of executing the read
command.
3. The disk storage apparatus according to
claim 2, wherein the control means includes:

15 means for determining whether a data stream is
being reproduced when it is determined that the time
spent performing the write operation exceeds the time
limit;

means for determining whether there is a read
20 command waiting to be executed when it is determined
that a data stream is being reproduced; and
means for activating the transferring means when
it is determined that there is a read command waiting
to be executed.
25 4. The disk storage apparatus according to
claim 2, further comprising means for acting on

the host as in a case where the write command has been
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5 claim 4, further comprising a status register which
holds a status indicative of a result of execution of
the command by the executing means and which can be
referred to by the host, and wherein the acting means
sets, in the status register, a dummy status
10 indicating that execution of the write command has
been completed correctly.

6. The disk storage apparatus according to
claim 1, further comprising means for predicting
whether execution of the read command with the time

15 limit is completed within the time limit specified by
the read command, before the execution of the read
command is started, and wherein if the predicting
means predicts that the execution of the read command
is not completed within the time limit, the

20 controlling means forces completion of the execution
of the read command by the executing means.

7. The disk storage apparatus according to
claim 6, wherein if the predicting means predicts that
the execution of the read command is not completed

25 within the time limit, the transferring means

transfers predefined dummy data to the host as read

data requested by the read command instead of
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1/"10988& ()-3 8. The disk storage apparatus according to
claim 6, wherein the predicting means predicts whether
execution of the read command with the time limit is

5 completed within the time limit specified by the read
command, on the basis of a position of an access start
track on the disk specified by the read command,
a present position of the head, and the amount of
data to be read, specified by the read command, and

10 the execution of the read command includes a seek
operation of moving the head to the access start track
and an operation of reading an amount of data
specified by the read command from the disk after
the seek operation has been completed.

15 9. The disk storage apparatus according to
claim 8, wherein the predicting means includes:

means for predicting a seek time required to move
the head to the access start track on the disk
specified by the read command;

20 means for predicting the amount of data which can
be read from an area starting with an access start
sector on the access start track specified by the read
command, within a remaining time obtained by
subtracting the seek time predicted by the means for

25 predicting the seek time from the time limit specified
by the read command; and

means for determining whether the execution of
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5 predicting the seek time is within the time limit and

when the amount of data predicted by the means for

predicting the amount of data exceeds the améunt of

data to be read which amount is specified by the read

command, and otherwise determining that the execution

10 of the read command is not completed within the time
limit.

10. The disk storage apparatus according to
claim 9, further comprising a seek time table
indicating, for each predefined number of tracks,

15 a correspondence between the number bf tracks and a
seek time required to move the head by an amount
corresponding to the number of tracks, wherein the
means for predicting the seek time predicts the seek
time required to move the head by the amount

20 corresponding to the number of tracks, on the basis of
the number of tracks from one corresponding to the
present position of the head up to the access start
track on the disk specified by the read command as
well as the seek time table.

25 11. The disk storage apparatus according to

claim 6, wherein:

the detecting means also detects that an error
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5 command, the predicting means predicts again whether
execution of the read command is coﬁpleted within
the time limit specified by the read command; and
if it is determined in the second prediction by
the predicting means that the execution of the read
10 command is completed within the time limit, the
‘controlling means causes the executing means to
continue executing the read command.
12. A method of controlling data streams, the
method being applied to a disk storage apparatus which
15 can concurrently process a plurality of data streams
specified by a host, the method comprising:
sequentially executing, in accordance with a time
series, write commands with time limits provided by
the host and instructing a data stream to be written
20 and read commands with time limits provided by the
host and instructing a data stream to be read;
detecting that an error has occurred in a write
operation specified by any of the write commands; and
controlling a retry of the write command so that
25 if it is detected that an error has occurred in the
write operation specified by any of the write

commands, the retry of the write command is executed
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5 comprising:
determining whether the time spent performing the
write operation specified by the write command, until
the present time, is within the time limit specified
by the write command when it is detected that an error
10 has occurred in the write operation; and
transferring predefined dummy data to the host so
that when the time spent performing the write
operation is determined to exceed the time limit and
there is a read command waiting to be executed, the
15 dummy data is transferred to the host as read data
requested by the read command instead of executing the
read command; and
wherein when the time spent performing the write
operation is determined to exceed the time limit and
20 there is a read command waiting toc be executed, the
write command is retried after the dummy data has been

transferred to the host.



