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. The present invention relates to a magnetic di sk drive thﬁmummmmmeMMEnetic
di sk as a recording nediumand is known for providing a

*storage system and also relates to a disk access nethod for tkgosane.
BACKGROUND ART In the prior art, there have been proposed RAID systens in
which a plurality of inexpensive nagnetic disk drives are c i a

- large capacity storage system w $REREEEETOHEN made to prev%ﬂ@@ﬂ%@ﬂﬂmﬁm&j
any single magnetic disk drive in the |arge capacity storag
affecting the operation of the large capacity storage system it S&popz
Exanpl es of the RAID systens proposed in the art include mirroring RAID, in
whi ch i denMASAEREE aDISK &8r\ed BATA REGQRDING oMEFEG bt iAN| @%Tgri ves,
and striping RAID, in which data is split into a plurality of bl ocks of
equal si ze RERRORECT Y HEY1d¥KEPthe a plurality of magnetic disk equal in
nunber to the split blocks. - 1 Ho~ r, since the above RAID systens
require the use of a plurality of magnetic disk drives , each inexpensive

t hough, and al so require the provision of a controller for data splitting
and r econstlE(HNBRALr F&LDsynchr oni zati on of operations between the
plurality of magnetic disks, they are expensive as a | arge capacity storage
syst em conpar ed Ji& Rr&sHhdNiRREPRC e 3kearte e @ngﬁ&%%si‘aﬁééivtey.
Figure 2 shows a configuration exanple of the prior, art myroring RAID
system WhdhadkivFag safRoneilel dafaskeds VRdESFar A Nek R HEA™| ARY2ES s

tenporarily stored . ,
known for providing a large capacity storage system, and

also relates to a disk access method for the same.

BACKGROUND ART

Inthepriorart,therehavebeenproposedRAIDsystems
in which a plurality of inexpensive magnetic disk drives
are configured as a large capacity storage system, with
provisions made to prevent failure of any single magnetic
disk drive in the large capacity storage system from
affecting the operation of the large capacity storage
system itself.

Examples of the RAID systems proposed intheart include
mirroring RAID, in which identical data is recorded on
a plurality of magnetic disk .drives, and striping RAID,
in which data is split into a plurality of blocks of equal
size and recorded across the a plurality of magnetic disk

equal in number to the split blocks.



in a huffer nmenory 22; in the case of mrroring RAID, identical data is
~duplicated across a plurality of nmagnetic disk drives (HDDs) 26. It is also
necessary to synchroni ze operati ons between the HDDs 26 in order to inprove
t he access perfornmance of the HDDs 26. \Wen reading, data is read out by
.“changi ng the readout magnetic di sk for each access in order to prevent
accesses from being concentrated on one particular magnetic disk. |If a data
read error occurs, another magnetic disk which is not accessed is, accessed
to read the dat 8OWRVerresiPce (he HPY§uRALomH? taME ot 1t 90 becones
extrenely conplex, increasing the cost of the systemas a |large capacity
storage devis&eofRPLH&SIoY Y W@gnﬁ§i%désﬁl%¥%’?§y i PeRgitdics,
since the storage - 2 capacity as a large capacity storage device is
the same aghdigh of a8dsipdd®e TRGAEEPC tSPIRYVELIPR Ofe Sys? Frfof‘[?jrgrcost of
t he system becones extrenely high. DI SCLOSURE OF THE | NVENTION I n vi ew of
the prior &ar plabeehblddddmPeandbsfECITTIRCHACBLPECtEDF t he present
invention to provide a magnetic disk drive that can _constyuct.a mrroring
RAI D syst ed¥ie@neoRIRaFLeR (f SRS RAY 1o0H thohureri SRR ves2115Yr &or di ng
met hod for recording data on the magnetic disk drive, .and a reBrod ction
met hod f or MaFHOBHEI Ad Skata TR BRE FERATEVRI SR &r ilAE I SEPRNVERt i on of

t he present invention (correspondin . . .
P storage sysgem com%aredgaith a signal magnetic disk drive

of the same capacity.

Figure 2 shows a configuration example of the prior
art mirroriggugng system. When writing data, the data
received via an external I/F 21 is temporarily stored
in a buffer memory 22; in the case of mirroring RAID,
identical data is duplicated across aplurality of magnetic
disk drives (HDDs) 26. It is also necessary to synchronize
operations between the HDDs 26 in order to improve the
access performance of the HDDs 26.

When reading, data is read out by changing the readout
magnetic disk for each access in order to prevent accesses
from being concentrated on one particular magnetic disk.

If a data read error occurs, another magnetic disk which
is not accessed is accessed to read the data.

As a result, the configuration of a controller 20
becomes extremely complex, increasing the cost of the
system as a large capacity storage device. Furthermore,

whileusingaplurality of magnetic disks, since the storage



to clagiml) is a magnetic disk drive conprising: receiving means of
‘receiving data transferred froman external host device; one or nore
magnetic disks for recording said data thereon; and recording neans of
_recordlng said data on said magnetic disk or disks, wherein said magnetic
di sk drive further conprises: nunber-of-duplicate-data-recordable-tines
conputi ng neans of conputing, based on the transfer speed of said data
transferred fromsaid external host device and on performance indices

uni que to s@ErReREHetisc adileik ge capacdtivy S tQFRIRUABILICH RipFPtaf@™Fat a
recordable tinmes representing the nunber of tings,kthat, said tran%ferred
data can beg dtortiedfi @ diplglkatBagheddicd hek ofr iuee gt EY§itedy: and

control neans of controlling said recording nmeans sqQ that said data
transferre¢ﬁec¢ms§i@feﬂhﬁrﬁﬂshﬁ@thﬁgﬂW%ﬁmﬁ¥Fr§@%¥&6FH@HWN1said one or
nore magnetic disks a nunber of times that does not exceeds said nunber of
duplicate data recordable tinmes conputed by said

DISCLOSURE OF THE INVENTION

In view of the prior art problems described above,
it is an object of the present invention to provide a
magnetic disk drive that can construct a mirroring RAID
system without having to use any additional disk drives,
a recording method for recording data on the magnetic
disk drive, and a reproduction method for reproducing
data from the magnetic disk drive.

‘Alstinventionof thepresent invention (corresponding
to claim 1) is a magnetic disk drive cg@p;i;ing:

receiving means of receiving dataﬂzgghsferred from
an external host device;

one or more magnetic disks for recording said data
thereon; and

recordingmeansofrecordingsaiddataonsaidn@gnetic
disk or disks; wherein-

said magnetic disk drive further comprises:

numper—of—duplicate—data—recordable—times

computing means of computing, based on the transfer speed
of said data transferred from said external host device

and on performance indices unique to said magnetic disk



nunber - of - dupl i cat e- dat a-recordabl e-ti mes conputing neans. A 2nd invention
-of the present invention (corresponding to claim2) is a nagnetic disk
drive as set forth in the 1st invention, further conprising notifying neans
of notifying said host device of said nunber of duplicate data recordable
times conputed by said nunber-of-duplicate-data-recordable-times conputing
neags, apddmhfyeln sgld host device is a device that, in response to said
nunber o uplicate data recordable tines regejved fro jd potifyin
ge?nsz c?nﬁfﬁﬁﬁantzﬁzpﬂm%?ﬁwp%p@%P#&ﬁif? a%ﬁnﬁ?FQﬁgig*%sgfwsﬁysa?d

ata is to be recorded in duplicate o sai d one_or nore, magneti-c_di sks, and
sald.cogt;mepﬁﬁﬁffﬁéﬂgbﬁﬁﬁsﬂﬁ@p§6n9%o¢%ﬂﬁ%dtgﬁt-sfld Eéﬁ%sﬁﬁgfﬁﬁgtion
receive rom sai ost device. A3rd invention of the present _invention
(corr espondiaig? teael BPmrPCqEied nhgn SR 3k dPPvE e BFt AT the 1st
invention, wherein said host device is a device that al so sends- i nf ormati on
S|g?|frlngmﬁﬁﬁﬁf?ﬁodﬂéﬁébdﬁﬁyéther with said transferred data, and said
control neans perforns_said control based.on said. informatjion signifyin
sai d data |nporKHﬁE%IQéc@?@§§fQQHﬁ%%FHOﬁ&§€“ﬂe%?%Q.rﬁqﬂ; %Wﬂeﬂg?Bﬁyofgthe
present |nyentioh*666fﬁé§'6hding to claim4) is a magnetic disk.drive as
set forth ip aHyabneadd %ﬁl@%apéﬁﬂﬁF?%véﬁPWoﬁéﬁ lﬁ%%%?néimHQ%ﬁng ar ea
splitting neans of splitting a data recong:ng area on said neti.c..di sk
|nt? alpluﬁhEY%93d4l 1 a8 rEGARORAEPBI R2dS ARENE rBPT ReRE Sar o me 4 d
control so that said data will be recorded [n _each of said split areas. A
5th i ?yenéiﬂ)gﬁ‘gﬂb?ﬁeoﬁr dslgpes | Rbedt i9seg c%?%e?ﬁ&r‘?cﬁ %%1%.85 lb§)r ioséa
magnetic dis rive as_set forth.in_the 4th invention, wherein said control
neans perfd#ﬁ@léﬁﬁ&QN§ﬁ§Qﬂr%%°?ﬁ§g¥ﬁﬂYﬂﬁﬁ?acﬁﬁﬂuQﬁgr%%o?ﬁé in said each
area which is | ocated nearer to an outer diaFl Her of said nagneti di sk as

t he nunber Wimperee frighip khfataafa tiss LREQA Fedormifed FREPEILY A 6th

i nvention of the present invention (corresponding - 5
mearns.

A2nd inventionof thepresent invention (corresponding

to claim 2) is a magnetic disk drive as set forth in the

1st invention, further comprising notifying means of
notifying said host device of said number of duplicate
data recordable times computed by said
number—of-duplicate-data-recordable-times computing

means, and wherein

said host device is a device that, in response to

e

saild number of.dugiiéate data recordable times received
from said notifying means, can send an instruction

specifying the number of times that said data is to be
recorded in duplicate on said one or more magnetic disks,

and

said control means performs said control based on



toclaim6) is a magnetic disk drive as set forth in any one of said 1st to
-3rd inventions , wherein said data recorded in duplicate is recorded on a
different one of said magnetic disks or on a different recording surface of
t he sanme magnetic disk. A7th invention of the present invention
“(corresponding to claim7) is a magnetic disk drive as set forth in any one
of said 1st to 3rd inventions , wherein said data recorded in duplicate is
recorded in contiguous sectors of said _nmagnetic disk, 8t h invention of
the presentsaikemsbructdoresiRAei Fgdt § TOMiTREY PeSE Mgt di sk drive
as set forth in any one of said 1st to 3rd inventions, further conprising:
repr oduci ng neaﬁﬁf@lma@ﬂﬁﬂeﬂmé?ﬁ@&ﬁ%ﬁﬁﬁ%é&Wﬁ??&ﬁ%(ﬁQﬁﬁﬁﬁQOHgEPQN

di sks; and second control neans of pontrollin% said repro uch g.neg S SO
that if anter rokabecdt si@hanmaging rieprdbsti A§imeans iSEh JF 6 48t & St ored
on said one or nore magnetic di sks, data identical to the data that caused
sai d read dryxforingensa®nf.rotherdlBce different fromthe place at which said
read error occurred. A9th inventjon of the present inveatLon corres ondi ng
to claim9) is #akdhosdcdrding h%ﬁrﬁﬁl"%%ﬁﬁﬁ'las’?ﬁgrgor%% iyt gag tion
transferred froman external host - 6 devi ce; conputinqi based onc%he
transfer spdeanbfysanddahpal PPRASARITRFIFD SRiH ER 13 HAI TR T8&Vice and
on performance indices unique to said magnetic disk drive, the nunber of
duplicate dbats@reeBfdabl e tines representing the number of tines that said
transferred data can be recorded in duplicate on, gne or re magnetic di sks
. and recordi ng $3}@d dabirodaReans egeglf%ngsdi%a% tgpﬁglrrgrarog?aﬁggi 28 on
said one or nore magnetic disks a nupber of tjines that does not exceqﬂs
sai d nunbersaiddupf e EReE 198t 8 1OEAFHHBY 3 1 F¢8 T R AT FAVER F6R S0t SHhe
present invention (corresponding to claim10) is a data reproduction nethod
wherein if Bremagadd &odecd®¥iffen reproduci ng data that was recorded on
said one or nore na%ggiic di sks b¥ t he data Lecord%ng ngthod dechipqg in
said 9th inventiME___‘_W‘?ePBéﬁﬂ?%lfﬁ(?ﬁ?l%eagtlé“(% LRRUSEY §5PH P Ead " Gr r or
is read froma place different fromthe.place .at which said read er
occurred. AfC 1‘1’%1I“n\§Lént31'soﬁ1 (S‘faqrh%tbf:egéﬁtk ARett i DR f%gr?8§5ong‘nnggr?%
claim1l) is a programfor causiing a co ter to function as al.l_.qr_part
of : said reRRevPhgSPEchsl BF F8caL Hﬁ“ﬁ%&gl?Péns#%Pﬂé From: %ﬁf%ﬁgernal
host deVICeérgglgﬁf?%ﬁfgggmgg%gsag Jﬁ??%ghﬂ %md%éE“EEQQrE%H% area

onsaidnmgneticdiskintoapﬂuralityofareas,andwherein

said control means performs said control so that said

data will be recorded in each of said split areas.

e

A5th inventionof thepresent invention (corresponding
to claim 5) is a magnetic disk drive as set forth in the
4th invention, wherein said control means performs said
control so that said data will be recorded in said each
area which is located nearer to an outer diameter of said
magnetic disk as the number of times that said data is
actually recorded increases.

A6th inventionof thepresent invention (corresponding



magnet,i c di sk or di sks said nunber-of -duplicate-data-recordabl e-tines
‘conmputi ng nmeans of conputing, based on the transfer speed of said data
transferred from said external host device and on perfornmance indices

uni que to said nmagnetic disk drive, the nunber of duplicate data recordable
‘tinmes representing the nunber of times that said transferred data can be
recorded in duplicate on said one or nore magneti c di sks; and said control
means of controlling said recording neans so that said data transferred
from sai d ext erlaim hobt 1deai vaomdti®ediskoflddy of SSARL o b ADr 82Y
magneti c disks a nunber of times that does not exceeds said nunber of

dupl i cate dateo Ferdalsitet oidmd Loyenitieny Wigrein saiddata recorded
nunber - of - dupl i cat e=dat a-recordabl e-ti mes conputing neans, .in the nmagnetic
di sk drive iasdsetl ifwrtd lisnrasprews on asiif ferens ond ohieddi BAgN kot h
invention (corresponding to claim12) of the present invepntion iS a program
for causi nglislconput en o dubferentaresordingaptrdecasHfh FBEr 80 ng
means of reproducing data recorded on said magnetic di sk or disks; and said
second contagnetansddfskcontrol ling said reproduci ng neans so that if an
error occurs when said - g reproduci ng neans is reading data staor.ed on
said one or nore Fapnetventioknf HhedFeeantddiventing (ERE ARPCHIYE
said read error is read froma place different fromthe place at, which said
read error tozoutaéd, 7)nishe megreticdidrkdbniy s r$BEALPR thaild stH
invention. As described above, according to the magnetic¢ disk drive as one
exampl e of dnmeopfrssédtlSt]\t@n:ﬁI@mnmﬁlﬁé%r"&l}?%ﬁeé}&t%@létdqtsa H@Fé’rrrﬁ%%d
whether it is possible to duplicate the data across a plurality of blocks
wi thin the snnghplimgre i ts drskogdark, 1andORkeAIAUS sS%%EeFﬁl of 3% data is
duplicated across the plurality of blocks; if a read error occurs when

repr oduci ngnayeettatca, dishe. data is read froma block where a duplicate is
hel d, thus nmaking it possible to reconstruct the requested data bl ocks
usi ng the correchhy8tbadouteniatanand 1l REESERE HECGH PRt ed dat a.
Further, by varying the nunber of duplications according,tﬁtt e i nportance
of data, thé¢coedestiomingthe shaim ®F #ata FEHIRUabfedh NEYneti c

di sk can be mnimzed. Data recorded and reproduced on the nagqgti di sk
drive can i setuflerhibt by |eReye &Fdd thyp T 5t F AdotR VAR Stith a8 WF tat a
but al so ordinary conputer data. Since the magnetic disk drive described
above has thempunigtingh: of recording a plurality of duplicate copies of data

on the magnetic disk in the disk drive and - 9 |
reproducing means of reproducing data recorded on

said magnetic'disk or disks; and

second control means of controlling said reproducing
means so that if an error occurs when said reproducing
means is reading data stored on said one or more magnetic
disks, data identical to the data that -caused said read

error is read from a place different from the place at

which said read error occurred.
A9th inventionof thepresent invention (corresponding
to claim 9) is a data recording method comprising:

receiving data transferred from an external host



reconstructing correct data fromduplicate data in the event of a data
“error during reproduction, there is no need to provide a separate conpl ex
controller, and a -__ mrroring RAID systemcan be constructed using a
singl e magnetic disk drive; furthernore, since the disk drive has the
“function of managing the nunber of tines that a duplicate can be recorded
on an area by area basis, and therefore , the reduction in the anount of
data recordabl e on the nagnetic disk can be mnimzed, an extrenely
i nexpensi veleRAl@e syst em can be provided. To describe the invention in
further detail, the magnetic disk drive as one exanple of %he i, nvention
uses a nagnetic atingkuasng,r besredl My fdek bt 2BAJ SEc SRS ¢ esﬁﬁan it@ di sk
to read or wite data of various kinds of information, wherein when power
is turned diramsfasredgifetane SR grLEE Nk BPER RV AADI B conmand i s
received fromthe host device externally connected to it, the disk drive
obt ai ns datremfermsnger figydhepee BBA AWH ttQi%l‘BymPQF’é?rtrﬂi%g‘S%Bki HE L8y
performance indices, conpares it with the transfer speed of separat.el
suppl i ed | arlye noaplet of doptilmats d&d%aarw%%bi% %St%e%?gﬁﬁw
nunber of tines that a duplicate of the |arge capacit qgn%inuous data such
as AV dat a e bembegorafed;impg §bET issldh rﬁ8§tfed:éﬂl%%e ateoFdrndis.
Al ternatively, the nunber of times that a duplicate - 10, of .the |arge
capacity comtcondes dat dupickcatesyndangs 0anmee & S HRELfRg I5&Sefditied to
t he host device when such information is referred to fromthe externally
connect ed host des¢esdingcsralihgdesat ke argrrt Feddifdemyriyeddedss
above, when witing the |arge capacity continuous data spuch as AV data, the
magnet i ¢ dilkkstr de¥ icen eetSehed ABFHET JOFEnBEINEHI S %hﬁ Pcét 8HP%he
| arge capacity continuous data such as AV data is created nd.i,n this
way, a mrrofi bgmRAl bhafst e EaRObe IR VEISALLNFUWRE hgP b a&&&&q%yﬁisk
drive. Further, the magnetic disk drive as another exanple

data recordable times.

A 10th invention of the presenEwingnp;gn

——— -~

(corresponding to claim 10) is a data reproduction method
wherein if a read error occuré when reproducing data that
was recorded on said one or more magnetic disks by the
data recording method described in said 9th invention,
data identical to the data that caused said read error
is read from a place different from the place at which
said read error occurred.

An 11th invention of the present invention
(corresponding to claim 11) is a program for causing a
computer to function as all or part of:

said receiving means of receiving data transferred
from said external host device;

said recording means of recording said data on said



of the invention uses a magnetic disk as a recording nedium and accesses
‘the magnetic disk to read or wite data of various kinds of information,
wherein when the nunber of times that a duplicate of |arge capacity
‘continuous data such as AV data is recorded is specified fromthe host
"device externally connected to it, the disk drive conpares it with the
nunber of tines that the duplicate can be recorded, and if the duplicate
can be recorded up to the specified nunber of tinmes, the disk drive sets

t he nunber mefgrietnes thak tde dupkEcate is recorded to that specified nunber
of times, and notifies the host systemaccordingly. \If the duplicate
cannot be recor dedi dipntmbehe ofpabipl baakemsatofr ¢Fabdablifs Wi&S dri ve sets
- 11 t he nunber of tinmes that the duplicate can be recorded, and
notifies thomostisgsneanacodr domgintingcdraisag ¢b the WeyRefrd §Pse%rive
descri bed above, when witing the [arge capacity continuous datg such as AV
data, the rufivbmaidfdaiteesndrasfardeg foae RleheXterge cdpagtt aeé’&r‘ﬁﬁ nuous
data such as AV data is created can i be set fromthe host system_.and in
this way, amdroorpegformandRal bngysesmuahiBe L6hiSéviét RRTRGTACs] q‘e
magnetic disk drive. Further, the magnetic disk drive as another exanple of
the invent iciniveesthenagnerér dfsk k?&%%o@é?ﬁgﬂﬁﬁﬁﬁﬁ%bgﬁdt&gﬁﬁkses t he
magnetic disk to read or wite data of various kinds of information

wher ei n wherephesemdmaridee ohumbege capatPes &HSG mptd BRPRSIGH YL AV
data is specified fromthe host device externally connected to it, the disk
drive conpal@sai taw fde thecoadedumly ikl bEatRe AMmpsttaneeCafd I hunber
of tinmes that the duplicate can be recorded, obtains the nunber of tines
that the duphgnetéd slisedrdedd and notifies the host.system accordingly.
According to the magnetic disk drive described above, when jting the

| arge capacity C@aidmmursrdétrae%l@léw%§0)&\'7-rd%a]t]a}ngr?@%ﬁﬁéfrm¥f$l’?g H%at a
duplicate of the 1T'arge capacity continuous data such_as AV data.is created
can be set $0 #bedr denicd WRth CHENIAREEAACEIGM P ¥ ofttRENA 11 2105t host
system and in this way, a mrroring RAID system can be achi eved .si}Q% a

si ngl e magnadeidcei wildr beererorded O 62 1Fhra %P BRLEPGIENCES T HE Aunber
of times that the duplicate is recorded can be reduced to mnin ze the
‘reduction ia nhebemunt bimgsat Ahade Q@B BOSn RXREFAFnEEFE a]i‘%“@elf:u? her
the magnetic disk drive as another exangl_e of the invgnf}i on _uses a magnetic
di sk as a rdupldiontereds b res@ratebs et iMRs FRIMTeYdP¥k 50T ead or wite
data of various kinds of information, wherein en a conmmand specifying the
start and endmpesitdordupl icpdesidatytrERET §or LPEEo PG Y e
capacity continuous data such as AV data and the nunber of tines that a
duplicate ofmegme data is recorded in that area or the inportance of the
data to be recorded in that area, is,received f8§n1%€e.host devi ce .
external |y éonid@ getrgpetic HEKktFF1VanaSePHos?EFBnd PoPthe®sF 28 of t hat
area and the nunber of times that a duplicate of the data is recorded in
that area osatilte §spokpantd dM1afetdaPd-to be recorded in that area are
stored in nmenory. \Wen a comand for wwitin% t he I%rge capagiﬁi cgn%hguous
data such as AV @afldths iseenbéant (EATIRSAGRE L0 tomC ard" df 4k Ari ve
conpares the recording position information of the data with_ the start and

end positioR¥esienhelRVeBtdrn Nt ArBACSEFed I h TREB Mo, CAMd " reads out

of the nmenory the nunber
to function as all or part of:

said reproducing means of reproducing data recorded
on said magnetic disk or disks; and
said second control means of controlling said

reproducing means so that if an error occurs when said



- 13 , of times that a duplicate of the data is recorded in that area or
‘the inportance of the data for the matching area. According to the nagnetic
di sk drive described above, when witing the |arge capacity continuous data
such as AV data, the nunber of times that a duplicate of the |large capacity
‘continuous data such as AV data is created can be set in accordance wth
the area that the host system accesses, and in this way, a mrroring RAID
system can be achi eved using a single nmagnetic disk drive. Further, for'
data of | oweipnpoht@cg, mehasnurbaredd 1pones tehat teREJOH iBte ?8°r 8&or ded
can be reduced to mnimze the reduction in the anount of data recordable
on the magmetriecmdigsiet iFuditsds , dadangrartkcalt Jo ghisvdats BtV ERSpl e
of the invention uses a magnetic disk as a recordin dium and accesses

t he magnet iseidl skead ezadrodswieaddhrarof \Pérﬁ%%sd%if?%ed?tiﬁ?%?‘niﬁieon,
wherein when a wite command for recording | arge capacity continuous data
such as AVpdatce istrebécheddrdrread REFOLWRGErERer nal Iy connected to

it, the disk drive, after conpleting a wite access far tge, Iara%.capaci ty
cont i nuous igdathesuanes iavddskadr et desgrding day 824f $hE 1AYGECdPaci ty
continuous data such as AV data successively and repeatedly in,accqrdance
with the nunber A¥ désesibeat atin@uphrearaing t Bopehee & %l?lfAc@&rs ing to

t he magnetic di sk drive described above, - 14 when vvr'hti ng the l.arge
capacity cativeesonaexasuycte af e paesendt dogerdatd off ?%P@gl&ﬁgaci ty
continuous data such as AV data can be recorded in agc rdan\(l:é vvilt.h t he
nunber of tdates, thatis Hetduptieedavhetheaat £d1s RS FAPLR §OWAYPLASAYS ori ng
RAI D system can be achi eved using a_single ma](_gneti c di sk, drl':ve. Furt.her,
the magnet itheli dktar Peacss ahad heFadidipl L P L PRES; wécﬁﬂ%n B€e§ 2% fsgnet i c
di sk as a recording nedium and accesses the magnetic Ou?fk t re% or wite
data of vamamsekindslisk idEbyeat PHS WHRR el h Wie®OS P18 cSHPantt For
recording | arge capacity continuous data such as AV data is received from
the host dews cdupktieartzd yaconasctbe luraliky SiPIRFHe; aft & £aC
~conmpleting a wite access for the |arge capacity continuous dat,a such,as AV
data, changesroheogaymest v eTe doR0 FROHCER] ﬁft%éyﬁ‘fﬁ@ne*f—h@ PR dri v Hhd
wites a duplicate of the large capacity continuous. data such. as AV, data
successi vel jramdar bpemlediyera aceoidareati 6 D18 hunblSof S that the
duplicate is to be recorded. According to the magrést' c_di SE drive described
above, wherpepBblibag tie 1epeRsSEANSE YRR ohRAHESIS zfi%f%u% OFESAHHE, a
duplicate of the large capacity continuous dat SUﬁh 2s AV dat% (%Jantgg
recorded usthg @Prrecddy Feaite JRbRSLIN S0 A’hcE i TRCPRE Wiiber of
times that the duplicate is created, and in this way, a mrroring RAID - 15
system can ®@tachi eved using a single magnetic disk drive . Furthernore,
even if any one of the nagnetic heads unted in t etic.disk drive
fails, all dupliBar&hgata nV%éYéEéfeggg% %Wﬂ@raﬁduf@ﬁgﬁ%?ﬁﬁllpysoper ating
magnetic head; this serves to inprove the fault tolerance of .the myrroring
RAI D syst enaceascing o ushag l@pﬁﬁ@%cﬁa@ﬁeéa&adi s&ﬁr FeEUF et the

magnetic disk drive as another exanple of the invention uses gnetic
di sk as a reber @neyniede finfladad r&ﬁ‘é’%@%gl?m?“nd%%t’f‘igaiez:l%q o&"rsreTlgdC%P wite

data of various kinds of information, erej n when a i te_comman [
recordi ng | Bedelehpaéecy c@ﬁﬁ%ﬁ@&é"r@zﬁ@ag&ﬁea§oﬁvc Vc\rigni Eh?ér(‘:aeqr\g%%gﬁ om
the host device externally connected to ii, ihe di sk_dri.ve caofr'{,g{nuous
conpl eti ng 8iwki & iva 6 decl WGadIet RIBri#bPSt HigPrarde Capher Ty
continuous data such as AV dat a, ites_a duplicate of the .sing ect or
for the |argéteaparsh yagofti ﬁ?&?s%é?aa%t?@h OﬁéWﬁ%t Sog‘é)élcteesfs]i%i/%Fé "and
repeatedly In acqordance with Lhe uIbEL, of, LUTPudNa 08 dlisAisTs o

the function of recording a plurality of duplicate copies

of data on the magnetic disk in the disk drive and



According to the magnetic disk drive described above, when witing the

‘| arge capacity continuous data such as AV data, a duplicate of the |arge
capacity continuous data such as AV data can be recorded in accordance with
the nunber of tines that the duplicate is created, and in this way, a
mrroring RAID system can be achi eved using - 16 a single magnetic disk
drive. Further, the magnetic disk drive as another exanple of the invention
uses a magnetic disk as a recordi ng nmedium and access%ﬁﬁgge naagghjc di sk
to read or neddrestatatéhovardwiecki Aasaoff 1A o WRLLEA T & nt €a read
command for reproducing |arge capacity continuous data such as AV data is
recei ved f reorerttheofiost dddd car eXt eBHALNY dhieedBationit th9rant§c&ss has
successfully been made to the |l arge capacity continuous data such as AV
data, the datedisot pansficka ed $©p@hét@o$10n§3/%‘t?érrf308ﬁrtoﬁel%lfheﬁ""nﬁaﬁd, if an
error occurs when an access is nmade to-the targe capacity continuous data
such as AmGMEprihgnR&i&uﬁ&@temscﬁﬁd@q(?QﬂﬁgFﬁﬁtﬂ%a dipl # catB9%dt a of
the | arge capacity contifitous data such as AV data is recq&de , and_ if an
access has maguetstutliypkabini vade LHs HRERRES | c5LEFattd DIt RE P&AYE
capacity continuous data such as AV data, the data is t ansferr%%_to t he
host syst ema$uthhefunsteirp® hef duphaEang deka BEEPSE &f redPoRding T o t he
error sector has been read out correctk%, t he correcé%z readout data is
witten over dhplécate sEn dressechfidatheCYatl EaFDSY HCouPeEdriect Iy
the next tinme it is accessed. According to the magnetic disk drive

descri bed ahod&hestesivo readineyr efdacitaciel BARRANPUASR T AadGst 85PE SR as AV
data , if a read error occurs , correct data can be read fromduyplicate
data of theohathe m@gﬂﬂt%cc@ﬁﬁknﬁﬁwslﬁéﬂﬁlnlmizedﬁnﬁﬁl%%tﬁﬁmﬁgﬁé, and in
this way, a mrroring RAID system can be achi eved using a single nmagnetic
di sk dri ve.iBRKBENBESER BT ONSTE tRHE THRAVP RGBT RV, 1 is a diagram show ng
the configuration of a magnetic disk drive accordin

to first, secaond,
third, fourth, fT®t@essinile %%thflr«r?néﬁd%ibfhtE‘%ém&&,j-__r?{e%&%l%f t%ﬁg present

invention. Figure 2 is a diagramshow ng the confiqguratijon of.argrior art

mrroring RMONePsicediFh gUFEVS #8 ANGi GFPHR Foro xph i hEKG e Topet ati on
a magnetic disk as a recording medium, and accesses the
magnetic disk to read or write data of various kinds of
information,whereinwhenpoweristurnedontothenmgnetic
disk drive, or when an executable command is received
from the host device externally connected.to it, the disk
drive obtains data access performance pefﬂgnip'time by
referring to its own performance indices, compares it
with the transfer speed of separately supplied large
capacity continuous data such as AV data to obtain the 4
number of times that a duplicate of the largé capacity
continuous data such as AVdata canbe recorded, andnotifies
the host device accordingly.

'Alternatively, the number of times that a duplicate

- 10 -



of the magnetic disk drive according to the first enbodi ment of the present
‘invention. Figure 4 is a diagramfor explaining the operation of the
‘magnetic disk drive according to the second enmbodi nent of the present
dinvention. Figure 5 is a diagramfor explaining the operation of the
magnetic di sk drive according to the third enbodi ment of the present
invention. Figure 6 is a diagramfor explaining the operation of the
magnetic di sk drive according to the fourth embodi ment  of t pr.esent
|rwent!on.pﬁi@hﬁaHargeacépﬂﬂ%ﬁﬂf%@né%ﬁMﬁqﬁrﬁFFﬂesBﬁ&%ﬁ§£$Wo?a?ﬁe
magnetic disk drive according to the fifth enbodjment of the present

i nvention. carlde ré¢guiedsnay i agPaMYst @p?%?n?’ﬁ&tt ﬁgev %?a‘f’ﬁSH of
the magnetic disk drive according to the sixth embodi ment of t pr esent
i nventi on. sEijurinformagidiragrant eEPTERS i hi hgOThE (?pé%"t%fhagiyt he
magnetic di sk drive according to the seventh enbodi ment of the present

i nventi on. deimeeted hosi dleigiam f or expl ai ning the operation of the

magneti c di sk drive according to the eighth enb dineqi
According to the magnetic disk c?rlve escribed above,

when writing the large capacity continuous data such as
AV data, the magnetic disk drive can set the number of =
times that a duplicate of the large capacity continuous /P{
data such as AV.data is created, and in this way, a mirroring

RAID system can be achieved using a single magnetic disk

drive. | |

Further, the magnetic disk drive as another exampi;/\

oftheinventionusesanmgneticdiskaszarecordingmedium,

and accesses the magnetic disk to read or write data of
various kinds of information, wherein when the number

of times that a duplicate of large capacity continuous

data such as AV data is recorded is specified from the

host device externally connected to it, the disk drive
compares it with the number of times that the duplicate

can be recorded, andxif the duplicate can be recorded

up tolthé specified number of times, the disk-drive sets

the number of times that the duplicate is recorded to

that specified number of times, and notifies the host

system accordingly. SIf the duplicate cannot be recorded

N e e e

up to the spécified number of times, the disk drive sets

- 11 -



‘of the present invention. (DESCRI PTION OF THE REFERENCE NUMERALS) 1. P
‘BLOCK 2, 21. HOST I/F 3, 23. CONTROL CIRCU T 4, 22. BUFFER NENCR% 5. ZSB
CONTROL CPU 6. MOTOR DRIVER CIRCU T 7. RYWCHANNEL CIRCU T 8. CONTROL
'SIGNAL LI NE AND DATA SIGNAL LINE 9. HDA BLOCK ' 10. MAGNETIC DI SK 11.
MAGNETI C HEAD 12. SPI NDLE MOTOR 13. VCM MOTOR 14. ACTUATOR 15. FPCB - 19
16. PREAMPLI FIER CIRCU T 20. CONTROLLER 25. MAGNETI C DISK I/ F 26. MAGNETI C
DI SK DRI VE BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Enbodi nents of t.he
present i ntdet iromingt | obetdoes i Healt bERBWIHPLN- G 2r &fbe oﬁﬁ%ﬁﬁﬂ%g

and notifies the host system accordingly.

According to the magnetic disk drive described above,
when writing the large capacity continuous data such as
AV data, the number of times that a duplicate of the large
capacity continuous data such as AV data is created can
be set from the host system, and in this way, a mirroring A
RAID system can be achieved using a single magnetic disk
drive.

Further, the magnetic disk drive as another example
oftheinventionuseseamagneticdiskasairecordingmedium,
and accesses the magnetic disk to read or write data of
various kinds of information, wherein when the importance
of large capacity continuous data such as AV data is
specified from the host device externally connected to
it, the disk drive compares it with the maximum value
oftheimportanceandthenumberoftimesthattheduplicate
can be recorded, obtains the number of times that the
duplicate is recorded, and notifies the host system
acCordinng;HJ

According to the magnetic disk drive described above,
when writing the large capacity continuous data such as
AV data, the number of times that a duplicate of the large
capacity continuous data such as AV data is created can

be set in accordance with the importance given from the

- 12 -



_(Enbodinent_l) The configuration of a magnetic disk drive according to a
first embodi ment of the present invention will be described bel ow al ong
with its operation with. reference to Figures 1 and 3. Figure 1 is a block
_di agram showi ng the configuration of a mrroring RAID systemusing a single
magnetic disk drive according to the enmbodi ment of the present invention.
The magnetic disk drive of the enbodi ment conprises a PCB block 1 for
controlling the disk drive and an HDA bl ock 9 for record; and reproduci ng
datf. The ROEBtblsicktamcoapd siés Brhsstay, F2 f%%%%ﬁh@@ft%ﬁg[q%os%sfﬁg‘t

system a systemcontroller (control circuit) 3 for transferri ta and
commands ocastlae @it ewnd Fsony ghelRgde T%ay‘é@@ﬁ‘ﬂcé%c%]ﬁtcﬁ?ﬂv%PU Ig‘?rgﬁsaf’f er
menory 4 for holding data or control information, a nptor driver c% cuit 6
for controlflimglata i ofislewst dpoirtaree HOAN 8| BERPE2® tignes ghhakn bﬁN
channel c!rcu!t'7 for controlling data streans faor recaording or
reproduct i duplicdeeHDA blesske @ed THENHDA B1RRCEIcERPIIE bAE 5Pemore
magnetic disks 10 for hol ding data thereon, a spind&e notor 12 for _rotating
the magnet redlickipo, infdhorrwiet g iate 15939 1eoP T BRErBF G a on
or reproducing data fromthe magnetic disk 10 , an actuator 14 for
.suPpo[tlngjhhﬁtnEgnetlc head 11 thereon, a VCM notor 13 for driving the

act uat or , an FPCB 15 for transferring, datgq signals between the netic
head 11 and a prsanphefiethei Fe@ReUES AhaK REL %eér?pﬁf%?‘yegejéi%ﬁf“@ for
anplifying the data signals transferred via the FPCB 15. The PCB bl ock 1
gndf t he HD@ﬁJItg_@klgvérélc%hﬁé@tseﬂ MRORSREFIL Bk P A ECSPGHANY TRES S
erformance indices of the magnetic disk drive of the enbodjnent, such as
the number aufd ravopstsiesnsch? RaENSHiifdIE ot bP~F2a%s @ cWh{je Eﬁéﬁaofo he
magnetic head 11 ( cylinder seek tine ( nunber of magnetic heads 11 ,
nrnberfpfdsetrnm§8péﬂndﬂuﬁfohnﬁﬁémﬁﬂﬁﬂﬁiCWB?§§lf0, %uﬁﬁ@PaSF}zones
classified according to a parameter such as the recording density on the
magnet i c disikeaddfyang rdrorgearin 2@ R (PeSaréQNch the ﬂﬁgﬁétzieg Od]?sk 10.
The performance indices of the nmagnetic disk drive of the enmbaodi yent, such
aﬁ t he numﬁ#eo@rﬁév@Qﬁi%ﬁ%oéﬂlpﬁb%ﬁﬁgﬁl%aHﬁF&FYH??nghFF8HFn Y7 of
t he magnetic head - 21 11 cylinder seek ti,ne, nunmber _of net.
hﬁads 11,l$Mﬂb$@SOﬁVs@ﬁﬁﬁwﬁﬁﬁwt¢?a@Rm RIt IR ﬁﬁﬂﬁﬁiﬁbﬁgsﬁ TB?%%%?%%nber
of zones classified according to a paraneter such as the recording densit
on th?.nagn@iiﬁgéiﬂﬁﬁﬁ)%Smﬁ?§ﬁﬁ%Q§%%%oFB@H B &hsp E?f?@gﬂﬁﬁéh)ethe Y
magnetic dis , are read fromthe magnetic disk 10 by the cantro U~5
via the R \WEhehaefatpr &ai Pe7ras@rdntrot hat@tes, JRdEEE S né-‘f‘?%g

buffer nenory 4 or in a nenpbry or regjster in th
the host device e&terna A connectéaqggtigt %E%tart

and end positions or the size of that area and the number
of times that a duplicate of the data is recorded in that
area or the importance of the data to be recorded in that
area are stored in memory. When a command for writing
the large capacity continuous data such as AV data 1is
received from the host system, the disk drive compares
the recording position information of the data with the
start and end positions or the size of that area stored

in the memory, and reads out of the memory the number

- 13 -



When a command notifying the transfer rate of |arge capacity continuous
"data such as AV data is received fromthe host systemvia the host I/F 2
(step 1 in Figure 3), then as shown in Figure 3 (a) the control CPU 5 reads
fromthe control circuit 3 the reference tinme unit by which the data
‘transfer rate is neasured (hereinafter designated by a variable TU) (step
2), reads the transfer speed of data transferred in unit tinme (hereinafter
designated by a variable DR) (step 3) % reads the sector-bas d,traﬁ%tcer
speed expr efstageshdharmmsidw kbeaticopidhbs drdssie rF&FIFFENi 12t 8 i n
terms of the nunber of sectors (hereinafter desi %na ed b% vari abl e NS)
(step 4) , aaed ogadde Hapnipercef ofr BResdpée dRTt TISTES S a¥i hgSthe
nunber of franes across which data to be transferred jn unjt ti is

di vi ded for traﬁng@rrC(iméim&heema@é@fgﬁf%tdéos}bﬁral%deﬁﬂ%lW§ %?35'5). -
22 Next, as shown in Figure 3(b), the control CPU S5 in'tializeﬁ the zone
nunber (hewbiemafueltiegi §hat ddnge aCoRPLaBIYe (ZN}FlPHQUfoﬁJ@stabﬁ‘ﬁﬁ as
classified according to a paraneter such as the recording depsity o
 magneti ¢ ditgdkdada sdhehaunepethitsines tHa kit AURHbEFRIEENC sféﬁ % i
sets the zone nunber indicating the end position (hereinafter designated by
a vari abl e c2Pac¢ bty heondiiparahat dathe SHEghet§ AYi SR @ ive %%akeét 88“6- 2)

. In the exanple shown in Figure 3 (b) Ois ass{lgned as ZN vvhicht

i ncr enent s bien defer baseagoseatce i theth e @ PRwhR R ERGUMS 3F by Y SERE
control CPU 5 sets the nunber of revolutions of the ﬁjﬁgle nﬁt or 12

(her ei naf t ecassgaat edchyimm Wt palR¥ SS FHrFRELDS atY P heMn&dhet i c

di sk drive has ( step 6-3 ) , and conputes the tjnme that the spindle notor
12 takes t darakd imecdeydingi ansLRELE Wafgtfl@rtlcf‘eéilgﬁéﬁg‘dl‘ﬁ?-a ’is/‘éﬂggﬁ'lrer TR)
(step 6-4 ) . The control CPU 5 next sets the head z&tchi ng qur% rﬁ?ﬂ?m red
to swtch ffamadaeana§neeic IROAF AN E8  ahBENBNMT A Ress i F1ére

recordi ng surface of the magnetic disk 10 (hereinafter designat by a

vari abl e HJupbicasevdlsueadrrdefe Cragme i £ AR SR N & HAE™ §?e% > 5), sets
the cylinder seek tinme required to switch betwee | i nders arranged on the
recordi ng stedaction iRethagHeeiBtdPikiabatotaet (i Fgﬁe’ﬂ?g@% Tder
(hereinafter designated - 23 by a variable CS) to the value that the
magnetic didksHrive has (step 6-6), and sets the number of magnetic heads
11 rmounted in the magnetic disk drive (hereinafter designated h vari abl e
NH) to the val ugwh‘é_gghgntﬁ@gﬁ&qrtewgkgaﬁ' Hae® (&% e&brg%gf??.r ﬁé‘?ﬁ}p%e
control CPU 5 perforns the followi ng processing on _all zones. Fir t he
nunber of sekitdrs ipaentiRk YSRt éi%@gﬁ?:l&‘e i %a?%c? Bﬁcgr\?glrl}%gﬁee ’

whi ch varies fromzone to zone, is set tp the value,that th t1cedi sk
drive has (2R@pa6CeMSeantne nBFHFTerC o‘iﬁl§gcﬂg‘8r §e€fda%3faw%%§ﬁg§%&$ae fn

unit time is converted into the nunber of tracks in the corirtes%%wg&gdzone
(her ei naf t eyadésugnki-eashg Lol vEPFERIt- ) WREDPTB-HOF" N T e 'cont T ol

CPU 5 conputes the nunber of sectors fallin hort of one_trac

(her ei nag}t)efOHeﬁe&l‘Pé:tC@d“%yl%rG% C&h 3 18y ?gpgp}nél-oﬂﬁ,gﬁﬁa gglglsﬁ 25 ST i1
LSis not O (step 6-12). Then, the caontrol  CPU 5 copput es -t he f
cyli nder se@&&at Eﬁtr%%b?’e@n%ﬁoi“r%gﬁé??Fncbe‘élhi:ﬁ ?%gggpﬁgflty rcoglg{sgl)cglrh% ed by

a variable NCS) '(step 6-15), and al so_conputes -t he. nunber of h
swit ches (hEPeiiaf tidte d&LFGndted Sy &L VaFi 6% n?s?egrg-th)ea@clééﬁ, the
control CPU_5 conputes the total, tinme required for, th tg tr ed in
unit tinme t§°Be WS thArHe pc?ﬁécﬂﬁé’neq?régangud;r icgaet? h%ﬁéﬁﬂ%ﬁ g‘spfﬁeﬁéhat ed
by a varl ab\lﬂgi];g)s %y d%lf) 1cn ttehgft gf'}%' lglfr(;jter %Cal%)éagj(?%?scgh@%do@é data

such as AV data successively and repeatedly in accordance

n the
P€ and
nat

)

with the number of times that the duplicateis tobe recorded.

According to the magnetic disk drive described above,
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{, (NT-1) *TR} ( the access tine for the sectors falling short of one track
{(LS/ST)*TR}, the total of cylinder seek tinmes {NCS*CS}, and the total of
head 11 switching tines {NHS*HS} (step 6-17). In this specification and the
drawi ngs given herein, the synbol "*" indicates a nultiplication. Further,
the synbol "0" in step 6-12 in Figure 3 (b) indicates a calculation to
obtain a remainder . Next, the control CPU 5 conputes the nunber of tines
that a duplicate of transferred data can be created in unjt tinme
(her ei naf t @hedesighiated rea hardabferec) hasP bhHRY St lee?ﬁﬁ 67 USPedd of
the data and the earlier described performance indices of the disk drive
(step 6- 18V atata ecor dypiliiqate eAbEBS HATIR FRABBXEF by Yome NBHBer, as
shown in Figure 3 (c¢c) . The table is stored in_the, buffer nory 4, Xt ,
t he controldadRU Su¢hcrendit slaine byan Pg 5@\%6‘{1%1126&80(%53 C%r &Egged to
- the next(step 6-19). If ZN exceeds ZE, it |s determ ned that tae gr essi ng
has been cdms® eveben gifl timeesobkat AhE (PP bt 68ESs LiSs T ndr e8™ MNext ,
the control GPU 5 conputes the snallest value of CC (hereinafter designated
by a vari abire tbdy) wefy aldl Mifa oioked REYRFEY§ TR %r%@l%?"?ﬁt 95t
menory 4. In the exanple shown in Figure 3(c), the CCMis stored in the
| ast entry aofsimgleabrenel¥yi d§SKh8T&®S or each zone so that it can be
easily referenced. The control - 25  CPU 5 sends the to the_haqst
system via the domtherci tbei magngiel hodt sk fravesas FQ ?’ép%ég‘ﬁ?ﬁieng t he
nunber of tines That a duplicate of the |arge capacity continuous.data such
as AV dat a cfahiseipveatd®n Hsﬁ%ad@%g(n%FfLGéglﬁi $Hé Jf%‘éoﬁarlﬁ’ﬁ M55&rati on of
the mirroring RAID system constructed fromthe single magngetic .di sk g;ive
of the firstn@nbodesems dihe HeagReEdG ¢hi sk nkOt 56?‘% i li'?fgh*?% Jedy i
stored in the buffer nmenory 4, but it can also be recorded,on the magnetic
di sk 10. Asvatebenpbeindbovs, inEeBRatd®nt o HIsd Sy S gV ER T& FOE™ he
first enbodi ment, when witing |arge Qapacitg conti nuous, data Euch §§]AV
data, the nimbereePrGing }#ageacandsidal CoP tERY oY £352 cFRSed can’ be

determ ned based on the transfer speed of fhe |arge capacity contipnuous
data such a#apy Jd%tré?%"?ﬂefﬁé‘i“fgf tidiﬁ]‘fjc%g %?t%ﬁarctrgé’n‘é?ﬁ@e&%&
drive, and in this way, a nirroringaﬁng sgste can be achl%ved Qﬁé&@ a
si ngl e magneei étdi $hedrdiek . AFENSadidterfR L 2CPM AN%he® cBhti-Guration of a
magneti c di sk drive according to a second enbodi jent of the p%&s%ptta
i nvention wWier bbeddadiddedParakYalGHYE W ERYAt TR & 6 ence
to Figures 1, 3, and 4. First, when a connang speci fyi ng t he nunpe .%ﬁ
times that eha@npeiscatee draPRPHE CcARRIT yIeBR Pﬁ?ﬁ&d’s *ﬁ%‘? g‘“%%ﬁ%& &(} ata is
created is éggsggﬁhaggTéggdﬂ%%igg%é%?ﬁthargecapacitycontinuous

data such as AV data successively and repeatedly in

accordance with the number of times that the duplicate

is to be recorded.

According to the magnetic disk drive described above,

when writing the large capacity continuous data such as

AV data, a duplicate of the large capacity continuous

data such as AV data can be recordedusingdifferent magnetic

heads in accordance with the number of times that the

duplicate is created, and in this way, a mirroring RAID
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via the host I/F 2, then as shown in Figure 4 the control CPU 5 reads from
‘the control circuit 3 the nunber of tinmes that a duplicate of |arge
capacity continuous data such as AV data is created (hereinafter designated
by a variable NC) (step 12), and conpares it with the small est nunber of
‘times that a duplicate of large capacity continuous data such as AV data
can be created in the disk drive (hereinafter designated by a variable
CCM, as shown in Figure 3(c) (step 13); if NCis larger than %l\/l NC is
set equal bysC@w strepeldfhizved MsiNCE § igarte MMt hest18¥iem’Fia the
control circuit 3 and host I/F 2 as a val ue representlnqﬂ%he nunber %f
times that Budupidmaoeepfevd IRegy oagaeftthesrInebis R ASIARANEEAY
"~ data can be created in the disk drive. Accordi n% to the magnetic disk drive
of this enboditientmaagwenior diiskg drdrite Tabhei t §léoftiPduiataatatauERas AV
data, the nunber of tines that a duplicate of |arge capacity conti nuous
data such as A dasaeisusied ethebhebe nostnd ¥ byn PRETRISNEYRAGHETARd i n
this way, a mrroring RAID system can be achi eved using a single_nagnetic
di sk dri vehe@dEhbodh irense3VveNexto tNproa itdis af#Bhtoltod arafpeti @Editse drive
according to a third enbodi nent of the present invention will be described
bel ow al ongninitdring RhEPasyOhew ChNSEBIEhed Yl rog@renglednagRgtsc - 27
First, when a command specifying the inportance of |arge capacity
cont i nuous ddatla dutheas AV data is received fromthe host systemvia the
host I/F 2, then as shown in Figure 5 the control CPU 5 reads the
i mport ance of | @huethepacthy semmefubusddgkadsddle &8 ANYRSE (REPEPIS t er
designated by a variable LV) (step 22) , reads the maxi mnum val ue of the
i mpor t ance af thar feveagdsin ysesnaimaduetistdl shAs 4 AGCHIH LY REFH t er
desi gnated by a variable W) (step 23), conpares it with CCleaomn ir%
Fi gure 3(c)arabdacoppstss tlte magbetist disestenaeasd QpIvehte dand
created per inportance of units (hereinafter designated by a variabl e VO
(step 24) ,vaoimpustesinfe afinbefornatiivss Whar SLRIEITR & wrideFegmedd
(hereinafter designated by a variable NC) corresponding to the speciR}ed
i mpor t ance fst epe2dydinand aeger cepac ey t peN e E HTIi §UCRe FodtY I/ F 2
(step 26) . According to the nagnetic disk drive of this ﬁnbodi nment é{\/nen
writing | ardetaapaciage tondi freustiate stdPECar e a2ty EREES T ti mes
that a duplicate of large capacity continuous data such as,AV data is
created cantbeitet theordiske A5dVesyalckeByCePRLEIMY F B L hFoAHite® of the
| arge capacity continuous data such as _AV data, and in this way, a
mrroring RM DR sybtghecanckeraérirefd® dSinuf &@%‘@F*éynﬁaﬂgﬁin&l%#%lgadﬁ? ve.
(Enmbodi nent 4) - 28 Next, the confiquration of magnetic di sk drive
accor di ng teuahf agr AN &efedi reht tes ?hguﬁlléé’@rﬁei?]geﬁgoﬁl%gme & dedtri bed
bel ow along with its operation with reference to Fi%ures 1, 3, v’;\n(g 6.
First, whenfarcsheanddsgecriprad thhe R BANPER S S&5rdli RYCharGe Aapidtiy
continuous data such as AV data and al so,specifyi t he i npar.tance .of the
data or theswnagessisfely msed tirpeatadpli éat 8C6PY %%t"él&é) UredtHPTE
received fromthe host systemvia the host I/F 2, then as sho in Figure
6(a) the confr simemy Bhakaber CorkHeR EBntrolt it UF ECSEERE - er by which

the area for recording the |arge capacity cgntinuaus data such.as AY.data
is to be divi dedAeﬁ@rréimtt@rtgés*iﬂ@ﬁ&@édwo;?la?‘ilaﬁla‘iﬁ eﬁﬁ)“ti%?%pas%%?/‘?'
initializes the nunber used to determ ne whether informati Qn relbzlslt' ng to
al| the ar cHbeRadHdelNg ehCodR IR rCARAFELY S8 THANRY ShY ard a1 4RI €50) to
O (step 33) , and repeats the follow ng process as long as C.is equal to or
smal | er thaAVNdata rs2, dvRéicaie 1t 5 leddfs ‘?‘?Bﬁ?%ﬂé’ @@rﬂqjorllu%\lscui t 3
the start position of the area for recordi ng th arge cag)ac' tr}/ con&jcguous
data such adaikg daeh (derBVndeiter RRiBRate SO vali 86F rI§§) 15tép35),
‘records it in a table that is indexed by area nunber as shown in Figure
6(b), readsthre e opsPti SAMETerEidbf Fé? FERGHEEER By §ARTH reagé)

step 36), records it in the table that_ - 29 . .
( P ) in this way, a mirroring ID system can be achieved using
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is indexed by area nunber as shown in Figure 6 (b) , reads the nunber of
‘times that a duplicate of |arge capacity continuous data such as AV data is
created (hereinafter designated by a variable NC) (step 37), conpares it
with CCM shown in Figure 3(c) (step 38), sets NC equal to CCMif NCis
larger than CCM (step 39), and enters this NC as the nunber of tinmes that a
duplicate of large capacity continuous data such as AV data can be created
in the present enbodinment, into the table that is indexed by area nunber as
- shown i n Figuwrng]b) maBhmetiint ol hBki 8F1edi cating the start position and end
position of the area for recording the Iarge capaci ty conti nuous datla such
as AV data nay ifstelaer bethef meme oic | HFBafrAg s RS SRt HbsFERBR *&hd
| ength of the area. Further, the nunber of tinmes that a dyplicate.of |arge
capacity carnf theolsveatd uskessa MpgRehlirLdtibitsa %?OFagpgaraeﬁéWe
i nportance of the data. During the nornal operation of the mrrorin | D
syst em constndiczedefsed ttHee shagnetdsg sk BP skear & d‘f“ﬁ?sdéﬁ‘gog)l nt
the table of Figure 6(b) is stored in the buffer nmepory 4, but it can,also
be recordedvaniohe kiagdst P dnsRrmatiRortagetd Wﬂgnnﬁgﬁ%?gccfif“g‘l?ndjri ve
of this enbodi mrent, when witing |arge capacity continuoys, data such as AV
data, the nimberepfodumanyg hhargedganat ey oF ORI HaLFty SUSE 25
continuous data such as AV data is created can be set fr t he host_ system
for each arkadarta he rempicred féﬁ0§k1,'—h§@Q%@ef’ﬁ€ar%’élﬁéifpégrrﬂync?ﬂ@.ercécceo#ldi ng
capacity can be mnimzed in the mrroring RAID ?E%taﬁem construct on the
singl e magreei ttdi $K drm \RSCEERDB@STETHC TS RERL 1 vt RELHNTRGEr &0 on'%f a
magnetic disk drive according to a fifth enbodi ment %h pr esent
i nventi on whé&kgbeca®aerBed oot sWIAMNSNGaka B 1ER %ﬁe& t Bﬁawi tec‘r%ere
to Figures 1, 3, 6, and 7. First, when a command for re00£gi ng,l arge
capacity cohsihuensienzedutn A5eANQEE a5V S tRBEeiUedhT oRFERE Ms¥tTsyst em
via the host | /F 2, then as shown in Figure 7 the contyrol gru 5 reads
fromthe cohfreh GuRAK tOBCERE HPHEEAD OACERE Smaghetd ed{ﬂgkt S WAt he
recording of the data is to be started (hereinafter desiggnat ed

b
vari abl e TSAppestidy 3ontireads dREan it dF BBctdFe usE8™t &%t €%co$%s?he

data (hereinafter designated by a variable BL) ( step 52) , and finds_the
address at whircHde e RREHTR MY QS Eih’@ldleﬁaatf?gatt@ B& @Bﬁéée‘lt%%l C(aﬁear%%ﬁ%fter

designated by a variable TEA) ( step 53 ). . Next, the contral U.5_r eads
the nunber ebntilmaruhadahadspiacae ¥ dpést of (%?%?ﬁgat’erandgspjffgnaa ed by

access has successfully been made to the duplicate data

aetfaence

of tﬁe large capacity continuous data such as AV data,
the data is transferred to the host system. Further, when
theduplicatedatasectorcorrespondimgtotheerrorsector
has been read out correctly; the correctly readout data
is written over the error sector so that the data can
be read out correctly the next time it is accessed.
According'to'theznagnetic‘disk.drive described above,
when reading the large capacity continuous data such as
AV data, if a read error occurs, correct data can be read

from duplicate data of the large capacity continuous data
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a variable NC) for the data witing area by referring to the area
‘managenent table shown in Figure 6 (b) . Next, - 31 the control CPU 5
and control circuit 3 store the data transferred via the host I/F 2 into
the buffer nenory 4, and the data is witten to the magnetic disk 10 via
the control circuit 3 and RFRWchannel circuit 7; here, if the value
obt ai ned by subtracting 1 fromNCis not 0, a duplicate of the data stored
in the buffer nenory 4 is witten to the next contiguous aref?on t@e
magneti c dissichl@svity decaomn@l 1riteupt WaYand REWOFATHEIRET? WWET9™ The
control CPU 5 and control circuit 3 continue to wite a duplicate of the
dat a storedan1heuﬁ¢hiéﬁeanﬁ#®g4at51@Q&¢sﬂﬁ%@%ﬁéﬁtQﬁéki VS area on
the magnetic disk 10 via the control circuit 3 and RFWchannel circuit 7
until the value obtained by subtracting 1 from NC becones 0. -By using the
magnetic disk drive of this enbodinent, it becones possible to

aut omat | caBRIER cRESCRIBIFION LB RHENDRAWINGS | arge capacity conti nuous
data such as AV data, and thus a mrroring RAID sXsten1 n be gchiev&d
using a single meEgNEte cldisk addIaIraENBEIHE B ReRE 1 IHe? toRPi §drati on
of a magnetic disk drive according to a _sixth enhodi nent of the_present
i nvention & Imadyeedies cAi BEdABdvGy 2 AWM Eh TPt § &5 aty P thtgéf ‘ence
to Figures 1, 3, 6, and 8. - 32 First, when a,c nd for.recqrding

| ar ge capa@QQﬁthntfﬁﬁﬁﬁs(ﬁﬁ%ﬁ%ucﬁe&§qﬁbdaﬁﬁdi§ldﬁggiﬁﬁp??6WFp%€ host
systemvia the host I/F 2, then as shown in Figure 8 the control CPU 5
reads fromafhetleenpreisesit citYeBLERE -address on the magnetic di sk at which
the recording of the datais to be started (hereigafter esigngted gy a
variabl e TSA) (Ftieguse) 2, isead I HBT AT OIS eEPEr §015§ng09‘& 2Fe00r ¥t he
data (hereinafter designated by a variable BL% (step 62), and finds the
address at avprhorharitedoriPgleg HidHatvSTFsMto be conpl eted (hereinafter
designated by a variable TEA) ( _step 631%}. hbxi,,the control CPU. 5 reads
the nunber of tiFeGUrRad 4SdubldEageams el ehdr&chatier CBEEAHARd by
a variable NC) for the data witing area by referring_to the area
managenent Q&bhe BAGWE HLT Figlrer 6VB)2¢SPEH184) tO t&@%ﬁ}rﬁﬁee@ﬁﬁﬁﬁ&eﬁu 5
and control circuit 3 store the data transferred via the host I/F 2 into
the buffer o®nbhg BPreffnt heNUEN&L witten to the magnetic disk 10 via
the control circuit 3 and RIWchannel circuit 7, here, if the valye
obt ai ned by subtFi@urag 41 s oin NERPE LI QE SXRUALTEAS RSt RBSEA O
transferred via the host I/F 2 is witten to a different recordin %yéface
of the rragr@frc@%m%gn@@l@t%%%"?@8&%4@%&%%%5%% e@éﬁgl gnet i c
disk 10 or a recording surface of another magnetic disk 10) by changing the
magneti c heafisthe present invention.

Figure 5 is a diagram for explaining the operation
ofthenmgneticdiskdriveaccordingtothethirdembodiment
of the present invention.

Figure 6.is a diagram for explaining the operation
ofthemagneticdiskdriveaccordingtothefourthembodiment

of the present invention.
Figure 7 is a diagram for explaining the operation

ofthenmgneticdiskdriveaccordingtothefifthembodiment

of the present invention.
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-, 33 ., The control CPU 5 and control circuit 3 continue to wite a

. "duplicate of the data stored in the buffer nenory 4 by changi ng the
magneti c heads 11 until the val ue obtained by subtracting 1 from NC becones
0. By using the magnetic disk drive of this enbodinment, it beconmes possible
to automatically create a duplicate when witing | arge capacity continuous
data such as AV data, and thus a mrroring RAID system can be achi eved
using a single magnetic disk drive. (Enbodinent 7) Next, the confjguration
of a magnetic dFsloudre v@& hecar Giifgnan af Sbv e %Hgnﬁﬁg(ﬁp?ﬂ%£8985ent
invention will be described bel ow along with its operation with reference
to Fi@ue50£t3¢mag%mﬁlgd¢$¥§ﬁlW%éEQQ%é%W§&?FB?%%%BP&WEP?%?GBt
capacity continuous data such as AV data is received fromthe host system
via the hosif I¥ire orepralf A9%EHOWHORn Figure 9 the control CPU 5 reads from
the control circuit 3 the address on the nagnetic, disk al whi ch the
recording of th&idaizeil i6 Be Sag¥an LR&r &X¥RAFE LRLBLsiTGTat ¥ by “aon

vari abl e T%@é (step 71) , reads the nunber of sectgrs sed to rg ord the
data (hereiofafthe Begngidted 15K adviVraRE B +pdt &P f%be S9ha™ H'nds the
address at which the recording of the data is,to be conpleted (hereinafter
desi gnat ed empedimensbpd e preseptz3inventian.  Next, the control CPU 5
reads the number_ of tinmes that a,duplic%ég is cieated qi{einafter. 0

desi gnat ed by aRigiadl EONEP RoflleRE adati I F¥Pngt 5Y'¢ FRPF YO t he

area nmanagenent table shown in Figure 6(b) .(ste 4) . t. the.contro
CPU 5 and «dhthemagnehit i s drd Emcd Fah&%ﬁgftg"r%%agg% ?‘H%Oﬁ&‘terﬁ‘# 2
into the buffer nenory 4, and wite only one sector to the magnetic di sk 10

via the comf othei pegisens aHVeRWeRannel circuit 7: here, if the val ue

obtai ned by subtracting 1 from NC is not O, i.cate of -the data stored
inthe buff@?E%‘é%P?I@?\l @%T@@eﬁEggRthﬂegﬁMgg‘ Sduous sector. The

control CPU5 and control circuit 3 continue to wite a duplicate of the
data stored i P¢ReBb®er nenory 4 to each subsequent sector until the

val ue obtai ned by subtracting 1 from NC beconmes 0. Wen the val ue obtai ned
by subtractd ng2l-f HOHING Hecomes 0 , if the val ue obtained by subtracting 1
fromBL is not O, the control CPU 5 and control circuit 3 reset NCto the

initial vallie 4Ad PENYGIMR prbREYSTng to write the next sector. Wen the

val ue obtained by subtracting 1 fromBL beconmes 0 , the control CPU 5 and
control cirtui$23 P&ﬁﬁﬁﬁu%@ﬁﬂgYprocess. By using the magnetic disk drive
of this enbodinent, it becones possible to automatically create a duplicate
when writiny- | 4fge CORPFRD® y“BYnt i nuous data such as AV - 35 data, and

thus & m rrpri g BY BRUR ARG 2o eved

7. R/W CHANNEL CIRCUIT

8. CONTROL SIGNAL LINE AND DATA SIGNAL LINE
9. HDA BLOCK

10. MAGNETIC DISK

11. MAGNETIC HEAD

12. SPINDLE MOTOR

13. VCM MOTOR

14. ACTUATOR

15. FPCB
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usi ng ,a single magnetic disk drive. (Enbodinment 8 ) Next, the configuration
‘of a magnetic disk drive according to an eighth enbodi nent of the present
invention will be described below along with its operation with reference
to Figures 1, 3, and 10. First, when a command for reproducing |arge
capacity continuous data such as AV data is received fromthe host system
via the host I/F 2, then as shown in Figure 10 the control CPU 5 reads from
the control circuit 3 the address on the nagnetic disk at which the
reproduct i di6 .ofPREAMBEIE IER tGlReUETarted (hereinafter designated by a

vari able TSA) (step 91), reads the nunber of sectors used to record the
dat a (herei2faf tGONTBELGES ed by a variable BL) (step 92) , and finds the
address at which the recording of the data is to be conpleted (hereinafter
desi gnat ed 25y. MAGNREEBCe DIFEAN)I(Btep 93). Next, the control CPU 5 and
control circuit 3 read the data stored on the magnetic disk 10 into the
buffer . néfor WMHGNEZICh® IWKNVRREWKel circuit 7 and, if there is no error,
transfers the data stored in the buffer nmenory 4 to the host systemvia the
host I/F 2. If an error occurs , the control CPU 5 reads the nunber of
times that a duplicate was created when witing the - 36 dat a

(her ei naf t &E YR MQRBL E@RO)F%}%’éFNQbpgTNéjH%yINgFQFIIp% to the area
managenent table shown in Figure 6(b) (step 96). |If the valu obta'n%P by
subtracting 1 frFombm@imgnﬁ@tOﬁ,tl’ﬁ'l@r@@rﬁrr%lln(flﬁ@%l%d’ﬁolngleo eﬁFF&&et 3
read the data of the error sector fromthe area on the magnetic disk 10
where the dwpléearvdths nafreRde i0d afE9he readout data in the buffer
menory 4; here, if there is no error, the data stored in the buffer nenory
4 is transf@meddinenite INost systemvia the host I/F 2. |f an error occurs,
the control CPU 5 and control circuit 3 repeat, the aboye, operation .until
the val ue obt ai ridte lyorbboragtinp P& comatPetomtsSh GF 1URt FFCRECE Ehn be
read out without error fromthe area where the dupl,cate is_recqrded. \Wen
the data istoeadfoustniateRAIBERSr Ofr dTHE HRr §FER twHe R htCRuP dat i s
recorded, the control CPU S5 and control circuit 3 wite Ihg correct data to
the error sdeseribeg lps kW taéonrggiétit HESKORRFFE 1O ' SR ehG6GTRES it
an error occurs when reading |arge capacity data such as AV data, correct
data can bete eBdguee s rlonrd®Pe3area where a duplicate is recorded, and be
transferred to the host system and in this way, a mrroring.RAI D system
can be achi eved Bisgngealsi g @lr%éh@tjia&l@@l@kbg‘f’%’ég J%Eeo‘é%%??'gél&agb]o ,

according to the magnetic disk , , . .
of a mirroring RAID system using a single magnetic disk

drive according to the embodiment of the present invention.
The magnetic disk drive of the embodiment comprises a
PCB block 1 for controlling the disk drive and an HDA
block 9 for recording and reproducing data.

The PCB block 1 comprises a host I/F2 for connecting
to a host system, a system controller (control circuit)
3 for transferring data and commands or status to and
from the host system, a control CPU 5, a buffer memory
4 for holding data or control information, a motor driver

circuit 6 for controlling various motors in the HDA block
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- 37 , drive and its control nethod in each enbodi nent of the present
-invention, when recording AV data or other inportant data, a plurality of
duplicate copies of the data can be recorded on a single magnetic disk.
Furthernore, by varying the nunmber of duplications according to the
‘inportance of the duplicate data, the reduction in the ambunt of data
recordabl e on the nagnetic disk can be mnimzed. Further , when readi ng AV
data or other inportant data , if an uncorrectable error occurs, data free
from error 9camn8en B(® obenme I eddiovd a7 duer icoiterot Lihg data FTbrfeRe
plurality of duplicate copies recorded on the single magnetic_ disk.
Accor di ngl ¥ .cemimeEx@eas ngewin reeh hgdRALDOSY sifente@ntipé kutted using a
single magnetic disk drive. In the magnetic disk drive according to each
enbodi nent of t AhepHeFerntldak chi¢@NPTIEES ENEaLNGOF TRIRAEEC EhaKSunber
of duplications that can be produced in unit tinme can be determ ned based
on the per fldr flandeo 1 ddngedabé thheraagnet isk ididke dater 1hferneRtehenés f ect
of minimzing data dropouts when transferring |arge capacity_continuous
data such aheAvhaigbattladirsyul? esonke o st @ rmagng ticedtgd Bedl AmdGrit  of
data within a finite tine. In the above enbodi nents, the performance
i ndi ces of ndm nagngt detdi sk drF veeRaPE UsEED deaEpi BE@Ta < ARERPRE1C 38
t he number of revolutions of the spindle motor 12 , switchin ting of  the
magnet i ¢ hetidsk 110 cyaindetusdeke tl4ref 0 hFBRPOST IR idie dnch%%%%l?l, Sichber
of sectors per track on the magnetic disk 10, and nunber of zones
cl assi fi ed laccoreragnto s Y aneter ddcH s AREViBSo G HERREPY dift 1 he
magnetic disk 10 , but the performance indices of the magnetic disk drive
of the presenFPCBRENEPaTt maes et Hing dagatsvl ghass R Liean I5GB2IBRIL: Dar t
of those |isted above may be used or the nunber of magnetic disks 10 , etc
may be intaddd Bnd aeperhplidice cAdiccEst Litn sher Eheint eMBPha§A&S ¢
di sk drive of the present invention, the nunber of times that transferred
data can becituphitafléd Faor ampdidydigd sthiet @pkpnsd Bised BRPAE SFEHTDr mance
i ndi ces of the magnetic disk drive and on the transfer speed of the data
transferredviaobhenF&dFerhal device. In the above-described embodi nents,
the host I/F 2 has been used as an exanpl e of receiving neans in the
magnetic di sk drive BEBt bdqstesknenindt ithP Pheckadnéti® HAASFH5hd
preanplifier circuit 16 as an exanpl e of_recording nmeans, and the control
CPU 5 as arbexaepteodf anddataf sdwsiakat E088t &-recordabl e-ti mes conmputi ng
means. The host I/F 2 is also used as an exanple of .conr qic tion n%gns.
Further, the naghetferaisicalrindieesedh EHJaraBRTELC g{us rive o

the embodiment, such as the number of revolutions of the
spindle motor-12, switching time of the magnhetic head
11, cylinder seek time, number of magnetic heads 11, number
of sectors per track on the magnetic disk 10, and number
of zones classified accordihg to a parameter such as the
recording density on the magnetic disk 10, are recorded
in a specific area on the magnetic disk 10.

The performance indices of the magnetic disk drive
of the embodiment, such as the number of revolutions of

the spindle motor 12, switching time of the magnetic head
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of the invention may be configured so that the duplicate data is recorded
in an area which is located nearer to the outer dianeter of the magnetic
disk 10 as the nunber of tines that the data is actually recorded
increases. For exanple, the recording area for recording the sane dat a-by
duplicating five tinmes nmay be | ocated nearer to the outer dianeter than the
recording area for recording the sane data by duplicating three tines is.

Carry out tHer FUHGIGHS SIS, BATE G SABRRBRTS b PRE AdonbbBod sk
the. comput & S84 60 aPeFof “eIds fBarh o FBSFortsth 151 ot G0c BCLBRE of
the plurality of nmeans or some of the functions in one of the nean%héA
conput er r EHHAPREF o€ bRFSAT 1R AHT W EAPGhd O Lo§PHATST CEhe® PRt Gh
recorded thereon is also included in the present.invention. In one
utilizatiorF ¢@eEdbPAIRNpE EYdhtBF f‘tar%n?hg@ﬁfli%ﬁ}bv brogrent ﬁﬁ?rﬁle?d
Col | abor at 1m ThehSPREIGOMpAERE PR 46t M SREELEL S ModeREF: EREDr ogr am
of the from the magnetic disk 10 by the control CPU 5 via the
R/W channel circuit 7 and control circuit 3, and stored
in the buffer memory 4 or in a memory or register in the
| control CPU 5.
When a command notifying the transfer rate of large
capacity continuous data such as AV data 1is received from
the host system via the host I/F 2 (step 1 in Figure 3),
then as shown in Figure 3(a) the control CPU 5 reads from
the control circuit 3 the reference time unit by which
thedatatransferrateisnmasu;ed(hereinafterdesignated
by a variablelTU) (step 2), reads the transfer speed of
data transferred in unit time (hereinafter designated
knravariableDR)(step3),readsthesector—basedtransfer
speed expressing the transfer speed of data transferred
in unit time in terms of the number of sectors (hereinafter
designated by a variable NS) (step 4), and reads the number
of frames per unit time indicating the number of frames
across which data to be transferred in unit time is divided

for transfer (hereinafter designated by a variable NF)

(step 5).
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ihvention, the programmy be transmtted through a - 40 transm ssi on
‘medium read by a conputer, and operated in collaboration with the
conputer. The recording nmediumincludes a ROMor the like; and the

transm ssion medi umincludes a transm ssion nedium such as the Internet,

i ght waves, radi o waves, or sound waves. The conputer of the invention
descri bed above is not limted to pure hardware such as a CPU, but may
include firmvare, an OS, or even a peripheral device. Further, as described
above, the conf Ngeitat idh PROVRe immekdi®n #dP)be tpl erRhted iGFSot tware or
in hardware . POTENTI AL FOR UTILI ZATION I N I NDUSTRY As is apparent fromthe
above descingtiignlizes phes&sng nveRPesn (herieatbepr ARSI A HagnBYi ¢ di sk
drive that can construct a mrroring RAID systemw thout having, to use any
additionaladMﬂ&kﬁbb@sZNé,r@QﬁcﬁQ@eﬁePﬁé@QWﬁlq%%bﬁé?ﬁg@%%QF Fhio
magnetic disk drive , and a reproduction nethod for reproducing data from
the magnet ecprairsiknafig¢yesuch a9 the recording density on the magnetic

disk 10, so that it points to the start posifion (step
6—1), and sets the zone number indicating the end position
(hereinafter designated by a variable ZE) to the value
thatfhenmgneticdiskdrivehas(step6—2). In the example
shown in Figure 3(b), 0 is assigned as ZN which increments
in increasing order.

Further, as shown in Figure 3(b), the control CPU
5 sets the number of revolutions of the spindle motor
12 (hereinafter designated by a variable SS) to the value
that the magnetic disk drive has (step 6-3), and computes
the time that the spindle motor 12 takes to make one
revolution (hereinafter designated by a variable TR) (step
6-4) .

The control CPU 5 next sets the head switching time
required to switch from one magnetic head 11 to another
to access a different recording surface of the magnetic
disk 10 (hereinafter designated by a variable HS) to the
value that the magnetic disk drive has (step 6-5), sets
the cylinder seek time required to switch between cylinders
arranged on the recording surface of the magnetic disk

10 to access a different cylinder (hereinafter designated
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- -~~~ WHAT IS CLAIMED I'S: 1. A magnetic disk drive conprising:

‘recei ving neans of receiving data transferred froman external host device;
one or nore nagnetic disks for recording said data thereon; and recording
nmeans of recording said data on.said magnetic disk or disks, wherein said
magnetic disk drive further conprises:

nunber - of - dupl i cat e- dat a-recor dabl e-ti mes conputi ng neans of conputi ng,
based on the transfer speed of said data transferred from sajd external
host devi cbvared omr pabler ffced neeeyadnigqud d® SAPdMREGIRt 1 98K drive

t he nunber of duplicate data recordable tinmes representing the n%nber of
times that dgdive thansfetesd &dtla candbs St dritR dRPRPEEpIGc d82IBRTLSi d one
or nore magnetic disks; and control nme s-of controlling said recorging
means so t hatadill dmlantﬁdnsﬂeﬁh@dmfar%kﬁ%hﬁ?odéﬂ(egﬁélvendg’(e%%%’?%g Wil | be
recorded on said one or nore nmagnetic di sks a nunber of tinpes that does not
exceeds saidesiaetedfbydpiagstad batdl )k écothgny 8 luenklasorBtBYIBF L4 d
nunber - of - dupl i cat e- dat a-recordabl e-ti nes conputing nmeans. 2. A nagnetic

di sk drive ddsslsedrivet haisn @te®pn @777 -42 further conprising notifying
means of notifying said host device of said nunber of duplicate data

recordabl e ti medNeovhputed bpnddial nehBep- eRXdHI T atReddCd- Yt dabl e- ti nmes
conmput i ng neans, and wherein ,
. processing on all zones. First, the number of sectors

pertrack(hereinaftardesignatedbyeavariableST),which
varies from zone to zone, is set to the value that the
magnetic disk drive has (step 6-10), and the number of
sectors of data transferred in unit time is converted
into the number of tracks in the corresponding zone
(hereinafter designated by a\variable NT) (step 6-10).
Next, the control CPU 5 computes the number of sectors
falling short of one track (hereinafter designated by
a variable LS) (step 6-11), and adds 1 to NT if LS is
not 0 (step 6-12). Then, the control CPU 5 computes the
number of cylinder seeks that occur when transferring
data (hereinafter designated by a variable NCS) (step
6—15), and also computes the number of head 11 switches
(hereinafter designated by a variable NHS) (step 6-16).
Then, the control CPU5 computes the total time required
for the data transferred in unit time to be written to
the magnetic disk drive (hereinafter designated by a

variable TT) by summing the total of track access times
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said host device is a device that, in response to said nunber of duplicate
‘data recordable times received fromsaid notifying means, can send an
instruction specifying the nunber of times that said data is to be recorded
in duplicate on said one or nore magnetic disks , and said control neans
performs said control based on said instruction received fromsaid host
device. 3. A magnetic disk drive as set forth in claiml, wherein said host

device is a device that also sends information signifyin ta inportance
t oget her wi{t(lNTsal)d*TRéms’@é?r%@cﬁéﬁa?l’éﬁdf%éitd“%oﬁﬁqwgﬁe%ﬁfbagf%ﬁ% sai d

control based on said information signifying said data inportance received
f{onlsaid ﬁd%ﬂnuévtééCk4i(AfhﬁﬁﬁbfTB?di§%“H%Vv%a%s°§epyﬂdﬁi T n°&Hfy one of
claims 1 to 3, further conprising area splittin ns af Jitting a data
recordi ng &d&@eon{ NG 4CHagnenic %ktq%%g %%phﬁggriaysﬁﬂﬁﬁ' d éﬁ@eﬁherein
- 43 said control neans perforns_said,control, so that said ta will be
recorded i iMNeECHI®E $aE@PsAi%7 lareak BR1A ﬁﬁﬁﬂ&f&?ﬂ %QndﬁQﬂ;ghﬁset forth

inclaim4, --- . . _
drawings given herein, the symbol "*" indicates a

multiplication. Further, the symbol "%" in step 6-12 in
Figure 3 (b) indicates a calculation to obtain a remainder.

Next, the control CPU 5 computes the numbér of times
that a duplicate of transferred data can be creatéd in
unit time (hereinafter designated by a variable CC) based
on the transfer speed of the data and the earlier described
performance iﬁdices of the disk drive (step 6-18), and
records it in a table that is indexed by zone number,
as shown in Figure 3(c). The table is stored in the buffer
memory 4. Next, the control CPU 5 increments ZN by 1 to
advance the zone to be processed to the next(step 6-19).

If ZN exceeds ZE, it is determined that the processing
has been completed on all the zones, and the process is
terminated.

Next, the control CPU 5 computes the smallest value
of CC (hereinafter designated by a variable CCM) of all
the zones (step 7), and records it into the memory 4.
In the example shown in Figure 3(c), the CCM is stored
in the last entry of the table carrying the CC for each’

zone so that it can be easily referenced. The control
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wherein said control nmeans perforns said control so that said data wll be
Tecorded in said each area which is |ocated nearer to an outer dianeter of
said nmagnetic disk as the nunber of tines that said data is actually
recorded increases. 6. A magnetic disk drive as set forth in any one of
claims 1 to 3, wherein said data recorded in duplicate is recorded on a
different one of said nagnetic disks or on a different recordi ng surface of
the sane magnetic disk. 7. A magnetic disk drive as set forth in an{ one of
claims 1 t&PY wrewrta thied (M ate cEBRIBO ST WPEERaVed $HRcePBEECin
contiguous sectors of said magnetic disk. 8. A magnetic disk drive as set
forth in asyrsnelef3 and heisd gn’éFl-2 t3S 3 VRditheerigngr i Rg: thepreBheitng
means of reproducing data recorded on said nmagnetic disk or disks; and
second conprfoltlmgh@ft aoRupsiicats o dheeprsdivc LA afang SN RANOPS an
error occurs when said reproducing neans is reading data stored on said one
or nmore magledld cswckkas AN Aatrntababe sugwtedt ANt e Guskedizave read
error is read froma place different fromthe place at - 44  which said
read error occuPvgdn®. thedaramade aRRRFLACOhGE corprinsragring RAID

receiving data transferred froman external host device; conputing, basea-
on the tramssdren peedserusdiar dbt amt thesfEm@he f PeAnedilF ¢dd eF ndrF 1¥Sst
devi ce and on performance indices unique to said magnetic¢ disk drive, the

nunber of @dplteatBlaata R HEGONE PENENS epRBSBALLRY (TRE nbABER 6F ti mes
that said transferred data can be recorded in duplicate on one or nore
magnet i ¢ difsi@uirand(c) ipesdodiary dnithadbaitedn SN ed 4rdisaird &R%%r nal
host device on said one or nore magnetic di sks _a nun%Fr of times that does
not exceed$ s dRurBEPTGCH N | EAgemagnetic disk 10.

As described above, according to the magnetic disk
drive of the first embodiment, when writing large capacity
continuous data such as AV data, the number of times that
a duplicate of the data is created can be determined based
on the transfer speed of the large capacity continuous
data such as AV data and the performance indices of the
magnetic disk drive, and in this way, a mirroring RAID
system can .be achieved using a single magnetic disk drive.
(Embodiment 2)

Next, the configuration of a magnetic disk drive
according to a second embodiment of the present invention
will be described below along with its operation with
reference to Figures 1, 3, and 4.

First, when a command specifying the number of times
that a duplicate of large capacity continuous data such

as AV data is created is received from the host system
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data recordable tinmes. 10. A data reproduction nethod wherein if a read
‘error occurs when reproducing data that was recorded on said one or nore
magneti ¢ disks by the data recording nmethod described in claim9, data
identical to the data that caused said read error is read froma pl ace
different from the place at which said read error occurred. 11. A program
for causing a conputer to function as all or part of: said receiving neans
of receiving data transferred fromsaid external host device; said

recordi ng Meendhet heebri hg? safieBats shovm dn FAgUre HeghetFeNEFSK or

di sks sai d nunber-of -dupl i cat e-dat a-recordabl e-times conputi ng _nmeans of
comput i ng, FA5Edr6d dshd nahAdTe CUYeeRl FFikardtaat B e ]Pglrrgg FHBmSsai d
external host device and on perfornmance indices uni%ue to sajid nagnetic

di sk drivethafe audpel isptqum | chd E98afaPesclor HabPR tEME § ééﬁ%@egfl? t he
nunber of tines that said transferred, data can be recorg d in dupljcate on
sai d one oPSOVAFRGNES IcE h BRY: (DEee $8R 4 tEEnE PRSI ISR %Y @o‘(ﬁ‘?gfibﬁﬁg sai d
recordi ng means so that said data transferred,fron$said ternal host

devi ce wi | NQe tek8Pdéd)an 3l CHRREEE Sndre WalghetRE § & hunBBPesT

times that does not exceeds sai d, nunber of , ,
of times that a duplicate of large capacity continuous

data such as AV data can be created in the disk drive
(hereinafter designated by a variable CCM), as shown in
Figure 3(c) (step 13),; if NC is larger than CCM, NC 1is
set equal to CCM (step 14), and this NC is sent to the
host system via the control circuit 3 and host I/F 2 as
a value representing the number of times that a duplicate
of the large capacity continuous data such as AV data
can be created in the disk drive.

According to themagnetic disk drive of this embodiment,
when writing large capacity continuous data such as AV
data, the number of times that a duplicate of large capacity
continuous data such as AV data is created can be set
fiom the host system, and in this way, a mirroring RAID
system can be achieved using a single magnetic disk drive.
(Embodiment 3)

Next, the configuration of a magnetic disk drive
according to a third embodiment of the present invention
will'be described below along with its operation with

reference to Figures 1, 3, and 5.
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duplicate data recordable tinmes conputed by said :

‘nunber - of - dup! i cat e-dat a-recordabl e-ti nes conputing neans, in the nmagnetic
di sk drive described in claiml1l. 12. A programfor causing a conputer to
function as all or part of: said reproduci ng neans of reproduci ng data
recorded on said magnetic di sk or disks; and said second control neans of
controlling said reproduci ng neans so that if an error occurs when said
reproduci ng neans is reading data stored on said one or nore magneti ¢ disks
. data identicaF it hewldghaat ameandedPecdd Yingafher dqiP Bt rdPCPs Ofead
froma place different fromthe place at which said read error ocgurred, in
the magnet l@ s icand bt Hes@REhBYOUS Sediansgich ag7AV data 1s received

AN AS. A@ . AA A A A A ACA AAS A AA A LA LA AA A AA AA ATA A{. AU Ah. A A A
h. A A{. AS. Aram Adpe ApOAA. AV SCHNAVLASF Ehe fost . N F. A/, A9 9DesDcPPORES

in Figure 5 the control CPU 5 reads the importance of
large capacity continuous data such as AVdata (hereinafter
designated by a variable LV) (step 22), reads the maximum
value of the importance of large capacity continuous data
such as AV dafa (hereinafter designated by a variable
MV) (step 23), compares it with CCM shown in Figure 3 (c)
and computes the number of times that a duplicate can
be created per importance of units (hereinafter designated
by a variable VC) (step 24), computes the number of times
that a duplicate is created (hereinafter designated by
a variable NC) corresponding to the specified importance
(step 25), and reports it to the host system via the host
I/F 2 (step 26).

According to themagnetic disk drive of this embodiment,
when writing large capacity continuous data such as AV
data, the number of times that a duplicate of large capacity
continuous data such as AV data is created can be set
from the host system by specifying the importance of the
large capacity continuous data such as AV data, and in
this way, a mirroring RAID system can be achieved using
a single magnetic disk drive.

(Embodiment 4)
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information relating to all the areas has been read out
(hereinafter designated by a variable C) to 0 (step 33),
and repeats the following process as long as C is equal
to or smaller than NV.
First, the control CPU 5 reads from the control circuit
- 3 the start position of the area for recording the large
capacity continuous data such as AV data (hereinafter
designated by a variable PS) (step 35), records it in
a table that is indexed by area number as shown in Figure
6 (b), reads the end position (hereinafter designated by

a variable PE) (step 36), records it in the table that
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& s10%& ()- S:!110%& ()-eBH JKAYNC/ :!10% 10 10
"10@=10%' ()-69!' 109 ()-4!10%& ()- 2, 10% ()- O010% ()- KL 9 dEYNC/ :!10%
y&10%&' ()- Z10%&' ()-109& ()-g 109% ()- & 109%& ()- @O% ()-M
pSWIaBYNC/ : ! 10%8) F10%&' () - & L109%& ()- Y¥S109&' ()-!L!9!10%~& () -

FF109%& ()- 1'110%& ()- dC{aBYNC/ :!10%6'!10%& ()-4:!10% ()-!1:!10%& () -
is indexed by area number as shown in Figure 6(b), reads
the number of times that a duplicate of large capacity
continuous data such as AV data is created (hereinafter
designated by a variable NC) (step 37), compares it with
CCM shown in Figure 3 (c) (steb 38), sets NC equal to CCM
if NC is larger than CCM (step 39), and enters this NC
as the number of times that a duplicate of large capacity
continuous data such as AV data can be created in the
present embodiment, into the table that is indexed by
area number as shown in Figure 6 (b).

The information indicating the start position and
end position of the area for recording the large capacity
continuous data such as AV data may instead be information
indicating the start position and length of the area.
Further, the number of times that a duplicate of large
capacity continuous data such as AV data is qreated may
instead be the importance of the data.

During the normal operation of the mirroring RAID
system constructed from the single magnetic disk drive
of this embodiment, the table of Figure 6(b) is stored
in the buffer memory 4, but it can also be recorded on
the magnetic disk 10.

According to themagnetic disk drive of this embodiment,

when writing large capacity continuous data such as AV

data, the number of times that a duplicate of large capacity
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[109%& ()- 9- 109 ()- +L109%& ()-)_sbC/:110% 109%& ()-Z 109 () -
‘10%&' () -&10%&' ()- 10 10 10f Y=10%&' ()-sM-aBbC/:!10% 10%&' () - Y109%&' () -
S109%&' ()-3° 109 ()-1!'10%& ()-Z!'T 10%& ()-*nHNG ~?4C 10f 3=10%& () -
6109 ()-.!10%& ()-! + 110%&k ()-9! 10%&k ()-! @' 10% () - OPQBgEC
10/ fM 10%ZZ&' ()-fM 10%Z& ()-!:110%JU& ()-:!10%Z& ()-!>:1109%0*0& ()- 10
10\ 6<=zX9. C -
1OZfF:10%Z&'():!#s!lO%UU&'()-!#s!lO%ZZ&'()-#sle%Z&'&%—!#s!10%BB&' )-1fM 10
0wz&' () - =>2ort igBpuszdateomqh -as >hYodzxe (hs ¢repsedecan We185#z& ()-
'10%Z& ()- 10Z 10Z__?T ~]> 102 '10%Z& ()- " !'109%F& ()- 10Z 10Z_,
1071 =10%&frpm @he Toogkzesysi@r foovEaql) -area opyhhgspgnetic disk,
so that the reduction in the recording capacity can be
minimized in the mirroring RAID system constructed on
the single magnetic disk drive.
(Embodiment D)

Next, the configuration of a magnetic disk drive
according to a fifth embodiment of the present invention
will be described below along with its operation with
reference to Figures 1, 3, 6, and 7.

First, when a command for recording large capacity
continuous data such as AV data is received from the host
system via the host I/F 2, then as shown in Figure 7 the
control CPU 5 reads from the control circuit 3 the address
on the magnetic disk at which the recording of the data
is to be started (hereinafter designated by a variable
TSA) (step 51), reads the number of sectors used to record
the data (hereinafter designated by a variable BL) (step
52), and finds the address at which the recording of the
data istobecompleted (hereinafterdesignatedbyavariable
TEA) (step 53).

Next, the control CPU 5 reads the number of times
that a duplicate is created (hereinafter designated by

a variable NC) for the data writing area by referring

to the area mahagement table shown in Figure 6 (b). Next,
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10 10yF= 10%&'()-')Nl10%&' -22222223>3~ ) ,
the ‘control CPU 5 and control circuit 3 store the data

transferred via the host I/F 2 into the buffer memory
4, and the data is written to the magnetic disk 10 via
the control circuit 3 and R/W channel circuit 7; here,
if the value obtained by subtracting 1 from NC is not
0, a duplicate of the data stored in the buffer memory
4 is written to the next contiguous area on the magnetic
disk 10 via the control circuit 3 and R/W channel circuit
7.

The control CPU 5 and control circuit 3 continue to
write a duplicate of the data stored in the buffer memory
4 to each subsequent contiguous area on the magnetic disk
10 via the control circuit 3 and R/W channel -circuit 7
until the value obtained by subtracting 1 from NC becomes
0.

By using the magnetic disk drive of this embodiment,
it becomes possible to automatically create a duplicate
when writing large capacity continuous data such as AV
data, and thus a mirroring RAID system can be achieved
using a single magnetic disk drive.

(Embodiment 6)

Next, the configuration of a magnetic disk drive
according to a sixth embodimeﬁt of the present invention
will be described below along with its operation with

reference to Figures 1, 3, 6, and 8.
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&10%>&'() 810%&'() M 10m 10m
First, when a command for recording large capacity

continuous data such as AV data is received from the host
system via the host I/F 2, then as shown in Figure 8 the
control CPU 5 reads from the control circuit 3 the address
on the magnetic disk at which the recording of the data
is to be started (hereinafter designated by a variable
TSA) (step 61), reads the number of sectors used to record
the data (hereinafter designated by a variable BL) (step
62), and finds the address at which the recording of the
dataistobecompleted (hereinafterdesignatedbyavariable
TEA) (step 63).

Next, the control CPU 5 reads the number of times
that a duplicate is created (hereinafter designated by
a variable NC) for the data writing area by referring
to the area management table shown in Figure 6(b) (step
64) . Next, the control CPU 5 and control circuit 3 store
the data transferred via the host I/F 2 into the buffer
memory 4, and the data is written to the magnetic disk
10 via the control circuit 3 and R/W channel circuit 7;
here, if the value obtained by subtracting 1 from NC is
not 0, a duplicate of the data transferred via the host
I/F 2 is written to a different recording surface of the
magnetic disk 10 (the other recording surface of the same
magnetic disk 10 or a recording surface of another magnetic

disk 10) by changing the magnetic heads 11.
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Tom R e Tos (b S M ERZTE L YO OndtZee: (and 2y
10@{:L10%}§f kgﬁ)/-éhL;r}g;){%g‘éée)a}ngD&riégz/c hela((%é '\{Dll 1]1'1(')1({{,&1381‘ %%éh@a%gg]olggined
by subtracting 1 from NC becomes 0.

By using the magnetic disk drive of this embodiment,
it becomes possible to automatically create a duplicate
when writing large capacity continuous data such as AV
data, and thus a mirroring RAID system can be achieved
using a single magnetic disk drive.

(Embodiment 7)

Next, the configuration of a magnetic disk drive
~according to a seventh embodiment of the present invention
will be described below along with its operation with

reference to Figures 1, 3, 6, and 9.

First, when a command for recording large capacity
continuous data such as AV data is received from the host
system via the host I/F 2, then as shown in Figure 9 the
control CPU 5 reads from the control circuit 3 the address
on the magnetic disk at which the recording of the data
is to be started (hereinafter designated by a variable
TSA) (step 71); reads the number of sectors used to record
the data (hereinafter designated by a variable BL) (step
72), and finds the address at which the recording of the

data istobecompleted (hereinafterdesignatedbyavariable

TEA) (step 73).
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Next, the control CPU 5 reads the number of times
that a duplicate is created (hereinafter designated by
a variable NC) for the data writing area by referring
to the area management table shown in Figure 6(b) (step
74) . Next, the control CPU 5 and control circuit 3 store
the data transferred via the host I/F 2 into the buffer
memory 4, and write only one sector to the magnetic disk
10 via the control circuit 3 and R/W channel circuit 7;
here, if the value obtained by subtracting 1 from NC is
not 0, a duplicate of the data stored in the buffer memory
4 is written to the next continuous sector. The control
CPU 5 and control circuit 3 continue to write a duplicate
of tHe data stored in the buffer memory 4 to each subsequent
sector until the value obtained by subtracting 1 from
NC becomes 0.

When the value obtained by subtractingl fromNC becomes
0, if the value obtained by subtracting 1 from BL is not
0, the control CPU 5 and control circuit 3 reset NC to
the initial value and perform processing to write the
next sector. When the value obtained by subtracting 1
from BL becomes 0, the control CPU 5 and control circuit
3 terminate the process.

By using the magnetic disk drive of this embodiment,
it becomes possible to automatically create a duplicate

when writing large capacity continuous data such as AV
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using a single magnetic disk drive.

(Embodiment 8)

Next, the configuration of a magnetic disk drive
according to an eighth embodiment of the present invention
will be described below along with its operation with
reference to Figures 1, 3, and 10.

First, when a command for reproducing large capacity
continuous data such as AV data is received from the host
system via the host I/F 2, then as shown in Figure 10
the control CPU 5 reads from the control circuit 3 the
address on the magnetic disk at which the reproduction
of the data is to be started (hereinafter designated by
a variable TSA) (step 91), reads the number of sectors
usedtorecordthedata (hereinafterdesignatedbyavariable
BL) (step 92), and finds the address at which the recording
of the data is to be completed (hereinafter designated
by a variable.TEA) (stepl93)f

Next, the control CPU 5 and control circuit 3 read
the data stored on the magnetic disk 10 into the buffer
memory 4 via the R/W channel circuit 7 and, if there is
no error, transfers the data stored in the buffer memory
4 to the host system via the host I/F 2.

If an error occurs, the control CPU 5 reads the number

of times that a duplicate was created when writing the
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1om 96). If the value obtained by subtracting 1 from NC is
not 0, the control CPU 5 and control circuit 3 read the
data of the error sector from the area on the magnetic
disk 10 where the duplicate is recorded, and store the
readout data in the buffer memory 4; here, if there is
no error, the data stored in the buffer memory 4 is
transferred to the host system via the host I/F 2. If
an error occurs, the control CPU 5 and control circuit
3 repeat the above operation until the value obtained
by subtracting 1 from NC becomes 0 or until data can be
read out without error from the area where the duplicate
is recorded.

When the data is read out without error from the area

- where the duplicate is recorded, the control CPU 5 and
control circuit 3 write the éorrect data to the error
sector.

By using the magnetic disk drive of this embodiment,
if an error occurs when reading large capacity data such
as AV data, correct data can be read out from the area
where a duplicate is recorded, and be transferred to the
host system, and in this way, a mirroring RAID system
can be achieved using a single magnetic disk drive.

As described above, according to the magnetic disk
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data, a plurality of duplicate copies of the data can
be recorded on a single magnetic disk. Furthermore, by
varying the number of duplications according to the
importance of the duplicate data, the reduction in the
amount of data recordable on the magnetic disk can be
minimized.

Further, when reading AV data or other important data,
if an uncorrectable error occurs, data free from error
can be read out by reading a duplicate of the data from
the plurality of duplicate copies recorded on the single
magneticdisk. Accordingly, an inexpensivemirroringRAID
system can be constructed using a single magnetic disk
drive.

In themagneticdisk drive according to each embodiment
of the present invention, when creating a duplicate, the
number of duplications that can be produced in unit time
can be determined based on the performance indices of
the magnetic disk drive; this has the effect of minimizing
data dropouts when transferring large capacity continuous
data such as AV data that requires the transfer of a
prescribed amount of data within a finite time.

In the above embodiments, the performance indices

of the maghetic disk drive have been described as including
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the number of revolutions of the spindlemotor 12, switching
time of the magnetic head 11, cylinder seek time, number
of magnetic heads 11, number of sectors per track on the
magnetic disk 10, and number of zones classified according
to a parameter such as the recording density on the magnetic
disk 10, but the performance indices of the magnetic disk
drive of the present invention are not limited to those
listed above. Only part of those listed above may be used
or the number of magnetic disks 10, etc. may be included
in the performance indices.

In short, in the magnetic disk drive of the present
invention, the number of times that transferred data can
be duplicated for recording is determined based on the
performance indices of the mégnetic disk drive and on
the transfer speed of the data transferred from an external
device.

In the above-described embodiments, the host I/F 2
has been used as an example of receiving means in the
magnetic disk drive of the present invention, the magnetic
head 11 -and preamplifier circuit 16 as an example of
recording means, and the control CPU 5 as an example of
number-of-duplicate-data-recordable—-times computing
means. The host I/F 2 is also used as an example of
communication means.

Further, the magnetic disk drive of each embodiment
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data is recorded in an area which is located nearer to
the outer diameter of the magnetic disk 10 as the number
of times that the data is actually recorded increases.
For example, the recording area for recording the same
data by duplicating five times may be located nearer to
the outer diameter than the recording area for recording
the same data by duplicating three times is.

The present invention also provides a program for
causing a computer to carry out the functions of all or
partof themeansof themagneticdiskdrive of the invention,
wherein the program operates in collaboration with the
computer.

Here, part of the means of the invention refers to
some of the plurality of means or some of the functions
in one of the means.

.Acomputerreadablerecordingmedhﬂnwiﬂntheprogram
of the invention recorded thereon is also included in
the present invention.

Inoneutilizationmodeof theprogramof the invention,
the program may be recorded on a recording medium readable
by a computer, and operated in collaboration with the
computer.

In another utilization mode of the program of the

invention, the program may be transmitted through a
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in collaboration with the computer.
The recording medium includes a ROM or the like, and
the transmission medium includes a transmission medium
such as the Internet, light waves, radio waves, or sound
waves.
The computer of the invention described above is not
limited to pure hardware such as a CPU, but may include
firmware, an 0S, or even a peripheral device.

Further, as described above, the configuration of

the inventionmay be implemented in software or in hardware.

POTENTIAL FOR UTILIZATION IN INDUSTRY

As is apparent from the above description, the present
invention is able to provide a magnetic disk drive that
can construct a mirroring RAID system without having to
use any additional disk drives, a recording method for
recordingdataonthemagneticdiskdrive, andareproduction

method for reproducing data from the magnetic disk drive.
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WHAT IS CLAIMED IS:

1. A magnetic disk drive comprising:

o r—

receiving means of receiving data transferred from
an external host device;

one or more magnetic disks for recording said data
thereon; and

recordingmeans of recording saiddataonsaidmagnetic
disk or disks, wherein

said magnetic disk drivelfurther comprises:

number—of—duplicate~data—recordable—times

ot =

computing means of computing, based on the transfer speed
of said data transferred from said external host device
and on performance indices unique to said magnetic disk
drive, the number of duplicate data recordable times
representing the number of times that said transferred
data can be recorded in duplicate on said one or more
magnetic disks; and
gg&iigé:ggégg_of controlling said recording means
so that said data transferred from said external host
device will be recorded on said one or more magnetic disks
~a number of times that does not exceeds said number of
duplicate data recordable times computed by said
number-of-duplicate-data-recordable-times computing
means.

2. A magnetic disk drive as set forth in claim 1,
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device of said number of duplicate data recordable times
computed by said
number—of~duplicate—data—recordable—times computing
means, and wherein
said host device is a device that, 1in response to
said number of duplicate data recordable times received
from said notifying means, can send an instruction
specifying the number of times that said data is to be
recorded in duplicate on said one or more magnetic disks,
and
said control means performs said control based on

said instruction received from said host device.

3. A magnetic disk drive as set forth in claim 1,

wherein
saidhostdevicejj;adevicethatalsosendsinformation
signifying data importance together with said transferred
data, and |
said control means performs said control based on
said information signifying said data importance received
from said host device.

4. A magnetic disk drive as set forth in any one of

claims 1 to 3, further comprising area splitting means
of splitting a data recording area oOn said magnetic disk

into a plurality of areas, and wherein
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data will be recorded in each of said split areas.

5. A magnetic disk drive as set forth in claim 4,

wherein said control means performs said control so that
said data will be recorded in said each area which is
located nearer to an outer diameter of said magnetic disk
as the number 6f times that said data is actually recorded
increases.

6. A magnetic disk drive as set forth in any one of

[ B

claims 1 to 3, whé;éin said data recorded in duplicate
is recorded on a different one of said magnetic disks
or on a different recording surface of the same magnetic
disk.

7. A magnetic disk drive as set forth in any one of

e ey e 4

—m——

claims 1 to 3, wherein said data recorded in duplicate
is recorded in contiguous sectors of said magnetic disk.

8: A magnetic disk drive as set forth in any one of

S R —

claims 1 to 3, further comprising:

reproducing means of reproducing data recorded on
said magnetic disk or disks; and

second control means of controlling said reproducing
means so that if an error occurs when said reproducing
means is reading data stored on said one or more magnetic

disks, data identical to the data that caused said read

error is read from a place different from the place at
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which said read error occurred.

%;_éMQEEE recording method comprising:

receiving data transferred from an external host
device;

computing, based on the transfer speed of said data
transferred ffom said external host device and on
performance indices unique to said magnetic disk drive,
the number of duplicate data recordable times representing
the number of times that said transferred data can be
recorded in duplicate on one or more magnetic disks; and

recording said data transfe;;;E/;;bm\géld ext;;nal
host device on said one or more magnetic disks a number
of times that does not exceeds said number of duplicate
data recordable times.

10\.;.,A E@Ea reproduction method wherein if a read error ]
occurs when reproducing data that was recorded on said
one or more maghetic disks by the data recording method
described in claim 9, data identical to the data that
caused said read error is read from a place different

from the place at which said read error occurred.

11. A program for causing a computer to function as

r—————e

e

all or part of:
said receiving means of receiving data transferred
from said external host device;

said recording means of recording said data on said
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said number—-of-duplicate-data-recordable-times
computing means of computing, based on the transfer speed
of said data transferred from said external host device
and on performance indices unique to said magnetic disk
drive, the number of duplicate data recordable times
representing the number of times that said transferred
data can be recorded in duplicate on said one or more
magnetic disks,; and
said control means of controlling said recording means
so that said data transferred from said external host
device will be recorded on said one or more magnetic disks
a number of times that does not exceeds said number of
duplicate data recordable times computed by said
number-of-duplicate-data-recordable-times computing
means,

in the magnetic disk drive described in claim 1.

12. A program for causing a computer to function as

all or part of;
said reproducing means of reproducing data recorded
on said magnetic disk or disks; and
said second control means of controlling said
reproducing means so that if an error occurs when said
reproducing means is reading data stored on said one or

more magnetic disks, data identical to the data that caused
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sald read error is read from a place different from the
place at which said read error occurred,

in the magnetic disk drive described in claim 8.
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