- 1- RECORDI-NG- REPRCODUCI NG APPARATUS AND I NPUT/ QUTPUT CONTROL W‘ F(QQ THE
\RECORDI NG- REPRODUCI NG APPARATUS BACKGROUND OF THE | NVENTI ON Thﬁggresent
invention relates to a recordi ng-reproduci ng apparatus such ad magneti c
-di sk-apparakus-etc. in particular to a recording- reproducing apparatus for

recording and reproducing the real-tinme data such as a noving picture data i

by controlling a tenporary nenory circuit built in the
recor di ng-reproduci ng appar at us and an i«pst/output control nethod for such
a recordi ng-reproduci ng apparatus. In recent years, the recording density

and the dat a REGURDING-REFRODUCINGO ABPASATER" RSHC TRGUIYBAMBYBSES such as
magneti c di sk apparat uses have been ever on the increase. These disk k¢y

appar at uses ar €CONTRDIAIMETHOD FORC THE RECORD INCRREGRODUEING APPARARRR

noving picture data. For noving picture data to be continuously recorded or
reproduced at a predeternined rate in a disk apparatus, it is necessary to

~process an input/output +equest within a predetermned tinme in the disk
appar at us. P#%EEQEQ@& F@I INVENTIONput / out put requests requires
accurate tine nanagenea{ of each |nput/output request. The tinme nmanagenent

of the input/output Rreesn ) dnveaticny oef & & processing of a

host conpute recording-reproducing apparatus such as a magnetic disk
apparatus etc. in pért;cular to a recording-reproducing
apparatus for recording and reproducing the real-time data
such as a moving picture data by controlling a temporary
memoiy circuit built in thé'récording—reproducing
apparatus and an input/oﬁtput control method for such a
recording-reproducing apparatus.

| In recent years, the recording density and the

data transfer rate in recording-reproducing apparatuses
such as magnetic disk apparatusas have been ever on the
increase. These disk apparatuses are used also for
recording and reproducing multi-channel moving picture
data. | - | o _

For moy;n%_pigsurghda;a to be continuously
recorded or rep:ngéed at 2 predetermined rate in a disk
apparatus, it is necessary to process an input/output
request within a predetermined time.in the disk apparatus.
Processing a plurality of input/output requests requires
accurate time management'of each input/output reguest.

The time management of the input/output requests

can be executed by software proceSsing of a host computer
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for controlling the disk apparatus. Mnagi ng input/output requests in real
time, however, produces the problemof a heavy |oad inposed on the CPU. In
view of this, as disclosed in an unexam ned Japanese publication He
8-171526, a dedicated interface unit is connected between the disk
apparatus and the host conputer for tinme managenent of i nput/output
requests. Further, in recording or reproducing multi-channel noving picture
data, a tenporary nmenory unit for absorbRmg the suspension of data transfer
caused by the mechani cal operations such as the seeking operation for the
di sk appar atfsescentpkbingpthey disle apparatiusg- r efaraiivig gl Guegiee and
to assure the continuous recordi ng operations or reproducing operations.
Convent i onal TeAYAStH okt Rerkstine, dioEvsmd produSeRntthe BoblEm NE ®65343,
for exanple, conprise a tenporary nmenory circuit for inproving.the

recor di ng- r PRBAIAIRP PeEIRTFRRIE, they GRM ch Tn aqporafl yEhfswrs circuit is

used as a buffer. nenpry or a cache nenory. The tenporary nmenory circuit is
used al so f(fiiﬁﬁlé?’eﬁr%f#hgan HREFFENAG: apanese, Rrkddeatian Hadadi ng a
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ménggement of inppt/éutput requests.

Further, in recording or reproducing
multi-channel moving picture data, a temporary memory unit
for absorbing the suspension of data transfer caused by
the mechanical operations such as the seeking operation
for the disk apparatuses used to improve the
racording—reproduci?g_performénce and to assure the
continuous recordinb operations or reproducing operations.

Conventional disk apparatuses, as disclosed in
US Patent Serial No.5465343, for example, comprise a
temporary memory circuit for improving the
recording-reproducing performance, in which a tempbrary
memory circuit is used as a buffer memofy or a cache
memezry. The temporary memory circuit is used aléo for
prefetching. The prefetching is a process for reading =
succeeding data after reading a data corresponding to an
output requaest, and storing the succeeding data in the
temporary memory unﬁt with the aim of imﬁroving the
perfoimance of proc%ssing sequential data input/output

requests.



apparatus using the above-nentioned interface unit and the di sk apparatus
wll be explained with reference to the acconpanying drawings. FIG 39 is a
bl ock di agram showi ng a general system configuration of the

recordi ng-reproduci ng apparatus using the above-nentioned interface unit
and the conventional disk apparatus. As shown in FIG 39, a host conputer
71, a reference clock generating section 72 and an interface unit 73 are
connected to an input/output bus 75. A d@Bsk apparatus 74 is connected to
the interface unit 73 through a data bus 76. The interface unit 73 includes
a bus interface contr d¥owecthe @R drtEoraialtemomhingdregdmiuning / F control
section 82"), an input/output control section 84, a schedul e managenent

section 81 ARParatusussingthe above-meatigaedntinterifiece 88itl anthehe
interface unit 73, the schedul e management section 81 controls the sequence
of executi ofi®K PRPIEAFNEH M llc hee sxplainedhydtthc seferencel tosshes a data

I nput/ out put request to the interface unit 73. The input/output request is
received th PERY NG, BFAWANESt bus 75 by the I/ F control section 82 of
the interface unit 73,_and stored in the queue-with-priority nmanagenent
section 83 through a Cohframt? this &7 Plophe GFagramshesing & genemedagenent

section 83 naniges a_queue pendi ng queue and an

th Driority.
input/outqu?E Ty P 1&&§G£h°?hB%Lg&éréﬁegréﬂﬁgRrPHFS§HEPP5n generated in

the apparatus using theéabove—mentioned interface unit and the
conventional disk a#paratus. As shown in FIG. 39, a host
computer 71, = refe%ence clock generating section 72 and
an interface unit 73 are connected to an input/output bus
75. A disk apparatus 74 is connected to the interface
unit 73 through a data bus 76.

The interface unit 73 includes a bus interface
contiol section 82 (hereinafter called “"the bus I/F
contzol section 82"), an input/output control section 84,
a schedule management section 8l and a queue-with-priority .
management section 83. In the interface unit 73, the
schedule management section 81 controls the sequence of
execution of input/gutput requests.

The host Fomputer 71 issues a data input/output
request to the inta;face unit 73. The input/output
request is received through the input/ocutput bus 725 by the
I/F control section 82 of the interface unit 73, and
stored in the queue-with-priority management section 83
through & commarid bus 73. The queue-with-priority.

management section 83 manéges a gueue with priority, a



ref erence cl ock generating section 72 passes on the input/output bus 75,
.and is stored in the schedul e managenent section 81 through the bus I/F
rcontrol section 82. The schedul e nmanagenent section 81 transfers an

"I nput/output request to the queue with priority in the queue-wth- prlorlty
.managenent section 83. Upon receipt of the request, the schedul e nanagenent °
' section 81 judges as to whether the queue with priority contains an
"input/output request. In the case where=4he queue with priority contains an
i nput/ out put request, the schedul e managenent section 81 fetches the

particul ar Dﬁ@dtmsuﬂp‘eﬂler@q@e dnput/cysputherkoutibe gueuest has a high
order of priority with a speC| I ed processing tinme. In the case where the

request has a high priThe ze Qﬂ@%i@m imfonyetdon gensuatesll i ahef er s

the particular in ut/output request to the input/output control section 84,
while in th&sezre Fdodfe gaeFatipgoseckdoneddcpaSESS| BR, thRe schedul e

aznagenent sectlon 81 ad%y@ @% request to the pendi ng queue. I'n the case
ere no i nfRRPMSILHEP st/ 9 ntdi FEQTRA %ﬁetﬂﬂeﬁshﬁﬁpﬁeprlorlty, in
contr st pz?n%»%%%'ss PR o I <
|nput/outpu%2[equest Is fetched and, when it is

The schedule maﬁagement section 81 transfers an
input/output request to the queue with priority in the
queue—with—priority management section 83. Upon receipt
of the request, the schedule management section 81 judges
as tc whether the gueue with priority éontains an
input/output reguest.

In the cjse wheres the queue with priority
contains an input/output request, the schedule management
section 81 fetches the particular input/output request and -
judges whether the requgst has a high order of priority
with a specified procesﬁing time. In the case where the
requést has.a-high priority, the schedule management
section B8l transfers thé particular input/ocutput request
to the inpﬁt/output control section 84, while in the case
where the priority of the request is low, the schedule
management section 81 adds the request to the pending
queue.

"In the.caLe Qhere no input/output request is

contained in the quéue with priority, in contrast, the

pending queue is checked. Inh the presence of any



before the | apse of a set processing tinme, the fetched input/output request
I s executed. In the case where the input/output request has passed the set
processing time and has timed out, on the other hand, the request is

di scarded or returned to the pendi ng queue. The input/output control
section 84 controls the disk apparatus 74, gives an instruction on data

| nput/ output, and executes the data wite or read operation. FIG 40 is a
di agram showi ng a nethod for dividing anB=controlling the buffer nenory
maki ng up the tenporary nmenory unit of the disk apparatus 314. A portion
(a) in FIG impui/eNFput Feguesi: conradned don thet pehdifAy shewe,i rvhehe
portion (a) of FIG_ 40, the buffer nmenory is divided into a plurality of
segnent s whik@F tdemlger dapudiientpyta requesthba sl etahedaand;hehbar iteag
datal. Also, each segnent size can be changed in accordance with the data
size to be DEETLetNE opss 8fo8s SetopaoRRRsingetdmeonttand fetchendt i on (b)
in FIG 40 §$ﬁM§:a fi xed segnmentation nethod. In response to a set conmand
froman ext /By PYefed B&f PERCHEREry &Bnthe eReRdwherat she

plurality of n f fixed size. Wth the di sk apparatus conformn ng
with the scéf‘i’g‘q?‘é&ﬁ’:‘&sﬁ&ﬂueﬁwb&ﬁei’aSseiisPh%y§FEnP-FEFEFF&ES) time

specificati I the n er . pf_s nts,and the size of each
segment of t.g &%ngéﬁgﬁ But), ?n %HB otRer EQHE, £hé request is
discarded or return%d to the pending gqueue.

~ The inpuf/output control section 84 controls the
disk apparatus 74, gives an instruction on data
inpﬁt/ output, and executes the data write or reﬁd
operation.

FIG. 40 is a diagram showing a method for
dividing and controlling the buffer memory making up the
temporary memory unit of the disk apparatus 314.

A portion (a) in FIG. 40 shows an adaptive
segmentation method. As shown in the portion (a) of FIG.
40, the buffer memory is di&ided into a plurality of |
segments which can Le assigned to a write buffer and a
cache for read data. Also, each segment size can be
changed ih accordance with the data size to be transferred
in response to a write/read command.

' A portion (b) ih FIG. 40 shows a fixed
segmentation method. In response to a set command from an
external equipment, the buffer memory can be divided inte
‘a plurality of segments of fixed size. With the disk

apparatus conforming with the SCSI-3 (SCSI: Small Computer



menory can be set appropriately. Each segnment size is identical and fixed.
In the above-nentioned conventional control nethod, the disk apparatus 74
uses the buffer nenory divided into segnents. As a result, the
conventional recording-reproduci ng apparatus neets the multi-task
requirenent in the recording and reproduction of multi-channel noving

pi cture data, and inproves recording-reproduci ng performance. Explanation
wi |l be nmade bel ow about certafn probleﬁ%‘encountered in the conventional
recordi ng-reproduci ng apparatug configured as descri bed above. A first
probl em of §§§t88n;BgPF§ﬁ&P)r§ SF&?%SﬂFéﬁP®dGEFnQXBmB&FatGbelnémbﬁﬁ t he
managenent of t he execu an i nput/out request, The tine for

executing afl |ﬁBEFFBGFpBP8 e§?an°Fh@a EegﬂgﬁFanstbF PHEL®BNvent i onal
di t bl d di

on the vari BBrgaY°FRA, BB A6R YpsrapRRaReLY:" R0R SRoRRRY Fke Te o cceic

time or the, ﬁ@h&i@glthﬁg E? eEﬁtation and the operatlng condltlons of the

tenporary nenory CIrcul the conventional recording-reproducing

apparat us having the gho\hdTidvUlalaiduad BhiRRe1bi81 conkrohnt er face
qui pnment nmeans arning rnformation on the
tine for acqeehbRy the Aisk apparatus 74 uses the buffer nemory
divided intc segments. As a result, the conventional
recording~reproducing apparatus meets the multi=task
requirement_in the ;acording and reproduction of
multi-channél moving pictﬁre d#ta; and improves
recording-repréducipg performance.

Explanatﬂcn will be made below about certain
problems encounterea in the conventional
recording-reproducing apparatus configﬁred'as described
above. |

A first problem of the conventional
recording-reproducing apparatus lies in the management of
the execution time of an input/dutput request.

The time for executing an input/output request
in the disk apparatus of the conventional
recording~-reproducing apparatus is sometimes considerably
varied depending on the wvariations in the time for access
to a target area, ile., the seek time or the waiting time
for rotation and the operating conditicns of the temporary

memory circuit. In the conventional recording-reproducing

apparatus having the above-mentioned configuration, the



apparatus and the operating conditions of the tenporary nenory circuit, and
therefore the execution tine cannot be accurately predicted. As a result, a
ti me managenment assum ng an excessively |long execution tinme is required for
neeting a ti.me limt to assure safety, thereby leading to the problemof a
deteriorated processing efficiency. A second problemof the conventi onal
recordi ng-reproduci ng apparatus is that the response to an input/output
request is occasionally delayed for a d€2eriorated performance. In the
conventional recording-reproduci ng apparatus, an input/output request with
hi gh priori intaafacg mnitnendi the estexssltequppméntechickl mganghfbe an

| nput/output request lowin priority is set in pending. In this way, the
nmovi ng pi ct ebsadaiaghigfiormagdcnr onytheetinet foricastessiogr thd dhsk
reproduced. In the case where a high-priority input/output request is not
cont ai ned | pppAsagusuanguthgnrperakipgi epnditionst pEuthet tempOTary is
conventional, the input/output requests of lowpriority are executed
uncondi t i onEPW?rYCEﬁ§€HE|§nt ppd &hegrefarenthesxequtienathmghcpnnetibe

I nput/ out put request is applied froman external equipnent such as a host
conput er duFFﬁBrPﬁﬁlixEEGFFSﬁeSF aAFoﬁkﬁFFB}FlyalFb%?/@ﬁﬂﬁEFm?Bﬁuest t he

hi gh- t t/ t t b ted bef | et
exacut i on oPEBHELNG A PAFRESLoRbH: K80 pHESFRERES| EFR CRCRSIALER. the

exter nal qubgnﬁgétiﬁgngttime limit to assure safety, thereby 1eading
to the problem of a deteriorated processing efficiency.

A second problem of the conventional
recording-reproducing apparatus is that the response to an
input/cutput reguest is occasionally delayed for a
deteriorated performance.

In the conventional recording-reproducing
apparatus, an input/output request with high priority
having a time limit is executed preferentislly, while an
input/cutput reques? low in priority is set in pending.

In this way, the mo%ing picture data high in priority are
continuously recorded and reproduced. In the case where a
high-priority input/outﬁut request is not contained in the
queue but qnly.low-priority input/output requests is
conventional, the input/output requests of low priority
are executed unconditicnally.

Conseguently, even in the case where a
high-priority input/cutpﬁt request is applied from an
external equipment such as a host computer during the

exsecution of a low=-priority input/output request, the



i nformed of the reason that the high-priority input/output request
therefromis not executed imediately and is required to wait until

conpl ete execution of the lowpriority input/output request. In other
words, in the conventional recondi ng-reproduci ng apparatus, the tine
managenent i s not carried'out"t%king the execution time of input/output
requests into consideration. As{a result, when a high-priority input/output
request is input, the high- pricority-inpugdoutput request is sonetines
required to join the waiting |ine. Assune, on the other hand, that an

i nput / out put NiGBUPFL oL LY IFDULYBURPaUFRqHbER EQnHBEOEEt¥¥§%LQe§ time

limt is input in the presence of an input/output request a random dat a
llow in priorpefonet bomplate ekéRultibh! oWakhiNdolDpgieety! in HE?o&tg;?%e’
t he input/output request for an noving picture is executed ih priorfty even
in the case wequest.ti Tn smch B eskelSthaosrtbrRalcenal gaead! Ysdgbayi ng the
response to the input/output request for a randomdata. Still another
probl em of tAeformednbifotthle dieskoapthatt theshigh-phobrotyi pephtgbeBbulise of
the tenporary nenory circuit. For the continuous recordi ng and

r epr oduct i onTegupstasberedroor ishsotvekagupedt imeediastebygandnigr ansf er
rate in the disk apparatus, a nunber of tenporary nmenory circuits are

requi red. M¥PAYLERE: tPewadtaudtipr egmpiete execution of the

low~priority input/output request.

In other words, in the conventional
recording—reproduci?g apparatus,'the time management is
not carried out tak?ng the execution time of input/output
requests into consiaeraticn. As a result, when a
high-priority input/ocutput request is input, the high-
priority input/output request is sometimes required to
join the waiting line.

Assume, on the other hand, that an input/output
request of an moving picture high in priority with a time
limit is input in the presence of an input/outéut raquest
for a random data low in priority without any time limit
walting in_queue. In such a case, the input/output
request for an moving picture is executed in prioritg even
in the case where aLtime margin exists, sometimes
considerably delayiig the response to the input/output
request for a random data.

Still another problem of the conventional disk
apparatuses was that of inefficient use of the temporary

memory circuit,



data low in transfer rate, however, can be processed in a smaller nunber of
menory circuits. CGenerally, the noving picture data are conti nuous and
sequential, while the program data are discrete. The nmethod of controlling
the buffer nmenory/cache nmenory varies depending on these properties of the
data. The nethod of using the tenporary nmenory circuit for the conventional
di sk apparatus is configured to neet -the requirenents of arbitrary data.
The conventional nethod, however, is not9suitable for assuring the

conti nuous recording and reproduction or inproving the

recor di ng-r eproduci ngFper theneantialiodsyregopdingr andareprbiutiktosate of
trick play of noving picture data, for exanple, a wasteful prefetch
operati on obeuassuned fher ¢thg mbeingspboteresdasvachigksinectaymdfand t he
performance is deteriorated. Ip recording or reproducing a multi-channel
dat a cont ai rakg &n hbei diski spparatiusa, at hambér co fintenperaont pefomet hod of

the tenporary nmenmory circuit 5 required to be determ ned in accordance
with the trBi5FBETERES TAGULERA- | MevingPichere datR @BRTPEFEY, etc. of
each -channel.. Neyerthel ess, the ¢onvenfional di'sk apparatus, of which

the buffer ABRBr §ORaADLETARFEBEITRARo BOPRYRTY | F57 OPC SBEAERESSR 1B 3 whi ch
t he segnent size can be changed, canni% ﬁft the_ nulti-channel data in -
correspondeﬁ@@lﬁFFhn%%Eﬁrsggn@ﬁF°F8rc ERL ERanriene ¥ hetR? JPRVERGinot

determ ne tig $E0IPRLe § £8e70dnk 15,5001 A0S JELISSIE, B Mre the

program data are discrete. The method of controlling the
buffer memocry/cache mémcry-varies depending on these
properties of the data.

The method of using the temporary memory circuit
for the conventional disk apparatus is configured to meet
the requirements of afbitrary data. The conventional
method, however, isinat'sﬁitab;e for assuring the
continuous=reccrding'and reproduction.or improving the
recording-rep:oducihg performance of moving picture data.
In the case of trick plaf cf moving picture data, for
example, a wasteful prefetch operation occcurs, and thereby
the response is sometimes delayed and the performance is
deterilorated.

In recording or reproducing a multi-channel data
containing an moving picture data, the size and the
control method of the temporary memory circuit is.required
to be determined in accordance with the transfer rate, the
real-time raquiremert, the continuity, etc. of each

channel. Nevertheﬁess, the conventional disk apparatus,



channel in accordance with different transfer rates, the real-tine

requi rement or the continuity. SUMVARY OF THE | NVENTI ON An obj ect of the
present invention is to provide a recording-reproduci ng apparatus which, in
order to solve the problemof delay in processing an input/output request,
predicts the execution tinme of each input/output request from an external
equi pnent and thereby assures an accurate processing of the input/output
request. Anot her object of the present -.ggwention is to provide a

recor di ng-reproduci ng apparatus and an i nput/output control nethod which

can assure af #h&ghatReCBUEEAYONEMbEGOEEhNEeaddvi8BR0dHELI QNpRhr ARY EPY
pi cture data or other data of high priori; and which can efficiently

process i npuk/ seyhehtscaresEswhlichoehar kagnéiit Sikel canob8eehahgedal of the
present invention is to provide a recording-reproduci ng apparatus whi ch can
sel ecti vel ycannaott seanthapmul@it-phtinneljudataf in eorzedpondaheel wivthn
priority which has atinme limt with a margin. In order to achieve the
above- nent i eacth sbgmens, for aechr dhagned, oandathereforet benpotsent

i nvention, there is provided a recording-reproduci ng apparatus conpri sing

i nput nmeansdetippinine thehsegmentesizeoangdr theccongrohemenhod/ Sor peach
execution tinme froman external equipnent, and a judgi ng neans for
predi cti ng chanagedcini 8acerdance WAthngifferentt trapséer ratesspbhee to the

request for the input/output execution tine, prediction.
real-time regqu remept or the continuity.

|

|

SUMMARY OF THE INVE:LITION

| An object of the presenf invention is to provide
a recording-reproducing apparatus which, in order to solve
the problem of delay iﬁ processing an input/output
request, predicts the execution time of each input/cutput
request from an external equipment and thereby assures an
accurate processiyg of the input/output request. Another
ocbject of the present invention is to provide a
recording-reproducing apparatus and an input/output
control method which can assure an accurate continuous
recozrding and reproduction of moving picture data or other
data of high prioril and which can efficiently process
input/ocutput requests of low priority. Still another
object of the present invention is to provide a
recording-reproducing apparatus which can selectiﬁely
execufe an inpuf/autput request for a random data low in
priority which has a time limit with a margin.

In order to a;hieve the above-mentioned objects,



Wth the above-nentioned configuration, the recording-reproduci ng apparat us
according to the present invention can correctly predict the execution tinme"
in response to an input/output request and can secure the execution tine
for the input/output request in response to an external equi pnent According
to anot her aspect of the present invention, there is provided a

recordi ng-reproduci ng apparatus conpri sing judging neans for predicting the
execution tine in response to an input/guytput request from an externa

equi pnment and j udgi ng whet her the predicted execution tine can be realized

within a timddrling to b RERUETRlcARRA: AUl hnPUbeaY By

request processing nmeans for eXecuting the”input/output reques

where the | pREVIdEdE reROtETing-Tepddetiny %%‘&%%ercmﬁpﬂﬁif dgi ng nmeans
and for termnating the processing in the caseé where the i nput/Output

request is jimpyed meansosuppddeidakiieh aheedest FordpkedtsRongethe t he
external equi pnent based on the result of the judgenent. =12- According
to still andnput/asmeuat eketdirionyedieoFromane eiktephali dgdipment

recor di ng-reproduci ng apparatus further conprising judgi ng neans for giving
a response \wnéaa jedging meaospfoire predieting mhat castptioni thing afti ne
limt preset by an external equipnent to an input/output data transfer
anount requ@st inpyd/cHEPEt: sequessqdnpresponse to the request for the

iﬁput/output execution time prediction.

With the above-mentioned configuration, the
recording—reproducing apparatus according to the present
invention can correctly predict the execution time in
response to an input/output request and can secure the
execution time for Fhe input/cutput request in response to
an external equipme%t. |

A?cordingito"anbther aspect of the present
invention, there is provided a recording-reproducing
apparatus comprising judging means for predicting the
execution time in response to an input/output request from
an external eguipment and judging whether the predicted
execution time can be realized within a time limit set by
the external equipment, and an input/output request
processing means for executing the input/output request in
the case where the input/output request is judged as
executable by the judging means and for terminat?ng the
processing in the'élse'where the input/output request is

Eable, thereby giving a response to the

judged as not execu

| external eguipment based on the result of the judgement.



Wth the above-nentioned configuration, the recordi ng-reproduci ng appar at us
according to the present invention can predict and respond a data size
capabl e of being input/output within a tinme limt, so that it can assure
the execution tinme for a high-priority request while providing a maxi num
transfer rate for a lowpriority request, thereby inproving the processing
efficiency. Al so, the recarding-reproduci ng apparatus according to the
present invention pernmts an external eti@pnent such as a host conputer to
judge whet her or not an input/output request can be executed within a tine
limt, and therefore checemding thestkiludnotheradmidoros ithe f or each data
I nput/output and can thus easily execute the real -time managenent of

i nput / out putineention, theaxne daprovidddia mmcasiing-refpriddngimesent

i nvention, there is provided a recording-reproduci ng apparatus conprising a
t enporary neRRREratuS Furthar gomprisisia giudging: deanso fopigivding a of
segnents according to the type of an input/output request, wherein the

j udgi ng -ZeSPIfS MR & d?ﬂf-aav%liizfeatﬂaé’aglfe off being Aepydieutpwegnent as
a mmitable(xﬂéhsize i,n response to‘a:gﬁte si ze request from an external

equi prent . Attordt Ry ey fspoJ' - RRfiSSe PYaSife &X TS SFUEEIHNY FPe® on,
T A A A b e 0 © o

external equipment.
With the:above-mentioned configuration, the
recording—reproducing gpparatus according to the present
invention can predict and respsnd a data size capable of
being input/output within a time limit, so that it can
assure the execution time for a high-priority request
while providing a2 maximum transfer rate for a low-priority
request, thersby improving the processing-efficiency.
Also, the reccrding;reproducing apparatus according to the
present invention permits an external equipment such as a
host computer to judge whether or not an input/output
request can be exzecuted within a time limit, and therefore
can assure the execution completion time for each data
input/output and can thus easily execute the real-time
management of input/output reguests.
According to a fufﬁher.aspect of the present
“invention, there is provided a recording-reproducing
apparatus comprising a temporary memory circuit capable of
being divided into a plurality of segments according to

the type of an input/output request, wherein the judging



of segnents

in accordance with the type of an input/output request, an

preread neans for reading a designated area froma recordi ng nedi um an
storing it tenporarily in a correspondi ng segnent, wherein an avail ab
size of a corresponding segnent is offered as a data size capable of b
preread in response to an preread size request, and a preread data siz
a correspondi ng segnent is offered as a readable data size in response
read size request. Wth the abgve-nenti=d@ed configuration, the

recordi ng-reproduci ng apparatus according to the present invention off
an avai l abl enean_aa giives @y raelsqadmlhheg@agmﬁ 3 gorzepprsding segment dat a
transfer anount %?est offers a preread data size in response to ar

dat a transf &8 &Mr

tabdgudata aideofineresponseartpabl wrditee sdzea

correspondi ng segnent in response to a preread data transfer anount
request, whé&reguesth&nasan (ﬁl‘tﬁﬁﬁnad-ateﬂ“é@ﬁ‘e&ltways be transferred in bu
and the tine nanagenent of énu/output uests can be acconpl i shed

accurately and -14 4%R§q¥
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memory circuit capable of being divided into a plurality
of segments in accordance with the type of an input/ocutput
request, and a prerecad means for reading a designated area
from a recording medium and storing it temporarily in a
oorresponding segﬁ%nt, wherein an available size of a
corresponding-segmént is offered as a data size capable of
being preread in: response to an preread size request, and
a preread data size of a oorre5ponding segment is offered
as a readable data size in response to a read size
request.

With the above-mentioned configuration, the
recording~reproducing apparatus according to the present
invention offers an available size of a corresponding
segment in response to a write data transfer amount
request, offers a preread data size in response to a read
data transfer amount request, and offers an available size
of a corresponding?segmenf 1a‘response to a prereed data
transfer amount request, wherein the input/output data can

always be transferred in bursts and the time management of

input/output requests can be accomplished accurately and



conti nuousl y-transferabl e anount of data to an external equipnent in
response to a data transfer anmount request fromthe external equipnent, in
whi ch a nethod of data transfer between the external equipnment and the
recording-reproduci ng apparatus is selected in accordance with the
transferable data amount. Wth this configuration, the input/output control
nmet hod according to the present invention can always continuously transfer
t he input/output data. According to st ritA=anot her aspect of the present
-invention, there is provided a recording-reproduci ng apparatus, which

i dentifies £AGLLIBAted. | nPhePouthat PFRGRRE! AnveRtHON N8BS, thadeffeetie case
where an input/outgut.request is the one with a tinme l[imt, executes a type
of an i nput PEuERAFteRENGsthectime| Juring Which aRntaPYE(PutPRt(PUE T&ngt h
remai ni ng before, a_deadline cal cul ated based on the time limt. According
to a furthePCG¥BLeR-of the present invention, there is provided a

recor di ng-reproduci ng appariatus which_cal cul ates the ti renmai_ni ng
before a deadl i ne bas@ECSHggﬁg %Pné VP%iFurdﬁeﬁcéaHﬁthgg gﬁﬁu?FSﬁFBﬁt
requests, s : [ oWip S ' L NI ining time
anong the agégééﬁéégd ?ﬁ%% /g%tgﬁ?6$§§§e§ 2& $%£?§%Q%§228§%é§%fthe
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case where hgeispeNeioRNheaNsdfor notifying the
| continuouslyétransferable amount of data to an external

equipment in response to a data transfer amount request
from the external equipment, in which a method of data
transfer between the external equipment and the
recording-reproducing apparatus is gelected in accordances
with the transferable data amount. With this
configuration, the input/output control method according
to the present inv%ntion can always continuously transfer
the input/output.d#ta..

Accordiné to still another aspect of the present
invention, there is provided a recording-reprcducing
apparatus, which identifies the type of input/output
requests accumulated, and in the case where an
input/output reqﬁest is the one with a time limit,.
executes a type of an input/output request salectively in
accordance with the time length remaining before a
deadline calculated based on the time limit.

According to a further aspect of the present
i%ééhéion,‘éhé;euis'pfbviaéd-é recording-reproducing

|
i



condition fails to be nmet, the apparatus executes the accunul at ed

I nput/ out put requests by selecting the sequence of execution in accordance
with the data recording position corresponding to each input/out put
request. Wth the above-nenti oned configuration, the recordi ng-reproducing
apparatus according to the present invention, in which an input/output
request i s selected for execution based on the tinme remaining before a
deadl i ne, can first assure the conti nuel®-recordi ng and reproduction of
noving picture data or the |like and then can assign the processing tine to

t he recor di apparatus whodsic tcalculaten e dhinfe ddretiahiyhg MY Fdgd1G t he ,
recor di ng-reproduci ng performance. Anot her object of the present invention
is to provideadlims baed)-oreptios Uicineg aippt Bdrs dovumedlestgl ng and
reproduci ng novi ng picture data by a nethod of controlling a tenporary
menory circimputioutmitt faquests nEeleglistan ity dutmrtierequessol ve t he
above-nenti oned problem of efficient use of the tenporary nmenory circuit.
Still anot Hekthpfhe migiimum TRERiNNg Hiae asens the Rasumdated
recording-rﬁgroducing apparatus in which a tenporary nmenory circuit can be

di vi ded i ntiPREIBHHEHY FRFULTFHent e GRRoi EF Withe (RS IEHAS ed nunber
Cemporary TEHET P Vi et P a1 SRR dten PRHsES el 6 and
the real -t i‘gghper ,Oct%seSiarb%arreaqtuLi\sr een:?ergutoefs %%eh pcar}acriré:ethar input/output

request while in:thg case.where the above-mentioned

condition fails to Le met, the apparatus executes the

accumulated input/oﬁtput.requests by selecting the

seguence of execution in accordance with the data

fecording éositioh corrééﬁéﬁding_tb each input/ocutput

reguest.

With the above-mentiocned configuration, the
recording-reproducing épparatus according to the present
invention, in which an input/output request is selected
for execution based on the time remaining before a
deadline, can first assure thé continuous recording and
reproduction of moving picture data or the like and then
can assign the procgssing time to the recording and
reproduction of random data, thereby_improving the
recording-reproducing performance.

Another okbject of the present invention is to
provide a recording—reprodﬁcing apparatus for recording
and reproducing moving picture data by a method of

controlling a temporary memorf circuit suitable for moving



In order to achi eve the above-nentioned objects, according to one aspect of
the present invention, there is provided a recordi ng-reproduci ng apparat us
conprising a managenent information nenory neans for storing the file
managenent informat on.corresponding to the data recorded in a recording
medi um wherein the managenent information is reproduced in response to an
automati c pi eread request from an exterggl equi pnent, and wherein the
position on the recordi ng medi um where~a®data block to be transferred to

the external ,equipnent is stored is determined and the data block is
preread. AcB3FEMRE 88Y3ndPhErdgEpLe: SBLVenEhe ARRYe-NAVELPReR PEPRIEM| S
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equi prent. According to still another aspect of the present invention,
there is preﬁlaeeoﬁaéﬁeardi&a-tﬁereégﬁifeaaa@m5a£U§f cRaMbeLd), tded t¥pe of

accunul ated wite data requests is identified and the data anbunt to be
recorded  which the size and the method of controlling the temporary
- memory circuit cén be set in accordance with transfer rate
and the real-time processing requirement of each channel.
In order to achieve the above-mentioned objects,
according to one aspect of thé present invention, there is
provided a recordiné-reproducing apparatus comprising a

management information memory meéns for storing the file

management information corresponding to the data recorded

in a recozding medium,'wherein the managemént information -
is reproduced in response to an automatic preread request
from an external equipment, and wherein the position on
the recording medium where a data block to be transferred
to the external equipment is stored is determined and the
data block is preread.

According to another aspect of the present
invention, there is provided a recording-reproducing
apparatus comprising a preread means for reproducing data
blocks from a recording medium in response to a plurality
of preread requegsts| with an identifier from external

equipment and transferring the data blocks to a temporary



continuously in a recording nediumis selected and recorded, and in which

t he nunber of requests to be accunulated is selected by identifying the
types of the accunul ated read data requests thereby reproducing the data
continuously fromthe recording nediumin accordance with the nunber of the-
accunul ated requests. According to yet another aspect of the present.

I nvention, there is provided a recording-reproduci ng apparatus conprising a
prefetch neans for transferring the dat-el%eproduced froma recordi ng nedi um
to a tenporary nenory circuit, wherein the type of each input/output

request fromenereaigowlt coiqredn dns theemese etherandnoiapaft /autputal ity

of prefetch nethods having different data anmounts to be prefetched and

di fferent tirRIUesTyMich @uildan ttiflahd spmsoeisiedp froas amgxterseallect ed and-
executed in accordance with the type of a particular input/output request.
Wth this cAfYipnent.of d3te ,M&%Ui%i?é@%ﬁcifﬁgﬂhpm drhogecor ding to
the present inventjion can realize a nethod of controlling the tenporary
mermory ci r clRASIRAG 4 @ dangss fdthofthep ideg tfdexr andatzansferyed
significant effect of an inproved rformance is attained as a result of a
reduced Ioad“bﬂgv%éﬂ§¥%ﬁnﬁiwﬂ§§&ﬂW%§ f the external equipnent and an

| nproved efficiency of e da ecording a r eproduci n eration of the
recor di ng- r epr oduci ng %‘%‘E%’F‘gﬁ'@.{‘? ris‘fjﬁd]é?arf# iWQ%ﬁﬁ\%%ﬁ?%ed

obj ects, invention, there is%pravided a recording-reproducing

apparatus, in which!the type of accumulated write data
requests is identified and the data amount to be recorded
continuously in a recording medium is selected and
recorded, and in.which the number of requests to be
accumulated is selected by identifying the types of the
accumulated read data requests thereby reproducing the
data continuously from the recording medium in accordance
wifh the number of the accumulated requests.

According td yeﬁ another aspect of the present .
invention, there is.prov;ded a recording-reproducing
apparatus comprising a prefetch means for transferring the

data reproduced fror a recording medium to a temporary
memory circuit, wherein the type of each input/output
request from the external equipment is identified, and one
6f a pluralify of prefetch methods havihg different data
amounts to be prefetched and different time lengths
required for the prefetch processing is selected and
executed in accordance with the type of a particular

input/output request.



according to one aspect of the present invention, there is provided a
recor di ng-reproduci ng apparatus conprising a tenporary nmenory circuit
divisible into a plurality of segnents, and a tenporary nenory circuit:
control neans for selecting a seghent based on the information for
identifying the wite/read request froman external equipnent and causing
the wite/read data to be tenpararily’ stﬁ ‘ed I'n the selected segnent.

According to another aspect of |the prese

i nvention, there is provided a

Givisible into a plurFEED hLS ERERIatranLs te&’%&f‘gy”ﬁgﬁwycéffﬁhft
control means £ termlnégkﬁise nent Size, thod of data transfer
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According to still another aspect of the present invention,

rm ned.
there is

provi ded a rpsrfotmande i HItahaD Y a testher O o hedRad oS of£0r

starting and stopping the data transfer between an external

equi pnent and a

cor r espondi ngravexfiem ipradussimylidf ame feirternall ed@idnént! QpRi BG the data

transfer to and fromthe. recording

improved efficiency of the data recordzng and reproducing

operation of the recording-reproducing apparatus.

In order to achieve the above-mentioned objects,

according to one aspect of the present invention there is

provided a recording—reprodu01ng apparatus compris;ng a

temporary memery c1Lcu1t divisible into a plurality of

segments, and a temporary memory circuit control means for
selecting a segment-ﬁased on the information for
ddentifying. the write/read request from an external
equipment and causing the write/read data to be
temporarily stored in the selected segment.

According to another aspect of the present
invention, there is provided a recording-reproducing
apparatus comprising a temporary memory circuit divisible
into a plurality oflsagments, and a temporary memory
circuit control meats for determining a segment size, a
method of data tranlfar from an external egquipment and a
methed of data tranafer to a recording medium for each

segment based on the setting information supplied from the



medium the order of priority of data transfer to and fromthe recording
medi um and the unit of access fromthe external equi pnent, are determ ned
on the basis of the setting information supplied fromthe external

equi pnent. According to yet another aspect of the present invention, there
is provided a recording-reproduci ng apparatus, wherein a
recordi ng/ reproducing area for witing data of a correspondi ng segnent in
a recording nediumor for reading a daT§9§tored in a correspondi ng segment
froma recor set on the basis of the setting information

ding nediumis
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recordi ng-reproduci ng apparatus, wherein the unit of access to the segnents
from invention, there is prqvided a recording-reproducing
apparatus wherein the conditions for starting and stopping
the data transfer between an external equipment and a
corresponding segment, the conditions for starting and
stobping the data transfer to and from the recording
medium, the order of priority of data transfer to and from
the recording medium and the unit of access from the
external equipment, are determined on the basis of the
setting information supplied from the external equipment.
Accordin#_to yet another aspect of the present _
invénticn, there is!provided a recording-reproducing
apparatus, wherein a recording/reprecducing area for
writing a data of a corresponding segment in a recording
medium or for reading a data stored in a corresponding
segment from a recording‘medium is set on the basis of the
setting information supplied from the external equipment.
With this configuration of the
recording-reproducing apparétus according to the present

~.invention, a data size and a transfer method are set for

each segment based on the setting information from the



an external equipnment is set by the setting information from an externa
equi pnent thereby to permt the external equipnent to access the segnents
with smaller than a normal access unit for an inproved random access
efficiency. According to a still further aspect of the present invention,
there is provided a recordi ng-reproduci ng apparatus, wherein different
recordi ng-reproduci ng areas are set for different segnents based on the
setting information supplied from an exTéPnal equi pnent, and in this way
one-to-one correspondence can be established between the

recor di ng- r eBXSBEERAgeIPEBEeREd BRR ShedAta tTaesfey fHem 2nrdctagthee
identity between the data in each _segnent and the data on the disk. Wile
t he novel fe&FEFEQagfe@“ipﬂﬂVEn?FGn* PR and_%q_thgrecr¥ding medigm |y in
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to the first
requirement, or the requirement of data other than the

moving picture data.

Accordini to a further aspect of the present
invention, there is| provided a recording-reproducing |
apparatus, wherein the unit of access to the segments from
an exteznal equipmeﬁt ls set by the setting information
from an external equipment thereby to peimit the external
equipment to access the_segmehts with smaller than a
normal access unit for an improved random access °

:effiqiency." _

According to a still further aspect of the
present invention, there is provided a
recording-reproducing apparatus, wherein different
recording-reproduci!g arecas are set for different segments
based on the sattinE information supplied from an external

equipment, and in tﬁis way one-toc-one correspondence can |
be established between the recording-reproducing éreas and
the segments, thereby guaranteeing the identity between
the data in each segment and the data on the disk.

While the novel features of tha invention are



enbodinent; FIG 3 is a flowhart show ng the flow of processing an
execution time prediction command according to the first enbodinent; FIG 4
is a flowhart showing the flow of the process for predicting the execution
time of a wite command according to the first enbodinent: FIG 5 1is a

di agram showi ng vari ous parameters of a buffer RAM according to the first
enbodi nent; FIG 6 is a graph show ng an exanple of the accunul ated segnent
anount, the remaining data anobunt and T#E-untransferred data amount
according to the first enbodinent; FIG 7 is a flowhart show ng the flow
of the -get fepthesserbicplanlytimgthe appendad slaims dthea read comand
according to the first enbodingnt; FIG 8 is a flowhart show ng the flow
of processih@"%ﬂﬁﬁ%ef'@t@&%%ﬂﬁa AR R Mddd e a second -

n
embodinent;, FIG 9 is a flowhart show the fl ow of the process for
predi cting _BQV\F?IFa‘b'P‘ieE%‘E%"%i?‘,é‘Ea%M%ﬁ ?‘g PR MR ment; FIG 10

' fl h ] he, f1 f th f dicti bl
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show ng thed£££¥&ﬁ%ion taken in conjunction with the drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a block diagram showing a
configuration of a disk apparatus according to a first.'
émbodiment of the invention; o

FIG. 2 is a flcﬁchart showing the flow of
processing an input/output command according to the first
embodiment; _
FIG._S.iJ a flowchart showing the flow of
- processing an-egeeu%ion time prediction. command .according
to the first embodiment:;

FIG. 4 is a flowchart showing the flow of the
process for predicting the execution time of a write
command according to the first embodiment:

- FIG. §5 is a diagram showing various parameters
of é buffer RAM according to the first embodiment:

FIG. 6 is a graph showing an example of the
accumulated segment amount, the remaining data amount and
the untransferred data amount according to the first
embodiment; R -

FIG. 7 is a flowchart showing the flow of the



processing a transfer data anount request command according to a third
enbodi nent; FIG 12 is a block diagram showi ng a general configuration of a
vi deo processing unit according to a fourth enbodinent; FIG 13 is a
di agram for explaining a nethod of segnmenting the areas of the buffer RAM
according to the fourth enbodinment; FIG 14 is a flowhart show ng the flow
of operation of the video processing unit according to the fourth .
enbodiment; FIG 15 is a flowhart for‘@?plaining the flow of the recording
operation of a recording-reproduci ng-apparatus according to the fourth
enbodinent;Prccﬂgs-fPFGPr§€i¢§iangg renecutienptivei af a peadead data
managenent table according to the fourth enbodinment; FIG 17 is a flowhart
for expl ai nERGWERE FEﬁ?BEgﬁgn§°oEBFafF§ﬁt09m59¢é@%FHFng-reproducing
apparatus according to_the _fqurth enbodinment; FLG 18 is_a flowhart for
expl ai ning the data r&&F-efa sbﬁeﬁi?ﬁﬁﬂaﬁ ShPWiBEtRE- F&BF0RECi ng
appar at us according t-0_t he fogr;h ggboginepg; FIG 19 is_ a giagranlfor
expl ai ni ng ERESEPFE HaRaJERRAFSF nREFREPEH" cfﬁgﬁ?ﬁé TPARf ourth -
enbodi nment ; a_f mckgr£gigﬁ4gég£aining the automatic preread

dci ’ '
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FIG. 9 i€ a flowchart showing the flow of the

process for predicting a writable data size according to

the second embodiment;

FIG. 10 is a flowchart showing the flow of the
process for predicting a readable data size'according to
the second embodiment;

FIG. 11 is a flowchart showing the flow of
processing a transfer data amount request command
according to a third emBodiment;

FIG. 12 is a block diagram showing a general
configuration.of a video processing unit according to a
fourth embodiment:; |

FIG. 13 Js a diagram for explaining a methed of
segmenting the are;s of the buffer RAM according to the
fourth embodiment;

FIG. 14 is a flowchart showing the flow of
operation of the video processing unit according to the
fourth embodiment:

FIG. 15 is a.flowchart for explaining the flow

of the recording operation of a recording-reproducing

apparatus according to the fourth embodiment;



apparatus according to the fourth enbodinment; FIG 21 is a flowhart for

. explaining the recording operation of a recording-reproduci ng appar at us
according to a fifth enmbodinent; FIG 22 is a flowhart for explaining the
reproduci ng operation of a recording-reproduci ng apparatus according to the
fifth enbodiment; FIG 23 is ajflowhart for explaining the prefetch
operation of a recording-reproduci ng apparatus according to the fifth
enbodi ment; FIG 24 is a flowhart for =@23pl ai ning the recording and
reproduci ng operation of ‘a recording-reproduci ng apparatus according to a
si xt h enbodi nent ; FIG. p6GCisp® iddagrem foamekpladning ai prexeadquest
accunul ati on queue according to the sixth enbodi nent of the invention; FIG
26 is a bIO@E%EiH&P&Eﬁ@ﬁﬁﬁﬁ%Qb&GCBﬁFpﬁéiﬁgiﬁﬁ Sheafauskhapphedimensecor di ng

to a seventh enbodi nent of ghq i nvention; FIG 27 ii gaglock di agram
showi ng a configurati §F%f 1 ASbaFACHGhaTY Eor: SXP-GAB1RG (5t he seventh

enbodi ment; FIG .28.is a_diagram show ng the. correspondence between the
segnent  sei RS CPRGIEEPPEFaRLBET PE: acBREPERABAT EBPTOdHGLBCAPEEEREHE of a

buffer RAM according to the fourth embodiment;

FIG. 18 is a flowchart for explaining the data
retrieval operation of .a recording-reproducing apparatus
according to fhé foﬁrth émﬁodiment: |

| " FIG. 19 is a diagram for explaining the file
management informatron according to the fourth embodiment:

FIG. 20 gs a flowchart for explaining the
automatic preread obezation of a recording-reproducing
apparatus according to the fourth embocdiment:

FIG. 21 is a flowchart for explaining the
recording operation of a recording-reproducing apparatus
according to a fifth embodiment;

- ' FIG. 22 is a flowchart for explaining the
reproducing operation éf a recording-reproducing apparatus
according to the fifth embodiment;

FIG. 23 is a flowchart for explaining the
prefetch operation rf a recording-reproducing apparatus
according to the fifth embodiment;

FIG. 24 is a flowchart for explaining the
reéording and reproducing operation of a
recording~-reproducing apparatus according to a sixth

emMbOdLMENts . -+ cwo o mavi
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FIG 29 is a flowhart show ng the operation of processing a segnent
setting command in the di sk apparatus according to the seventh enbodi nent;
FIG 30 is a diagramshow ng an exanple of changing a segnent setting in
response to a segnent setting command according to the seventh enbodi nent;
FIG 31 is a diagramshow ng vari ous paraneters associated with the segnent
accunul ati on, the host transfer (neanigﬂ%data transfer to or fromthe host)

and the disk transfer (neaning data tr#ffTer to or fromthe disk) according

to the seventh enbodinent; FIG 32 is a flowhart, show ng the process of
data transfer from af %t &hats & AiAegram L85 sxpleindng @ reauestent
according to the _seventh enbodi nent; a _flowhart show ng

25. FIG 33is a.
the host t RgfYmMulation, gueus, acecordingnto; Fhe EF§Fga€@BPGFH§nFo°fhe sevent h

enbodi ment ;_ Fl 34 1.,s a flowghart showi ng the host transfer process froma
disk to ané?ﬁ%ﬁaggﬁﬁgﬁp"accor ing to the seventh enbodinent; FIG 35 is a

ISR e e S E IR S R e
et R A S
embodiment of the invention:

FIG. 27 is a block diagram showing =a
configuration of a HDD control circuit according to the
seventh emﬁodiment;

FIG. 28 is a diagram showing the correspondence
between the segment getting register of 2 buffer control
circuit anﬁ each sagmén£-of.a Suffer'RAM;

o | JfIdt'ég iéiézkibwcﬁart'éhbwing the'apefaticn of
processing a segmén% setéing command in fhe disk apparatus
according to the se&enth'embodiment;

FIG. 30 is a diagram showing an example of
changing a segment setting in responsa to a segment
setting command according to the seventh embédiment:

FIG. 31 is a disgram showing various paramsters
associated with the segment accumulation, the host
transfer (meaning data transfer to or from the host) and
the disk trahsfer (heaning data transfer to or from the
disk) according to the seventh embodiment:

FIG. 32 is a flowchart showing the process of

data transfer from an external equipment such as a host to

a segment according to the seventh embodiment;



bet ween the segnentation of the buffer RAM and the segnent setting register
according to a ninth enbodinment; FIG 38 is a diagram show ng the
correspondence between the segnent setting register of the buffer control
circuit, the segnentation of the buffer. RAM and each area on the disk
according to a tenth enbodinent;" FIG 39 is the bl ock diagram showi ng a
system configuration of a conventional recording-reproduci ng apparatus; and
FIG 40 is the di agram showi ng the neto#Pdf controlling the segmentation
of the buffer nenory of the conventional disk apparatus constituting.a
recor di ng-r eproduci ng Blpar3d uks 8 tElewehamt rshawing cthe thostsormansfert | of

t he -26- Figures are schematic representations for purposes of

i | | ustrati orPEIREHO from @ Gegment \taj@idisk peconding te dhevsestendh or

| ocations of the el enents shown. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS A
di sk appareﬂ?ﬂPQQiqﬁﬂ' cordlng repr oduci ng apparatus according to preferred

enbodi nents of the pr venti o mAII | ai ned bel ow with reference
to the acconpanyi ng dﬁ%&#hdi :éiég*§g].q%;ﬂfﬁﬁ(ﬁﬁFQﬁéﬂﬁ

show ng a C(E]:t&c%gsatflr%'al %f dq.s‘ig % %Q:rh%tru (I:nce%rtd 'a?:%or%.i%gf 'tros t1:he

enbodi nent .
seventh embodlment.,

FIG. 35 ig a flowchart showing the host transfer
process from a segmi;t to an external equipment according
to the seventh embodiment;

FIG. 36 is a flowchart of processing a transfer
rate.setting command according to an eighth embodiment;

FIG. 37 is a diagram showing the correspondence
between the segmentation of the buffer RAM and the segment
setting register according to a ninth embodiment;

FIG. 38 is a diagram showing the correspondence
between the segment setting register of the buffer control
circuit, the segmentation of the buffer RAM and each area
on the disk accordihg to a tenth embodiment;

FIG; 39 is the block diagram showing a system
configuration of a Eonventional recording-reproducing
apparatus; and

FIG. 40 is the diagram showing the method of
controlling the segmentation of the buffer memory-of the
conventional disk apparatus constituting a

recording-reproducing-apparatus.

It will be recognized that some or all of the



In FIG 1, a disk apparatus is connected to an external equi pnent (not
shown) such as a host conputer through an input/output bus. Data are
received and transmtted between the di sk apparatus and the external

equi pnent by an interface circuit 2. As shown in FIG 1, in addition to the
interface circuit 2, the disk apparatus according to the first enbodi nent
.conprises a buffer RANIS mhlch s a ten&orary menory circuit of data, a
‘read/write signal processing CIrCUIt 4-#BF encodi ng and decodi ng the data,
‘a head-di sk assenbly 5, an actuator drive circuit 8 and a HDD control
‘circuit 9. TAGuUREM AZeascheBaAsirareBEeSentRtioR®nfeE CR4EPPRS®r9E and HDD an
~abbreviation_of a hard disk drive. -27- The head-di sk assenbly 5
includes a didnstragigeagndsdenped Beﬁﬁﬁs%ﬁl5¥tééﬁiﬁt7t qh%“ﬁ%?hator 7 s

‘driven by an ator .drive circu ont circuit 9 is for
‘controlling® FﬁéEEﬁFfﬁizﬁﬂNPE i?ﬁétigﬁﬁ/ﬂ; FQEDPB o%%%g?hg circuit 4
‘and the actuator drive circuit 8 on the basis of varlous commands supplied
fromthe external equipnent. The interface circuit 2 issues data fromthe

‘external equgBPRRPr2Oft BPTPREISREFERRED' EMBESIMENTOM the external equi pnent
to the buffer RAM and the HDD control circuit 9, respectively. The

‘interface circuit 2 ol Qulsk tEppadatcast b@mat pecbriing-réprddaetdnghe cornmand
response fromthe HDD control circuit 9 to the external equipnent.
apparatus according to preferred embodiments of the
present invention will be ezplained below with reference
to the accompanying drawings.
| <<Embodiment 15>
R .
FIG. 1 is|a block diagram showing a

configuration of a disk apparatus according to a first

embodiment.

In FIG. 1, a disk apparatus is connected to an
external equipment (not shown) such as 2 host computer
through an input/output bus. Data are received and
transmitted between the disk apparatus and the external
equipment by an interface circuit 2. Aas shown in FIG. 1,
in addition to the interface circuit 2, the disk apparatus
according to the first embodiment comprises a buffer RAM 3
which is a temporary memory circuit of data, a read/write
signal pfocessing c!rcuit 4 for encoding and deceding the
data, a head-disk aLsembly 5, an actuator drive circuit 8
and a HDD control circuit 9. The RAM is an ébbreviation

of a random access memory, and HDD an abbreviation of a

hard disk drive.



The read/wite signal processing circuit 4 encodes the wite data fromthe
buffer RAM 3 and outputs it as a wite signal to a head 6a. Al so, the
read/wite signal processing circuit 4 decodes the read signal read by the
head 6a froma track of the disk 1 and outputs it as. a read data to the
buffer RAM 3. The HDD control circuit 9 receives a command fromthe
external equi pnent through the interface circuit 2 and interprets the
command. The HDD control circuit 9 that2Ras interpreted the conmand
controls the buffer RAM 3, the read/wite signal processing circuit 4 and
the actuator drive ci Fbei hegdr-Aéskbassembdyf 5r inchudeata diskeland read
operation. Also, when the command requests a -28- response, the HDD
control cirbard 9s§emBlY a6 candedn ACEWRERE To tTRe SGEIFERT chuipnent
through the interface circuit 2. The actuator drive circuit 8 outputs a
drive si gnafi*iyenhiy ap uBFBVaVEEaQW% rChRCHEE Uit or TR HIPD o fromthe
HDD control ¢ircuyit 9, The acttatoy drive ciycuit 8 controls the operation
of the act uStEFU¥TaRdifnes Fﬂ_tﬁ%;ﬁF%%.F%?oﬂ%ﬁ%?ﬁémﬂéé%'égg%nbly 6

Cper Bt 100, ShuHer R0t Lo tl | EHetladlca P L 20y Sod MR coip el ol roui
described afQygaWLhlcRPeCEPLA' PRE YhLLs " SF CLEPES S CdbiBnad dbriea
from the external equipment. | |

The interface circuit 2 issues data from the
external equipment ;nd_coqmands, i.e., requésts from the
external equipment to the buffer RAM and the HDD control

' gircuit 9, respectivély. The interface circuit 2 outputs
the data from the buffer RAM_; and the command response
f{g@l?he_npp conﬁ;ql circqiﬁ_B to the external equipment.

| The“reﬁdlﬁrifé ;iégél ér;cessing circuit 4
encodes the write déta ffﬁm.the buffer RAM 3 and outputs
it ag a write signal to a head 6a. Also, the read/write
signal processing circuit 4 decodes the read signal read
by the head 6a from a track of the disk 1 and outputs it
as a read data to the buffer RAM 3.

The HDD control circult 9 receives a command
from the external equipment through the interface circuit
2 and interprets the command.” The HDD control cixcuit 39

*tH4t"Ras Interpratdd the'Goimand controls-the buffer RAM
3, the read/write signal processing circuit 4 and the
actuator drive circuit 8 thereby to perform the data write

and read operation.| Also, when the command requests a



FIG 2 is a flowhart showi ng the operation for processing the input/output
command by the HDD control circuit 9 according to the first enbodi nent. In
FIG 2, upon application of an input/output comand fromthe external
equipnent to the HDD control circuit 9 through the interface circuit 2
(step S1), the HDD control cirguit 9 judges whether the applied

| nput/out put conmand is the ong requiriig)the prediction of the execution
time or not (step S2). In the case wher4®The applied input/output command
is the one requiring the prediction of the execution tine (execution tinme
predi cti on naspanas. the I aantrok igkrarit Fe gives /o @ommansomand i s
predi ct ed -29- according to the paraneters of the input/output operation
del i vered ®esponaendpiher@xtarngdd equiomends thirough &hef intendoy st ep
S3). Then, the predicted execution tinme is conpared with a deadline
prOV|d|ngaf#ﬁﬁ&%ﬁu%%cﬂerable execution tine dellvered as a conmand
paraneter (step S4). \Wen the execution tinme js | onger than t he

deadl i ne, the data i miR/IEHREOT sd%&‘é%lﬁjeEF‘{’s*E ‘55 pu |? ’x'/\ﬁ‘éﬁ] t he
execut oh (i ls Loel ap iie Aeaduns, Ve Sl Lo not
an error teé'ilrgr{ég.tl npl'ﬂort% eﬁfqﬁ corr%r% ) ci'z%v.{i 9CaS Gl el Q:u%tt%Q %%ik}édges

that the appl the one requiring t
circuit 8 contzrols the operation of the actuator 7 and

moves the head 6a through the head assembly 6.
[Operation of HDD control circuit]

| The operaLion of the HDD control circuit 9 of
thé disk apparatus éccordlng to the first embodiment
configured as described above will be explained with
reference to FIGs. 2 and 3.

FIG. 2 is a flowchart showlng the operation for
processing the input/output command by the HbD control
circuit 9 according to the first embodiment,

In FIG. 2, upon application of an input/ouﬁput.
eommand from the external equipment to the HDD control
dircuit 9 through the interface circuit 2 (step S1), the
HDD centrol circuit 9 judﬁes whether the applied
input/output commanh is the one requiring the prediction
of the execution time or not (step S2).

In the c#se where the applied input/output
command is the one requiring the prediction of the

. execution time (execution tihe prediction command), the

execution time of the input/output command is predicted



predi ction of the execution tinme, on the other hand, the data input/output
operation is imedi ately executed is step S5. FIG 3 is a flowhart show ng
t he operation for processing the execution time prediction comand by the
HDD control circuit 9 according to the first enbodinent. In FIG 3, upon
application of an execution tinme prediction command fromthe external

equi pnent to the HDD control circuit 9 %ﬁtep S11), the HDD control circuit
9 predicts the execution tine of the inplUi/output command according to the

araneters delivered thereto as command paraneters for input/output
b T £

operati on FRFIHIRGRR e RAAANGHETH LLIH] IR B LY EPUM CR8ZASHIDN ti ne
15 A R W D e
ref erence t% ngﬁd{ﬁéﬁ%é) G s I%I\A%F#éctéﬁedsﬁd‘vﬁcr‘\'g e T W t he

brocess foledigdhidd ditkd NP QRPHAD prdiafly B Wdd P et Lhe 11 me

when the data transfer to t 3 omthe external equlpnent is

conpl et ed. difedliith i tind Gerivdiea HPD £ Binind i idedyd i (stleff @WHAr €S an.

avai | abl e segnent size with the size of the wite data to be transferred

(transfer dffigh StHe)exSiPPion Bimd NLd o te Axhgdie rthdrh ery Ad=wl iqeS egENt
si ze : ! :
the data input/output is executed (step S5), while when

the execution time is longer than the deadline, the
input/ocutput is not exécuted, but the judgement result is
notified to the external equipment as an error termination
process (step S6).

In thq case where step S2 judges that the
applied input/output command is not the one requiring the
prediction of the execution time, on the other hand, the
data input/ocutput oéeration is immediately executed is
step SS5. ;
o | FIG. 3 iJ a flowchart showing the operation for
processing the execution time prediction command by the
HDD control circuit 9 acéording to the first embodiment.

In FIG. 3, upon application of an execution time
prediction command from the external equipment to the HDD
control circuit 9 (step S11), the HDD control circuit 9
predicts the execution time of the input/cutput command
according to the parameters delivered thereto as command
parameters for'input/cutput operation and the internal

‘gtate of the HDD (step S12). The execution time thus



Is larger than or equal to the size of the wite data in step S21, the tine
when the continuous transfer is termnated is calculated fromthe bus
transfer rate and the transfer data size (step S27). In the case where the
transfer data ,size is larger than the avail abl e segnent size, on the other
hand, the occurrence or non-occurrence of an overflow is judged (step S22).
In the case where no overflow occurs, the transfer termnation tinme is
calculated fromthe bus transfef rate a®-the transfer data size (step
S27). In the case where an overfl ow occurs, on the other hand, the size of
t he data noPredisserd Asdpxocessede fornpoti ficagionf KetepcSlBience is

cal cul ated (step S23). Then, the period during which the transfer is

term nated ilEXSGHFEQRY tdme PEeddctdrh: PgoseE8]of the data not yet

transferred (step S24 and .t he situyatjon is discrimnated according to the
period during which. t Re%r 0 é‘eqaé'iﬁii PRSFASE P Ofp S&2p §12s4ip) thRow, each

o oot 9 R R TR TSR] ot hib Tl
paramet oL SuphSeld bseratedeateg, dineakR. Uoehl L, Sro0% TP 1S Shonn
RAM 3 15 defined as fqlleovg Ig W3Rkl TnBwing ehl® 38l pRR g0l Prrent

pfocess for predicting the execution time of a write

command, i.e, the time when the data transfer to the

buffer RAM 3 from the external equipment is completed.

As shown-in FIG. 4, the HDD control circuit 9
first compares an available segment size with the size of
the write data to be transferred (transfer data size)

(step S21). In the'casa whe:e the available segment size
ig larger than or egqual to the size of the write data in
step S21, the time when the continucus transfer is
tezminated is calculated from the bus transfe; rate and
the transfer data size_(step s27). |

In the case where the transfer data size is
larger than the available segment size, on the other hand,
the occurrence or non-occurrence of an overflow is judged
(step S22).

In the case where no overflow occurs, the
tranéfer termination time is cﬁlculated from.the bus
transfer rate and the transfer data size (step §27). 1In

the case where an overflow occurs, on the other hand, the

size of the data not transferred as of the time of



the buffer RAMis defined as Vb (in units of WMB/s), the wite speed from
the buffer RAM3 to the disk 1 is defined as Vd (in units of MB/s), the
segnent size assigned to the wite command is defined as Mo (in units of
kB), and the wite data size to be transferred is defined as Mc (in units
of kB). Also, as a function of timet (in units of nms), the segnent
accunmul ati on anount at tinme point t is _defined as Ms(t) (in units of kB)
the amount of the data transferred to tHe segnment by a command at- or before
time point t and remaining in the segment is defined as Mi(t) (in units of
kB ), and {TRBTH ST ORI Ga felpalatedzsstepaAdRarr eBhBY, athe

new y-i ssued conmpmand but not yet transferred as of the overflow tine Tovf

i s defi ned REFIAX FORLRG Whigh theotrappsfer) &s Seryipagedphssiudeng an
arount - Mi( BET e GebrintRtad £hke GEatDRcAREa DY, NEoTEsRBRETER A, and
of t o poithted Sediunangl T S olids®inndBtr IndRarte) RERRRALOE et co
V(O set | IR PeRLed Wriky MER B TelnkkRE (30 eSFhihOSER (1D 7T

previ ous c gﬁg&pgzg it g8 (nB), the access period Tw2 due to a
nemAy-issug comand 1S seR tq 12 (nms), the disk wite

Now, each! processing step of execution time
prediction will be explained in detail with reference to
FIGs. 5 and 6. |

FIG. 5 is a diégraﬁ showiﬁg various parameters
of the buffér RAM 3 according to the first embodiment. As
ghown in FIG..S, according to the first embodiment, each
parameter for the buffér RAM 3 is defined as follows:

The transfer rate from the external equipment to
the buffer RAM is defined as Vb (in units of MB/s), the
write speed from fhe buffer RAM 3 to the disk 1.is defined
as Vd (in units of MB/s), the segment size assigned to the
write command is detined as Mb (in units of kB), and the

write data size to pe transferred is defined as Mc (in

units of kB). |

Also, es a function of time t (in units of ms),
the segment accumulation amount at time point t 1s defined
as Ms(t) (in units of kB), the amount of the data
transferred to the segment by & command at or before time

.point t and remaining in the segment is defined as Md(t)

(in units of kB), and the amount of the data tc be



period Tdl due to the previous command is set to 16 (ns), and the disk
wite period Td2 due to a new y-issued command is set to 24 (ns). As shown
in FIG 6, the time period during which the transferred data is finally
witten in the disk 1 is divided into bel ownentioned four tine zones
respectively having the periods T1, T2, T3, and T4 to calculate the segnent -
accunul ati on anount Ms(t), etc. (1) Tl period: 0 <t [err] Twl The T1 :
period is the head seek and the rotati o8&~ | atency, tinme due to the

previ ous command i ssued before a predicted tine. -33- The access period
TW is cal c¥ransferremd bycahnawlpoissied gommesdpbatii nbedyetne point and a
target head position, the speed profile at head seek tinme and the disk
rotational &$p8pgferrpdi ge efsthmheverthewhsinesBokfand Gafinedaasonal

| at ency are_ ovyer he ,access period TW = 0. (2) T2 period: TW <t [err]
Twl + Tdl TH&¥%Eb§ér§bG MBAtEsefit B9 e period during which the data is

witten in the disk i&Pqes onse to thglc%e nd i ssued before the predicted
time point. The disk WaX e%pé'rsi Bd IFEPY § | 2P 8*PPBAL: RE FhARISNDUNt

nccording. t L-oh, SepsnplRe ghoeh BoPu1800oh dncuit MaLS, SBREY)
amount Md(t)igf'tha remé}ning data transferred by the
pfevious command, and the amount of data Mu(t) not yet
' fransferred by a newly-issued command as of time point t.'
In the graph of FIG. 6, the parameters include
Vb set to 16 (MB/s), Vd set to 4 (MB/s), Mb set to 128
(kB), Mc set to 96 (kB), and Md(0) set to Ms(0) equal to

64 (kB). Also, the access time Twl dus to the previocus

command is set to Slcms), the access period Tw2 due to a
newly-issuad commanL is set to 12 (ms), the disk write
period Tdl due to the pravious commend is set to 16 (ms),
and the disk writé peridd Td2 due to''s newly-issued
command is set to 24 (ms).

As shown.in FIG. 6, the time period during which
the transferred déta is finaliy written in the disk 1 is
divided into below-mentioned four time zones respectively
having the periods Tl1, T2, T3, and T4 to calculate the
segment asccumulation émount Ms(t), ete.

(1) T1 period: 0 < t s Twl

The T1 p  iod is the head seek and the

Tatational latency time due to the previous command issued

before a predicted time.



(3) T3 period: ™ + Tdl [err] t [err] Twl + Tdl + Tw2 The T3 period
‘represents the head seek and the rotational latency tine due to a new
.command to be issued. The access period Tw2 is calculated fromthe head
position as of the time point of T2 period termination, the ta get head
jposition, the speed profile at the head seek tinme and the disk rotational
'speed. (4) T4 period: Twl + Tdl + Tw2 <t [err] Twl + Tdl + Tw2 + Td2 The
T4 period represents the period of ti me3@aring which the data is witten in
‘the disk in response to a new command to be issued. The disk wite period
'Td2 is cal cul at ed froffheh@ccess3perdod Twl; dsvcaleulatedadzroer the and t he
disk wite speed Vd according to equation &2). Td2 - M/ Vd

(2) Now, eabgas: ppsdtipReatxEbgt PERALFFRADFABRCPPIAtPRBREStRERREhe Wite
command shown in FIG 4 'wil| be described_ in detail. Step S21: The
avai | abl e sB§dnPosirdops thaparegdwpPrRfike ataherdr sggkatimgcandcthe

avai |l abl e segnent size (M - “M8{0)) s conpared with the transfer, data size
M at the pFéE#CFEGaFFHEaﬁoFEF9&Ste5“S§§9ng33§eWg%FeaERFohﬁﬂ t fePKan '

overfl ow has aoccurred. I n_ the_case where the transfer data size
and %ge rotational a%ency are over, %Le access perioa-Twl

= 0.
(2) T2 period:.Twl < t £ Twl + Td1

The T2 pe%iod represents the period during which
the data is writfanlin the disk in response to the command
issued beforea the p;edicted time point.

The disk write period Tdl is calculated from the
data amount MAd(0) remaining at the predicted time pint and
the disk write spsed Vd according to egquation (1).

Tdl = MA(0)/Vd | (1)

(3) T3 period: fwl + Tdl < £ £ Twl + Tdl + Tw2

The T3 period represents the head seek and the
rotational latency time due to a new command to be issued.

The access period Tw2 is calculated from the
head position as oféthe time point of T2 peried
termination, the target head position, the speed profile
at the head seek time and the disk rotational speed.

(4) T4 period: Twl + Tdl + Tw2 < t < fwl + Tdl + Tw2 + Td2

The T4 period represents the periocd of time
during'which the data is written in the disk in response
to a new comﬁand to be issued.

The disk write period Td2 is calculated from the



| arger than the avail able segnent size (Mo - Ms(O < M), the segnent is
likely to overflow during data transfer, and therefore the segnent
accurrul ati on anount is calculated to judge whether an overfl ow has
occurred. The renai ning data amount MI(t) transferred by the previous
command is given by the equation below T1 period: Mi(t) = MI(O

(3) T2 period: Mi(t) = MI(O - Vd x (t - Tw) (4) The data anount
due to the previous command decreases E%%brding to this equation, while the
wite data -35- is transferred to the buffer RAM 3 fromthe external

equi prent , data rakze Me stgmsittranafianzed and e divig writer gpeesc e rence

of an overflow is given by the follow ng equation (5). Ms(t)

Mi(t) + Vb X

t according 44, /uRFIAN t(f) f act that the segment accunul ation
size Mo before continuous, transfer of the

anount Ms(t) exceeds t segnen

data anount M to théTang gzyéAS, the condition under whi®h an overfl ow
occurs is given by t equation pelow. I.n the e tion, bel ow, . Tov
designates the time porfit %?CB&%F#?dﬁf bl ?ﬁﬁﬁé&?%nt{hp?kﬁﬁﬁéﬁﬁﬁgﬁn

remai ni ngvgﬁfgeesé ' #5r FHL o @Vl JAUECO FraP & hQY e Mo and. Tovf

[err] M/
described in detail.

Step S$21: The available segment size is compared with

the transfer data size

The available segment size (Mb - Ms(0)) is

compared with the transfer data size Mc at the predicted

time point.

Step S22: Judgement as to whether an overflow has

occurred

In the case where the transfer data size is

larger than the ava@lable segment size (Mb - Ms(0) < Mc),

the segment is likely to overflow during data transfer,

and thersafore the segment accumulation amount is

calculated to judge whether an overflow has occurred.

The remaining data amount Md(t) transferred by

the previous command is given by the equation belaw.

Tl period:

Md(t) = MA(0) - : (3)

T2 period:

Md(t) = MA(0) - Vd x (t - Twl) (4)

The data amount due to the previous command

decreases according| to this equation, while the write data



"Equations (3) and (4) are substituted into MI(t) in equation (6) to
determ ne the overflow tinme point Tovf and thereby judges whether an
overfl ow has occurred or not. Step S23: Calculation of transferred data
size not yet transferred as of |time point of overflow The data size
transferred to the buffer RAM pefore occurrence of an overflow is given as
Vb x Tovf, and therefore the data size (Tovf) not yet transferred as of
the time of occurrence of an overfIOM/l given by equation (7). Mi(Tovf) =
M - Vb x Tovf -36- Step S24: Judgenent of transfer

t er mi nat i ontHeHasFLenrad &Per'meo\ﬁuf@ara %5%@%%%3{ he buffer
RAM 3 by the amount witten fromthe buffer RAM 3 to the disk

Therefore, & m't Sehdat ithe Segmente c&“%%% ARRURE \M‘Féﬁ”t he data

size Mu(To not transfer ed as of..the tine has been
o ten o r STHAGHE SERHBEeRAR £9 A SRS SHO, L8 Shyem B e e iR ad
seek or rcnégdég} ( ahency occurs during transfer, the disk wite operation
i s suspende SO the transfer to the buffer RAM 3. Consequently, the

transfer is not corrleg(?gi) d‘ugp',@@tth,e isad seek period T1 grzs)the rotational
ansfer t p

| atency period T3. The tr us s conpl eted during eriod or T4
period. Also, in the Gasgdfese <lie ARAD 900K He [digment

accumulation amount Ms(t) exceeds the éegment size Mb
before continuous fransfer of the dafa amount Mc to the
buffer RAM 3, the condition under which an overflow occurs
is given by the eguation below. In thé equation below,
Tovf designates thg=tims point of overflow, and Md(Tovf)
the data amount remaining at the time point of overflow.
Md(TovE) + Vb x TovEf = Mb and Tovf = Mc/Vb
(6)
Equations (3) and (4) are substituted into Md(t)
in equation (6) to determine tne overflow time point TovE
and thereby judges whether an overflow has occurzred or
not.
Step S23:; Calculation of transferred data size not yet
transferred as of time point of overflow | |
. The data ‘ize transferred to the buffer RAM
before occurrence oF an overflow is givan-as Vb x Tovf,
and therefore the d;ta size Mu(Tovf) not yet transferred
as of the time of occurrence of an overflow is given by
equation (7).

Mu(Tovf) = Mc - Vb x Tove (7)



rotational |atency due to a new command does not occur during the transfer,
the transfer is conpleted during T2 period. Oherw se, the transfer is
conpl eted during T4 period. Wether the head seek and the rotational

| at ency occurs due to a new command can be judged by conparing the data
size Mu(Tovf) not yet transferred as of the tine of overflow wth the
remai ni ng data anmount MI(Tovf) due to the previous command. Assune that the
data size Mu(Tovf) not yet'transferred'$§'snaller than the remaini ng data
anount NU(Tovfé due to the previous comand. -37- The data wite
operation due 88ePh824; cviudgenentenf transfiessterminatiencpepledi on of
transfer to the buffer RAM 3. ‘'Therefore, the transfer is not suspended by
the head seek or the PELRE ONEFIRaVenBptaucanoby keansgsarnnd. to| theuch a

2 oal cul af BUEFRTSRAY 878y Hos AEOVRE, vEH oo San EARIHAES BN St |
br ovi ous. cofffafls HhERaht a BPPTEEOREr aEPBrOAES TRRRREPr by CENEIRRRRG i o
comDL £t 20, DREoke REab' BHERE' vhd! Bhe PHLESTTUR! Ry FoT RIS, Sy A (1
rotational LALEOEYr P8 as of the time of overflow is has been written

from the buffer RAM 3 into the disk 1.

In the case where a head seek or rotational

latency occurs during transfer, the disk write operation

is suspendéd and'sc is the transfer to the buffer RAM 3.

Consequently, the tfansfe; is not completed during.the

head seek period Tl or the rotational latency period T3.

The transfer thus is completed during T2 period or T4

period. 2also, in the case where the head seek or the

rotational latency dué to a new command does not occur

during the transfer% the transfer is completed during T2

|
period. Otherwise, the transfer is completed during T4

period.
Whether the head seek and the rotational latency

occurs due to a new command can be judged by comparing the
data size Mu(Tovf) not yet transferred as of the time of
overflow with the remaining data amount Md(Tovf) due to
thé previous command. |

Assume that the data size Mu(Tovf) not yet
transferred is smaller than the remaining data amount

Md(Tovf) due to .the previous command.



to a new command. In such a case, the tine of conplete transfer of the
data not yet transferred is calculated in step S26. Step S25: Calculation 1
of transfer conpletion tine of the data not yet transferred (transfer
conpleted during T2 period) In this case, the transfer is conpleted during-
T2 period, and therefore the overflow occurs during T1l or T2 period.
Dependi ng on the tinme point of overflow occurrence, the transfer suspension
period due to the head seek or rotati or@df=| atency may be included in the
period of transfer of the data not yet transferred. The equation - 38-
for cal cul ation of ththardasaewritepbperationnduddtot ties epravious different
for different overflowtinme: (1) In the case where overflow occurs during
T1 period: commandnsdrtisuwssanstil fhe i coinglletiion Taf/ firdmsfex|aodethe n t he
transfer period of the data not yet transferred. The transfer conpletion
tinme Td (inbwEfer sRAMe3 sunThérefore, Mhocfransiarrisd owt tduspereiet by
suspension tinme and the tine during which the data transferred before the
overfl ow tiHaepesed seckrox tthe rritafionak latency rdusita a®W etion tine
Td is calculated fromequation (8). Td - Tovf + (Twl-Tovf) +

( M- Vbx Tovf §Puymaad 1y, 1n %WW)@IQRR:) /Shg completion ti“(%)°ﬁ Zhe n the case

where an overflo ocqgrs durin per.i od
_ transtfer of the dat not vet transferred is calculated in

step S25.

Assume ¢ Et the data size Mu(Tovf) not yet
transferred is nothless than the remaining data amount
Md(TovE) due to the!previous command.

The.data write operation due to the previous
command is completed before the transfer tc the buffer RAM
3 is completéd. And the transfer to the buffer RAM 3 is
suspended by the head seek or the rotational latency due .
to a new éommand. .Ih such:a.Ease, the_time of complete
transfer of the_data'nof yet transfegrea 18 calculated in
step 525. R

Step S25: Calculation 1 of transfer completion time of
the data not yet transferred (transfer completed during T2
period) |

In this case, the transfer is completed during
T2 period, and therefore the overflow occurs duriqg Tl ozx
T2 period. Depending on the time point of overflow
occurrence, the ¥fansferﬁsu3pension-pefidd due to the head
seek or rotational latency may be included in the pericd

of transfer of the data not yet transferred. The equation



The transfer

suspension period is not included in the transfer period

of

the date not yet transferred. The transfer conpletion tine Td is cal cul at ed
fromequation (9). Td = Tovf + (M- VbxTovf)/Vd (9) Step S26:
Cal cul ation 2 of. transfer conpletion ti-me of the.data not yet transferred
(transfer conpleted during T4 period): In this case, the transfer is

conpl eted during T4 period, and thereforﬁ8
occurs in any of T1 to T4 periods (1) FA®The case where overfl ow occurs

I s possible that an overf

during T1 perjod: ;de Tovf + Tw2 + (MC-VbxTovf)/Vd =

W2 + (M- be?avF?ﬂ9HIatl°n °f(Eb
during T2 perjod: .-Td = + Tw2 + élé#s%/Vd 11)

where overfl
(Mec- VbxTovf)
where overfl

5@@8Fs'd&F|ﬂ§*T§rﬁ§Flbﬂ* f oveF Q?dFiWﬂé Tovf)

| ow

™ +

FE?“Fﬁe hECBRLEtHABr 188/l ow occurs

In the case

+

§8o2n.Femipth ‘ra”ﬁe‘r“u'%%@“\?/%ngxr‘é}/v vf%éé)vgi‘%vm 9

13) St S27:  Cal cul
e

the case where all the

transferred m’an

In

a can
ext er nal equua&suhehomhehau&éhs?w Beriba btaBA&CHata™RLRI @R time Td is

cal cul ated f

rom equati on

. transferred. The transfer completion time Td (in ms) is

.the sum of the time before overflow, the transfer
suspension time and the time d&ring which the data
traneferred before the overflow time point is written in
the disk. This transfer completion time Td is calculated
from equaticn (8)

Td = Tovf + (Twl-Tovf) + (Mc-Vbeovf)/Vd

= Twl + (Mc-VbxTovE)/Vd (8)
(2) In the case ﬁhere an"aferflow occurs during T2 period:

The tran%fer suspension period is not included
in the transfer peJiod of the data not yet transferred.
The_transfer completion time.Td is calculated from
equatien (9).

Td = TovE + (Mc-VbxTovE)/vd (9)

Step 526 Calculatlon 2 of transfer completion time of
the data not yet transferred (transfer completed during T4
period):

In this case, the transfer is ccmpleted-during
T4 period, and therefore it is possible that an orerflow
occurs in any of Tl to T4 periods.

(1) In the case where overflow occurs during Tl periocd:



Td = Mc/ Vb (14) Now, explanation wll be nade
specifically about an exanple of determining a specific total execution
~time in each step of execution tinme prediction process for the wite
command descri bed above. Step S21: Size of vacant'segnent at predicted tine
(M M5(0O) = 64 (kB) Transfer data size (M) 96 (kB) Since Mo - M5(O <
Mc, an overflow may occur. Step S22: The renalnlng anount. Md(t) of the

data transferred to the segment in respom®@-to the preV|ous -40- conmand
is calculated fromequations (3) and (4). fhgrr] (T1 period):
Mi(t) 64 (kB) 8 [err] TR = Tovfr> ﬁé‘MJoﬂPV ( JTwe 6'4 (Mcvérb%Tevf)/squ)

Fron1these equati ons and equatlon (6) concerning the conditions for
overfl ow occurrence, MIETEWL) + THE ¢ f&ﬁ'“"m%ér{d’d'rovf [ er {108
Substituting NHS } 64 for T1 period into Mi(Tovf) .of this equation
det er mi nes Tob#)=In. the EAEeC HRETRN BVBTRAPW) OFEHTP2dpELNgT2 Bﬂriodﬁ X (t -

8), there is no solution._ Step S23: The S|ze of the data not {
transferred i s given by TSqfalonf (LOFavt (MayVp=EoWt )4V |

(15) Step SZ4i3Th§nS£§g 8Lsga% ggto erfEQ%”%LSLQSdaﬁilﬁé T3 period:

Td = Tovf + (Tw1+le+Tw2-Tqvf) + (Mc-VbxTovf)/Vd
= Twl + Tdl « Tw2 + (Mc-VbxTovf)/vd (12)
{4) In the case where overflow occurs during T4 period:
| Td = Tove + (Mc-VbxTovf)/vd (13)
Step S27: Calculation of completion time of continuous
transfer

In the case where all the data can be
continuously transferred from an external eguipment to the
buffer RAM 3, the transfer completion time Td is |
calculated from equation (14). |

Td = Mc/Vb | (14)

Now, explanatlon will be m;da specifically about.
an example of determining a spacific tctal execution time
in each step of execution time prediction process for the
write command described above.

Step S21: Size of vacant segment at predicted time

(Mb - Ms(0)) = 64 (kB) .

Transfer data size (Mc) = 96 (kB)

Since Mb - Ms(0) < Mc, an overflow may occur.

Step S22: The remaining amount Md(t) of the data

transferred to the segment in response to the previous



the tinme of overflowis 32, and the remai ning anount of the data due to the
command previous to overflowis 64. Then the transfer is conpleted during
T2 period. Step S25: The overflow occurs during Tl period, and therefore
the transfer conpletion tine Td of the data not yet transferred is

cal cul ated fromthe bel ownentioned equation (16) Td = Twl + (M - Vb X

ovf)/vd =8 + (96 - 16 x 4)/4 = 16(ns) (16) The above-nenti oned
process' can cal cul ate the execution time~8P-a wite command, i.e., the
transfer -41- conpletion time. Al so in conbination wth other

paranet ers, tFRMMARGsiercabaplatednfroneeguatbengetdl mrdd4lnilarly. FIG
7 is a flowhart shomﬁna t he f|OWI?f t he Ergcess fior predictin? t he
execution tinme of a reall Sofménd, {T& PeERRYSnpME{Fon=t PAhe(®R)the data

transfer fromthe buffep RAM 3.  As own _in.Fl G he control circuit
9 first conpares the siéesoF fh§4p5§2e83rﬁﬁgé‘inMaﬁE bﬁfggil % UWFth the
size of the t ;erred data (step S31). In the first enbodinent, the
preread data siZe'is defined as the size of the data stored in the

 eTporary UL, of [ CUl b 8RO BLESkl 5 bAe' BBa 8RR LISH S b N ocheutlnd ™
the conditions for overflow occurrence,

MA(Tovf) + 16 x Tovf = 128 and Tovf < 6
Substituting M4d(t) = 64 for Tl period into MA(TovE) of
this equation determines Tovf = 4. In the case where
Md(t) for T2 period = 64 - Vd x (t - 8), there is no
solution. |

Step S23: The size of the data not yet transferred ié
given by equétion (15) ;

Mc - Vb x Tovf = 32 o , (15)

Step S24: The size of data not yet transferred as of
the time of overflow is 32, and the remaining amount of
the data due to the command previcus to overflow ig 64;
Then fhe fransfer is completed during T2 period.

Step S§25: The overflow occufs during Tl period, ﬁnd
therefore the transfer completion time Td of the data not
yet transferred is calculated from the below-mentioned
equation (16)

Td = Twl + (Mc - Vb x ovf){Vd

=8 + (96 - 16 x 4)/4 = 16dms) (16)

The above-mentioned prccesé can calculate the

execution time of a write command, i.e., the transfer



the transfer conpletion tinme for continuous transfer is calculated fromthe
bus transfer rate and the transfer data size (step S37). In the case where
the transfer data size is larger than the size of the preread data in step
S31, on the other hand, the occurrence or no-occurrence of an underflowis

" judged (step S32). In step S32, when the HDD control circuit 9 judges that
there has occurred no underflow, the conpletion tine of continuous transfer
is calculated fromthe bus transfer rate~4hd the transfer data size (step
-42- S37). In the case where an underfl ow occurs, in contrast, the size of
the data not gemplethkehctime.asAdsot in combipation withfothers cal cul ated
(step S33), and the period during which the transfer is conpleted is judged
from the cal chereReterse thet hzanaferngempletienntiserean ke fetzgyined,
step S34, the situation is discrimnated according to the period during

whi ch the trafdfdta¥i¥conpl eted, and the transfer conpletion time is

cal cul ated, (5(ep S35 O L RRD) e PR B Bete T Ea B A {2
Steps, of Lhe BLocEss hor Bedisting bhe sussutisn LilE gk 2 ypuge comne
command, i.e., the completion time oﬁ the data transfer
‘£rom the buffer RAM 3. ‘

As shown in FIG. 7, the HDD control circuit 9
first compares the size of the preread data in the buffer
RAM 3 with the size of the transferred data (step S31).
In the first-embodiment, the preread data size is defined
as the size of the data stored in the temporary memory
circuit provisionally.

In the case where the size of the preread data
is larger than the gize of the transfer data in step S31,
the transfer compiefiéﬁ timé“for contiﬁﬁéﬁsltfansfer is
calculated from the bus transfer rate and the transfer
data size (step S37). 7

In the case where the transfer data size is
larger than the size of the preread data in step S31, on
the other hand, the occurrence or no-occurrence of an
underflow is judged (step S32).
| In step $32, when the HDD control circuit 9
judges that there has occurred no underflow, the

completion time of continuous transfer is calculated from

the bus transfer rate and the transfer data size (step



As descri bed

above, the disk apparatus according to the firsf enbodi nment

internally executes the prediction process, and thus can accurately pred
- the execution time of an input/output comand. Al so, execution of an

' i nput / out put

command is determ ned by conparing the predicted execution

time with the maxi mumtol erabl e execution tinme constituting a deadline.
this way, the di sk apparatus executes theéQL cess for time managenent of

I nput / out put
As a result,

can performa

commands by itself and thus ;

ate time managenent taking the execution time into acco

Wi ch & hiohopriority raRuEhe CeRR AR b NG BeGuES oRD
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<<Enbodi nent

that of the dis

1. The operat
enbodi mrent w

_ apparatus accordl ng f[O t_ Irst e ! ownm | n:
F?Ei@& a2 1 REDwARh! ¢heC ket asfg?ﬂgmeE%giige;gggg@d

be explained wth-reference to F

flowchart shogrssl the eagealkeddokikBeoEDPhecabtd! nekr gatt tPaRbsdbredi sk

'(step 534).. In step S34, the situation is discriminated

according to the period during which the transfer is
completed, and the transfer completion time is calculated
(step S35 or S36). |

The steps of the process f?r predicting the
execution time of a read command is %imilar in detail to
the aforementioged steps of the procéss for predicting the
execution time of a write command, and will not be

described any further.

%ggPdisk apparatus according to the | -43- first enbodi nent

i ct

In

accurately define a deadline.

unt

G

As described above, the disk apparatus_according .

to the first embodiment internally executes the pradiction
process, and thus can accurately predict the execution
time of an input/ocutput ccmmanﬁ. Also, execution of an
input/output command is determined by comparing the -
predicted execution time with the maximum tolerable
execution time constituting a deadliﬁe."ln this way, the
disk apparatus executes the.process %or time management of

' |
input/ocutput commands by itself and thus can accurately

define a deadline.

As a result, the disk apparatus according to the



apparatus according to the second enbodi ment for processing a command
requesting the anmount of transfer data. As shown in FIG 8, upon
application of a command requesting the transfer data amount fromthe :
external equipnent to the HDD control circuit 9 (step S41), the HDD contro
circuit 9 predicts the size of the data that can be input or output within
a deadline delivered as a conmand paraneter, on the basis of the

i nformation about the target address, tim3srevailing operation of the
buffer RAM 3 and the head position -44- delivered thereto as comrmand
par anet ers (SigstSempodiment came perddrm adcrriesitimei mansgenent to t he
external equi pnment such as a host conputer (step S43). [Data size

predi ction prekdsg thee emesationoting 4 ndio; acsosantc endncan ereckiD® that r ol
circuit 9 according to the second enbodi ment will be described in detai

bel ow with r PFeFesse ino reads tigeawhile avoddiag Resdtyatios i9 which a
flowchart showing the flow of the process for predicting the data size that
can be witt BAgbcRIioTify Fegpeste isaTregydmed $orpeltoforhexspmtiont r ol

circuit 9 first conpares th vai | abh] e segnent size with the nmaxi mum size
of the transfer data, i$EmPQ A £5 the data continuously transferred

to the buffer RAM 3 beﬂ@ﬁﬁi a disk spparatus accofding to the second

embodiment of the present invention will be explained.
The configuration of a disk apparatus according to the
second embodiment is substantially similar to that of the
disk apparatus according to the first émbodiment shown in
FIG. 1. .

The operation of the HDD control circuit 9
according to the second embodiment will be explained with
reference to FIG. 8. FIG. 8 is a flowchart showing the
operation of the HDD control circuit 9 of the disk
apparatus according to the second emb%diment for
processing a command requesting the a%ount of transfer
data.

As shown in FIG. 8, upon application of a
commandlrequesting the transfer data amount from the
external egquipment to the HDD contro; circuit 9 (step
$41), the HDD control circuit 9 predicts the size of the
data that can be input or cutpuf.within a deadline
delivered as a command parameter, on the basis of the
information about the target address, the prevailing

operation of the buffer RAM 3 and the head position

|



deadline (step S51). In the case where the avail abl e segnent size is equa
to or larger than the maxi num size of the transfer data in step S51, the
maxi mum si ze of the transfer data is defined as the size of the data that
can be input or input (step S56). In the case where the nmaxi num size of the
transfer data is larger than the avail able segnent size in step S51, on the
ot her hand, whether an overflow occurs during transfer is judged (step
S52). In the case where step S52 judges—##at no overflow occurs, the

"~ maxi mum si ze -45- of the transferred data is deternmined as the data size
that can be iaelivered thereteotap SIBpandopacaretsss | (stdp S4Bk, Whan .
judgement is that an_overf |low occurs, the size of the transfer data at the
time of overthevwredigted| data gireplssugtifieqd Heo sthme astarned cul ating
the size of the data transferable during the tipe | ength remaining before
deadl i ne (S5459uipmertpSush agnd Resk Bng‘HEe’{r%ﬁﬁﬁﬁr 4ta at the tine of
overfl ow and Ehe size of the transfer data_during the remaining tine are
added to eachlPRFRS ﬂ%r@ﬁ@dfﬁt%%FCBF%?%sghe total size of the transfer

data. Now, explanation e made in_detail about each step of the data

si ze prediction process %nggcﬁﬁﬁ P6nBRGR E1FRUPTeRICEIPR (10 cthey HRR anet e
for the data é&&@r&[ egi&t:tl‘fg 9 rgggggdigg d1(:a<]; iél?éj saescc]:r% l_eom%o'diment will '
be described in detail below with reference to FIGs. 9 and
10 attached hereto.

FIG. 9 is a flowchart showing the flow of the
process for predicting the data size that can be ﬁritten
before the deadline. ;

As shown in FIG. 9, the HD@ control circuit 9
first compares the available segment gize with the maximum
size of the transfer data, i.e., the size of the data
continuously transferred to the buffer RAM 3 before .
deadline (step S551).

In the case where the available segment size is
equal to or larger than the maximum size of the transfer
data in step SS51, the maximum size of the transfer data is
defined as the size of the data that can be input or'input
(step S56).

| In the case where the maximum size of the
transfer data is larger than the avai&able segment size in
step S51, on fhe‘other hand, whether an overflow occurs
| during transfer is judged (step SSZ). in the case where

step S52 judges that no overflow occurs, the maximum size



The transfer rate fromthe external equipnent to the buffer RAM3 is
defined as Vb, the wite speed into the disk 1 fromthe buffer RAM3 as \Wd
(in units of MB/s), the segnent size assigned to the wite command as M,
the size of the transfer data for the wite command as Mc (in units of kB),
and the deadline as Tmax (in units of is). Also, as a function of tinme t
(inunits of ns), the segnent accunul ation amount at time point t is def
ined as Ms(t) (in units of kB ), and the-4%ange in the remaining data
transferred to the segnent in response to the previous command as of tine
point t as Mkg )tHe trtimsSedfed dat¥d-ikBletdamimed hes ptite afstancigli ng to
the first enbodi nent descri bed above, the period before the transfer data
are witten fthet lgan rbe hinphat kor sodtputiefstep iS36)r tCareversesy , ddscri bed
bel ow for cal cul ation of the segnent accunul ation anount, etc. (1) T1
period: 0 < ttheredsawhare Judgement s othalesan evemrtilbw amicurs] rubteat i onal
| atency tinme due to the command i ssued before the predicted tinme point. (2)
T2 period: TVfiZeref %he ctyangferdatR Ik rthgy time Of pventliowds i s
witten into the disk in response to a conmand i ssued before the predicted
time point. TeAleubagey (gtep SS3), st the same time calculating the
| gize of the data transferable during the time leﬁgth
remaining before ﬁeadline (S54). In;step S55, the size of
the transfer data at the time of overflow and the size of
the transfer data during the temainiﬂg time are added to
‘each other thereby to calculate the total size of the
transfer data.
Now, explanation will be made in detail about
each gtep of the data size prediction process in the HDD
control circuit 9. First, each parameter for the data
gize prediction process is defined as follows.
The transfer rate from the external eguipment to
the buffer RAM 3 is defined as Vb, the write speed into
the disk 1 from the buffer RAM 3 as Vd (in units of MB/s),
the segment size assigned to the wriée command as Mb, the
: !
size of the transfer data for the write command as Mc (in
units of kB), and the deadline as Tmax (in units of ms).
Also, as a function of time t (in units of ms),
the segment accumulation amount at time peint t is defined
as Ms(t) (in units of kB), an& the cﬁaﬁgé_ih the remaining
data transferred to the segment in response to the

previous command as of time point t as MdA(t) (in units of



(3) T3 period: ™™ + Tdl <t [err] Twl + Tdl + Tw2 The T3 period provides
t he head seek and rotational latency tinme due to a new command issued in
the future. (4) T4 period: TWM + Tdl + Tw2 <t [err] Tw + Tdl + Tw2 + Td2
During the T4 period, data are witten into-the disk in response to a new .
command issued in the future. The periods T1 to T3 remai n unchanged by the
size of the transfer data, but the T4 periad is variable with the si ze of
the transfer data. Now, explanation wll 6 made in detail about ~47-

t he steps of Eiwprocess for predicting whether the data has a size that
can be writtef thin the deadline providing the X|nun1tolerable

b ' d
nﬁnhmd L'eZ:";f o Sﬁsfi sd&p"%%ﬁe%%%s%ﬁ%%%g%éﬁem 5 388 %ﬁ“ﬁggfdzz of
e el ARt B e ANt ool bt AL i
transferred capthnypusiyitechnB Al g 1RAhRCRLR Esalgiig?&g 81}9%45;&1 ven by

equation (17)
Judgenent as tﬂmecwﬁégnessehsxsrEépwﬂeéﬂneaieéliawsnae/ﬁ'ér?élsf‘egim

size is not nmore than the maxi mum si ze of the transfer data.
accumulation amount, etc.

(1) T1 period: 0 < t s Twl

The Tl period provides the head sesek and
rotational latency time due to the command issued before
the predicted time point.
(2) T2 period: Twl < t € Twl + Tdl

During the T2 period, data;is written into the
disk in response to a command issuedibefore the predicted
time point.

Tdl = MA(0)/vd
(3) 13 per;pd: Twl + Tdl < £t £ Twl + Tdl + Tw2

The T3 period provides the head seek and
rotatiocnal latency time due to a new command issued in the
future.
(4) T4 period: Twl + Tdl + Tw2 < £t £ Twl + Tdl + TwZ + Td2

During the T4 period, data are written into the
disk in response to a new command issued in the future.

The periods Tl to T3 remain unchanged by the
size of the transfer data, but the T1 period is variable
with the size of the transfer data. |

!
Now, explanation will be made in detail asbout



In view of the possibility of segnent overflow occurring during the data
transfer, it is necessary to calculate the nenory accunul ati on anount
during the data transfer and to judge whether an overflow occurs or not.
"The condition for occurrence of an overflow is that the segnent
accurul ati on anount Ms(t) outgrows the segnment size M before the data
anmount Mrax is continuously transferred to the buffer RAM 3, and therefore
is expressed by equation (18). M(Tovf) +47> x Tovf = Md and Tovf [err]
"Mrax/ Vb (18) -48- Substituting equations (3) and (4). into equation (18)
gi ves the ovetheowtepseofothe prosesskifoy preddssihbewhethedoehahgabgr an
overflow occurs or not. Step S53: Calcul atibn ‘of the transfer data size as
of the as to hASt Besige &thatf caw becwritten Whehinzehdbdéadiinde transfer
date at the tinme of overflow occurrence is given by equation (19). Mvf =
Vb x Tovf  p¥roviding the maxipup) telepablie: egetutiani timef data size
transferred during remaining time During the remaining tinme from an
overflow to the agﬁEISﬁEF agoﬁaéﬁiﬁanabaswﬁpntaUhilabhetbeghemtesiiﬁmﬂ3 to
the disk 1 can Re transferred fromthe external equipnment to the buffer RAM
3. The situat PBf PRXEMUBSSLER(OEESRREABT 8aKAI ch

The available segment size |(Mb-Ms(0)) as of the
bredicted time point and the maximum ;ize Mmax éf the
transfer data are compared with each §ther. Mmax is the
size of the data that can be transferred continuously to
the buffer RAM before deadline, and is given by equation
(17). | | -

Mmax = Vb x Tmax | (17)

Step S52: Judgement as to occurrence of overflow

Assume that the available segment size is not
more than the mazimum size of the transfer data.

In view of the possibility of segment overflow
occurring during the data transfer, it is necessaﬁy to
calculate the memory accumulation amoLnt during the data
transfer and to judge whether an overélow occurs or not.

The condition for occurrence of an overflow is
that the segment accumulation amount Ms(t) outgrows the
segment size Mb before the data amount Mmax is
continuously transferred to the buffer RAM 3, and

'therefore is expressed by equation (18).

Md(Tovf) + Vb x TovEf = Mb and Tovf < Mmax/Vb

(18)



of the T1 to T4 periods includes the deadline and the overflow time point.
The tinme is cal culated during which data can be witten into the disk 1
fromthe buffer RAM 3 between the overfl ow and the deadline. The data size
Ml transferable during the remaining time is calculated on the basis of the
calculated witable time and the wite speed Vd. (1) In the case where the
deadline is included in Tl period: No data is WW|tten fromthe buffer RAM 3
to the disk 1 during the remaining tine bdBween the overfl ow and - 49-

t he deadline. Therefore, the buffer RAM 3 renalns.overflomnng and therefore
data cannot be transf er iSabstiiidnuting Ehpa&dnaswu30lmumhmms dhtbBegoétiba

data transferred during the remaining tine is zero. Ml =
(20) (2) In théﬁdagevahetbetbaeuéadW|némesTDHCLu&Bd3|ma32n9e1t0u0552mmmd|ng
on whet her an overflow occurs during Tl or T2 period, the size Ml (in units
of kB) of thetdajudgeawbeshezdanueveyfing PERULCE A NP¥e i s given by the
fol |l ow ng tmo equations. In the case where an overfl ow occurs during TI
period: MI = vd RtepnffR3: Tﬁp}culation of the transfar:datgasizenas ofin
overfIOM/occurs during T2 period: Ml = Vd x (Tmax - Tovf) (22)
the as to whether an overflow occurrence
The size Movf of the transfer dsta at the time
‘of overflow occurrence is given by equation (19).
Movf = Vb x TovEf ' (19)
Step S54: Calculation of data size transferred during
remaining time '
During the remaining time érom an overflow to
the deadline, as much data as writteé from the buffer RAM
3 to the disk 1 can be transferred from the external
equipment to the buffer RAM 3.
The situation is classified according to which-
of the Tl to T4 periods includes the deadline and the
~ overflow time point. The time is calculated during which
data can be written into the disk 1 from the buffer RAM 3
between the overflow and the deadline. The data size Md
transferable during the remaining time is calculated on
the basis of the calculated writable time and the write
speed Vd. R j
(1) In the case where the deadline is| included in T1
period: |
No data is written from the buffer RAM 3 to the

disk 1 during the remaining time between the overflow and



(3) In the case where the deadline is included in T3 period: Depending on
whet her an overfl ow occurs during which one of the T1 to T3 periods, the
size Ml of the data transferred during the remaining time is given by any
one of the followng three equations (23), (24) and (25). In the case where
an overflow occurs during Tl period: Ml = Vvd x Tdl

(23) In the case where an overfIOM/occuraﬁguring T2 period: Md = Vvd x (Tw
+ Tdl - Tovf) (24) In the case e an overflow occurs during T3
peri od: Ml =0 g§5) (4) In the case
wher e the dea$hpn8epdlinglud@herpiorepeithgdbubEpEnBAMg3oReRALRSer an
overtinme occurs during which one of the Tl to T4 @eriods, the size Md of

the data tranSVerféavdngi agd: fberefer® A3t FANPStgheckTapsEATTeMe of the
foll owi ng four equation 26 (27), .,(28 nd (2 I e case where an
overfIOM/occhBegﬁang $¥gp§%F8d%dNﬂig Vgigs(?%laé)Tﬁgx£g3 2 Td - Twe)
(26) In the case ere_an.overfl occurs._duri T2,period: Ml = Vvd x (Tmax
- Tovf - TV\/Z)%%ans errf%??qungh%ﬁéaggmﬁﬁg%ggaﬁgﬁﬁe?gIﬁﬁFBCcurs during T3
period: Ml = Vd x (TnaX,gs Twlg - Tdl - Tw2) (28) In the cas?zﬁhere an
overfl ow occurs during'ﬁg period: Md = Vvd x (Tmax - Tovf) )

(2) In the case where the deadline is included in T2

(29)
‘period: }
Depending on whether an ovérflow occurs during
Tl or T2 period, fhe size Md (in units of kB) of the data
transferred during the remaining time is givén by the
following two équations.
In the case where an overflow occurs during Tl period:

MAd = Vd x (Tmax - Twl) (21)
In the case where an overflow occurs during T2 period:

Md = Vd x (Tmax - Tovf) (22)
(3) In the case where the.deadline is included in T3
pericd:

| Depepding on whether an ov%rflpw ocecurs during

which one of the Tl to-TS'periéds, tAe éize Md of the data
transferred during the femaining time is given by any one
of the following three equations (23), (24) and (25).
In the case where an overflow occurs during Tl pericd:

Md = vd x Tdl (23)
In the case where an overflow occurs during T2 periocd:

Md = Vd x (Twl + Tdl - Tovf) (24)

In the case where an overflow occurs during T3 pericd:



Step 55: Calculation of the total size of transfer data The total size M
(inunits of kB) of the transfer data is cal cul ated as the sum of Movf
determ ned fromthe above-nentioned equation (19) and Mi determ ned from
equations (20) to (29) Ma= Movf + Ml (30) Step 56:
Cal cul ation of total size of continuously transferred data In the case
where Mo - Ms(0) [err] M, all the data _mq.can be continuously transferred
fromthe external equipnment to the buf f er M 3, and therefore the total
size Ma of all the trar},?éearr(?d data is calculated fromthe f%g oW ng
equation. Ma = Vbenax (31) FIG 1643 a flowchart

showi ng the fl.qw he proce for t.he .data _.si.ze _readabl e
before the déé@li % é) EﬁﬁfﬂFl %%a%ﬁﬁ &8ﬁ?P8FdC§PC§?t 9 first
conpar es thepg&qygﬁd data size in the segnent mnth t he maxi num transfer
data size, i7e e size of the data transferred and continuously read

fromthe buffer RAM 3 bed S&#,;be Seadld 1'!}%]:( %?Fbv%@@imé X gﬁg. \Sa‘?ere_. t he

size of the preread date 1 arger tha e maxi mum transter data -ePze in
step S61, theghAiwn Hh@ Ufarﬁfeerme%odmap%ﬂ%dlss ¢pbi Bedeafal BE €RbAast4C

that can be input or output (step S66).
transferred during the remaining time is given by any one
'of the following four equations (26), (27), (28) and (29).
In the case where an overflow occurs during Tl period:
M3 = Vd x (Tdl + Tmax - Twl - Tdl - Tw2)
(26)
In the case where an overflow occurs during T2 period:
Md = V4 x (Tmax - Tovf - Tw2) (27)
In tﬁe case where an overflow occurs during T3 period:
Md = Vd x (Tmax - Twl - TdJ‘. - Tw2) (28)
In the case where an overflow occursgduring T4 period: ..
| Md = Vd x (Tmax - Tovf) (29)
Step 55: Calculation of the total size of transfer
data
The total size Ma (in units of kB) of the
transfer data is calculated as the sum of Movf determined
from the above-mentioned equation (19) and Md determined
from equations (20) to (29)
Ma = Movf + Md | (30)
Step 56: Calculation of total size of continuously
transferred data j

' |
In the case where Mb - Ms(Q) z Mc, all the data



In the case where the maxinumtransfer data size is larger than or equal to
the size of the preread data, on the other hand, the possibility of an
underfl ow occurring during transfer is judged (step S62). In the case where
judgenent in step S62 is that no underflow occurs, the maxi mum transfer
data size is defined as the data size that can be input or output (step
S66). Conversely, in the case where judgenent is that an underfl ow occurs,
the cal culation of the transfer data =53= size as of the tine of an
underflow (step S63) and the cal culation of the data size that can be
transferred dEdRnBetRENtinUPHBAY trapsfersed fremdthel entermabp S64) are
carried out. The transfer data size as of the tine point of underflow and
the transferr@@uiBPant ¥@ ghei RyffpE RAMasni ARdt theraferadthe tetakch ot her
thereby to calgulate the total size of the transfer data (step S65). The
procesg of_pr%ﬁ?%tVﬁg°?h@a}eEHQbFEEB§FSr§P§edP§as#ﬁiFﬁlcvgaﬂggaﬁIORCﬁheun
of the wwitab%e-fat si ze deicribed above, and w |l not be explained any.-
further. As dESLLP gﬁgaﬁSVEF PRe di sk apparatus according to the second -
enbodi nent can accurate QF?%! t _the data size that can be iﬁ gt or out put
wi thin the deadline by b%ea' I &afhe data size that can be f g t or output
within the deadline in %&E dg%ki@pgakig%%haggngﬁguentI t disk ar at us
jodi ] #ﬁﬁa gﬂ%n? tgﬁ$

according to the second enbodi nent can carry ol ng
‘process for predicting the data size |readable before the

|

As shown in FIG. 10, the HDD control circuit 9

deadline.

first compares the preread data size in the segment with
the maximum transfer data size, i.e., the size of the data
transferred and continuously zead from the buffer RAM 3
before the deadline (step S61).

In the case where the size of the preread data
is larger than the maximum transfer data size in step S61,
the maximum transferred data size is defined as the data.
size that can be input or output (step S66).

In the case where the maxiﬁum transfer data size
is larger than or equal to the size 4f the preread data,
on the other hand, the possibility af an underflow
occurring during transfer is judged (step S62). In the
casé_ﬁhere judgement in step S62 is that no underflow
occurs, the maximum transfer data size is defined as the
data_sizé that can be input or output (step S66).

Conversely,. in the_case where judgement is that an

underflow occurs, the calculation of the.transfer data



the execution time into account and thus can process data in real tine
whil e preventing a high-priority request fromwaiting for execution.

- Further, this disk apparatus can transfer. the maxi num data size that can be
transferred whil e guaranteeing the neeting of the deadline. Therefore, in
addition to guaranteeing the execution tinme of a high-priority request, a
maxi mumtransfer rate is granted for a lowpriority request, resulting in
an i nproved processing efficiency. -5392The segnents, which are assigned
to wite and read commands separately according to the first and second
enbodi nents dEkERi BELELBRG, tiAR aft aRnuRdeEF]oW(BEaP gPEI) i andicw dance

wth the order of priorit so, unlike in the first and second
| enbodinents_e?%f%?ﬁ%ﬁlﬂft%frg*%r@ﬁﬁé ng?hghﬁﬁs%aﬁh@?etEﬁﬁﬁfiﬁEFd
Drevt ousl | S3yetl SOMBIotHl ! Behdon P dRe g e HIE e
can be obvI ULy SRLENAISHl N foal EAREABNAEL dho% UnTIP SRSTMICTS
o0 e, TRBEGE et BlG0 LA 86015e ke S0 adth UL AR,
al ternativel yeRe 5&haifiAGVeDng bi¥e 208488" 6 0TEN b ML IR e3>
‘calculate the total size of the transfer data (step S65).

Thea prcces$ of predicting the readable data size
is similar in detail to that of the writable data size
described above, and will not be explained any further.

As described above, the disk apparatus according
to the second embodiment can accuratély predict the data
gsize that can be input or ocutput witt}!in the deadline by
predicting the data siza that can be .input or cutput
within the deadline in thé disk apparatus.

Consequently, the disk apparatus according to
the second embodiment cén carry out time management taking
the execution time into account and thus can process data
in real time while preventing z high-priority request from
waiting for execution. Further, this disk apparatus can
transfer the maximum dﬁta gize that é;h be tfansfefredr
while guaranteéiné.the meeting of the desdline.

Therefore, in addition to guaranteeing the ezecution time
of a high-priority request, a maximuq transfer rate is
granted for a low-priority request, fesulting in an

improved processing efficiency.



Now, explanation will be made about a di sk apparatus according to a third
enbodi nent of the present invention. The configuration of the disk

- apparatus according to the third enbodi nent is substantially simlar to
that of the disk apparatus according to the first and second enbodi nents
shown in FIG 1. The operation of the HDD control circuit 9 according to
the third enbodi ment will be explained witga reference to FIG 11 attached
her et o. FIG 11 i1s a flowhart show ng the-operation for processing a

d i f - by _th | Qi i |
accor di née?‘:ff?,'e”?h?rére S%Ei%g@%%%”‘@#&%’%fﬁ Bt e hrss hb, 7o of
Che HDD cont r BEa PomieGd 3eBarathly ARLCEARATYRT SR B1R3r, S8Y) fEEdla’
whet her the 'Eg}%aiﬂ d 9a3Rr3 $eR! 2bdvkedUgA! a}%zhﬁ%i(z@i?eﬂgt eséigﬁeda

request for the preread data Size or a réquest for the wi ata sTze

(steps S72, S{3 apbdrdhfite WAeHPRBECRFada! 8FSpEeordtgel i ned as the data
size stored in the tenporary nmenory circuit fromthe disk. In the case

where the input comand NIy eafiliiked irediRs if 1ot @@ seeadndakabsidifienthe . -
preread data size of a corresponding segnent is set as the transfer data

size (step S7bxplbinkiewdahe refferrenche tonghe caseanberepoalgnbhea request
for the preread data size, on the
‘previously-issued command exists in the segments as of the
time of prediction processing, the execution time and the
transferable data size can be obviocusly calculated in a
similar manner also in the case where there exist data due
to two or more commands.

Further, apart from the first and second
embodiments in which the deadline is sent to the HDD as a
command parameter each time of prediction processing, the.
deadline can alte:nafively be set in-ad&ancé by anothei .
command.

<<Embodiment 3>> i

Now, explanation will be m%de about a disk
apparatus according to a third emhodiment'af the present
invention. The configuration of the disk apparatus
according to the third embodiment is substantially similar
td that of the disk apparatus accozrding to the first and
second embodiments shown in FIG. 1.

The operation of the HDD control circuit 9
according to the third embodiment will be explained with

raference to FIG. 11 attached hereto.



ot her hand, the size of the corresponding avail able segnent is set as the
size of the preread data (step S76). Also, in the case where the input
command represents a request for the wite data size, the size of the
correspondi ng vacant segnent is set as the transferred data size (step
S77). Finally, each data size thus set is notified to the externa

equi pnent (step S78). As descri bed .abov I n the di sk apparatus
according to the third enbodi nent, the bufggF”RAwldf t he di sk apparatus is

checked for the transfer e data_size, and the siZe of a an avajlable size
of a corresponding segneggbo 93 g sPZEIBVCgﬁﬁthB?EéBQdEPﬁf?Be¥ﬁﬁ+¢¢e§93/6

lt, d d.b h ' dth
i <k apphr at U SRR RS T hER FABRREIAY £GFHE e Hae Rk B an
' / f Si f the data to b
L1 anst orr bd. and 8 R A8y PERE PP RHEy B dTg 1€ the HREd e sk

apparatus accQghidehd he third enbodi ment, the execution tine of an
i nput /out put request can be accurately and easily cal cul ated, thereby

facilitating the tinme nmaadeRBRA- 14! Foc.t e, d%%&agp?%féél@i&gcgf ding to the

third enbodi nent can produce the effect of reducin e ocCcupi ed Yime of

the input/out pomnurd Yapredbinglad rrdiutd O W HRUDE AP T 180 ,3h Way's

by transfer in bursts. <<Enbodi nent 4>>
equipment to the HDD control circuit 9 (step S71), the HDD
control circuit 9 judges whether the input command
represents a request for the read data size, a request for
the prergad data size or a request for the write data size
(steps S72, S73, and S74). The preréad data size is | '
defined as the data size stcfed in tﬁe temporary memory
circuit from the disk. |

In the case where the input command represents a

request for the read data size, the preread data size of a
corresponding segment is set as the transfer data size .
(step S75). 1In the case where the input command
represents a request for the preread data size, on the
other hand, the size of the corresponding available
segment is set as the size of the preread data (step S76).
Also, in the case where the input command represents a
request for the write data size, the gize of the
corresponding vacant segment is set %s the transferred
data size (step S77). '

Finally, eadh data size thus set is notified to

the external equipment (step S78).



Now, explanation will given of a disk apparatus and an input/output control
nmet hod according to a fourth enbodi nent of the present invention. The
configuration of the disk apparatus according to the fourth enbodinent is
substantially simlar to that of the disk apparatus according to the first
enbodi ment shown in FIG 1. The disk apparatus 31 according to the fourth
enbodi nent is -56- different fromthat of other enbodinents in the
control method of the HDD control circuit=3= Specifically, commands are
differently processed with added correspondi ng processing steps. FIG 12 is
a bl ock di agram showi ng &8 cigscgihed iahovus, dn ithe ddisdc eppaygtagpar at us as
an external equi pment for recording and reproducing the video signal using
t he i nput/ out PECESdnGotdhivoF eHbedimenth e thgubufferhBaknest then FI G

12, a video processi%%EaQParatus 32 is connected to the disk agparatus 31
through an i nfdSK.2PPRFE S s, Chrcied 5p5c288 tyanpierablasdada stf@des a

A interface GFCHTE S8R LanErbAVRIJoR® SiBR: CBnB GAFPRFPPBALAA from
Lhe |t ace o, B e 415 S GRRRRI AR et oh ke o2
segmenting t h%e%ﬁfltt?r d@%’g %:a%f gehecr%il'xsslﬁe%%g%r _%E%%gé% the external |
‘equipment and the disk apparatus alw%ys conﬁinuously in
bursts, and the execution time of anéinput/output request
can be calculated from the size of the data to be
transferred and the bus transfer rate alone. In this way,
in the disk apparatus according to the third embodiment,
the execution time of an input/output request can be
accurately and easily calculated, thereby facilitating the
time management. Also, the disk apparatus according to
the third embodiment can produce the effect of reducing..
the occupied tiﬁe of the input/output bus since the data
input/output can be accomplished always by transfer in
bursts.

E
<<Embodiment 4>> |

Now, ezplanation will giveﬁ of a disk apparatus
and an input/dutput control method according to a fourth
embodiment of the present invention. The configuration of
the disk apparatus aqcording to the fourth embodiment is
substantially similar to thaf 6f fhe disk apparafus
according to the !irst embodimént shown in FIé. 1.' The

disk apparatus 31 according to the fourth embodiment is



according to the fourth enbodi nent. The buffer RAM 3 is segnented into a
wite buffer area 3a and a read buffer area 3b. The video processing

apparatus 32 configured as described above issues various requests, i.e.,
vari ous conmands to the disk apparatus 31. Commands requiring data transfer
include a wite command maki ng up a request -57- for witing data, a

preread conmand naki ng up a request for prereading a single data bl ock, a
read command naki ng up a request for readT%@'data,;and an auto read comand
for requesting the automatic readi ng operation by f{he di sk apparatus 31.

Al so, the di sidiffarentstzam c@??%s%grm@'@% enkodingnierinthe 1

command. Upon issue of a command requesting a transfer sjize fromthe video

d
processi ng apfeEtal o the diRR FNtiGe Chrqully by atSReUEIGAL T es a data
[ t hat b ' f d_Int ' [ it
comand or o (ERFISHARE SHEHERG Risestet i adiediata amount |t he
dat di I 1 , [ fl t he di sk t 31 dat
ata recor In%eaor?f%%éé)’{]d“%ic%ﬁ%%ss%%né"?eg:‘éO e di sk appar at us as data

paranmeters. T eco desi gnated using a | ogic address

| ogi cal | y assi gned on thfﬁ&lszli?T§e§%8§Eﬁ§gﬁ%EﬂHe s é§q§ transfer data
at us oge | t

size is issued to the disk appar rw type of the

t ransf-er dat a c%x?ﬁd:\ﬁ%’@ﬂr?dof ey ek AR S iy :‘Qpparatus as an

external equipment for recording and reproducing the video
signal using the input/output control method according to
the fourth embodiment.

In FIG. 12, a video processing apparatus 32 is
connected to the disk apparatus 31 through an interface
bus 33. The video processing apparat%s 32 includes a
microprocessor 34, a buffer memory 3$,which iz a temporary
memory circuit, an interface circuit 36 for controlling
the input and cutput to and from the interface bus 33 and
a video data processing circuit 37 for compressing or
expanding the video data. |

FIG. 13 is a diagram showing a method of
segmenting the buffer RAM 3 of the disk apparatus 31
accozding to the fourth embodiment. The buffer RAM 3 is
segmented into a write buffer area 3a and a read buffer
areza 3b.

The video processing appaﬁatus 32 configured as
described above issues variocus requ%sts, i.e., various
commands to the disk'apparatus 31. Commands requiring

data transfer include a write command making up a request



notifies the data size that can be transferred continuously based on the
accunul ated condition of the buffer RAM 3. The operation for processing the
command requesting the transfer size in the disk apparatus 31 is simlar to
t he process described above with reference to FIG 11 showing the third
enbodi nent.” The auto read command, on the other hand, is I ssued prior to
reading the video data periodically. The %ile managenent i nformation table
used for the auto read command i s generaf a‘by t he vi deo processing
apparatus 32, _transferred_to the di sk apparatus 31 and recorded in the disk
1. The recor dfff YotFhR9ofatRe P PEeFaRdgenmnand Mmakingiwp 2 arequestor di ng

to the fourth enbodinené I s shown in FIG 19. FIG 19 is a diagramfor
expl ai ni ng t hESF i PESRER3HRFeft StRELEEREBNDLCEK of ER2d eommansd making

enbodi nent. Colums_ Al and_A3.represent regions for storing such
par aneters as X h ??iﬁsﬁﬁﬁ%’ér Fe?ﬂ%ngog?ﬁa adPL TN AP HeedtePmmRNtht of

the franme dat | .the yideo file,recorded in the disk 1. These

par anet er s ar%bgg%%élgee#%%g 5‘\(# ?‘H‘éé?‘?g s ‘%"F% RLTHEL}N Kb The disihe
operation of géE?#QGEQ Pfocessing apparatus 32 and the di sk apparatus 31
according to t ourth enbodi nent havi ng the above-nentioned configuration

wi |l be explained bel owayisbh Eﬁaea@aﬁeaggafaeascgfﬁwaapreéyxﬁas £9gRdl

First, explanation will be made about t §
transfer size request command. Upon issue of a command

requesting a transfer size from the video processing
‘apparatus 32, thersfore, the disk apparatus 31 notifies a
‘data size that can be continuocusly transferred.

In the case of issuing a write command or a read
command, the command type, the transfer data amount, the
data recording position, etc. are notified to the disk
apparatus 31 as data parameters. The data recording
position is designated using a logic address logically -
assigned on the disk 1. |

The command regquesting thfl:ransfer data size 1=

exr with the type of

issued to the disk apparatus 31 toge
the transfer data size requested. The disk apparatus 31
notifies the data size that can be transferred
continﬁausly based'oh-the accﬁmulated condition of the
buffer RAM 3. The operation for processing the command
requesting the transfer size in the disk apparatus 31 is
similar to the process described above with reference to
FIG. 11 showing the third embodiment.

The auto read command, on the other hand, is



procedure in which the video processing apparatus 32 issues a wite
command. In response to a periodic request of the mcroprocessor 34, a

vi deo data processing circuit 37 generates a data bl ock by conpressing the
video data for each display unit, and stores it tenporarily in a buffer
menory 35. Then, an input/output control method executed by the

m croprocessor 34 will be explained with reference to FIG 14. FIG 14 is
a flowchart show ng the input/output cont 5 operation performed in the

i asize t 3°%ﬁ§359|§?r tsﬁa%fs?%s%%in'gﬁf Revdesscdene ra%%ﬂﬁ?%?ﬁ%ﬁet e
' | St S82 1, |

cont nuousl y &#F%_Z@éaﬁ%ﬁangwéﬁ%erﬁ'mgﬁﬂkgﬁﬂéﬂﬁ?tes? 9§t§?ﬁﬁ€o% o rsad

L ans or of captmaHAOER, HRBREEkeR bB7knk 1 b8 E-hERRRRD ERATATES 2,

possi bl e, thfﬁPéR§§é§rQHQ%Se@§§£ﬁ%%ki?géﬁ%ggﬂ?'éf.éédt98c$¥8§§é%5§@§£er 'S

I mpossi bl e, € process procee or ~j udgenen | ssues
a wite commaggggofresponding to the data bl ock, and executes the bl ock
transfer in a predeterm ned procedure. |In the case where a.plurality of

data blocks are stored e hadutdiog Fermat 3% thBerzhavmanBabhened bl ock.
transfer process is repeated a plurality of tines.

‘information table according to the fourth embodiment is
shown in FIG. 19. FIG. 19 is a diagram for explaining the
file management information according to the fourth
embodiment. Columns Al, A2 and A3 represent regions for
storing such parameters as the frame%nﬁmber, the logic
address and the déta amount of the ffame data making up
the video file recorded in the disk 1. These parameters
are recorded for all the frames making up the video file.

The operation of tha video processing apparatus
32 and the disk apparatus 31 sccording to the fourth
embodiment having the above-mentioned configuration will
be explained below with reference to each command.
[(Write command]

First, explanation will be made sbout the
procedure in which the video processing apparatus 32
issues a write command. ;

In response to a periodic_;equest of the
microprocessor 34, a video dats procéssing circuit 37

generates a data block by compressing the video data for

each display unit, and stores it temporarily in a buffer



Step S84 judges whether data remains in the buffer nenory 35. In the case
where data remains, the process proceeds to step S85, while if no data
remai ns, the process is termnated. In step S85 for judgenent, the anount
of -60- continuously witable data is conpared with a preset m ni num
data amount for starting the wite operati.on thereby to judge whether the

~anmpunt of -the continuously witable data is not | ess than the m ni nrum data

anount for starting the wite operati.an.:. =3%=t he. case . where,t he condition
is fulfilled that the anmount of continuously witable data is not |ess than
the m ni num daemmcenyo B8. for starting the wite .operati.on, the data block is
segnented in step S86. In step S86, a wite conmand for the data thus
segrmented is issued, andThém, danainpubidetput comtrokdnethod hexeastedvigr e

t he above-nentioned condition is not fulfilled, in contrast, the process is
termi nat ed as She imicrppraogessom 3htwilkihndenteXplaisied viitth tdefansnce to
operation can be appropriately set to a predeterm ned val ue such as one

hal f data val F&®f kthe Fh& bHldds i Homghart hewing thse dapudfcutput
processing the wite conmand fromthe video processing apparatus 32 in the
di sk appar at USCRELRY [CRAFGEIAH i RRIETRIA (I} é?%c?@-ﬁ#?m@esfpﬂﬁé-dat a

corresponding to the wite command is ;
First, step S8l issues a command requesting a

ltransfer data size to the disk apparatus 31 and receives
the amount of the continuously_writable data.

Step S82 for judgemgnt compares the continuously
writable data amount with fhé“ahpﬁnt of déta éc be
transferred, and judges whethei.or not the block transfer
(continuous transfer of each data block) is possible. 1If
the block transfer is possible, the process proceeds to
step $83, while if the block transfer is impossible, the
process proceeds to step S85 for judgement.

Step S83 issues a write coémand corresponding to
the data block, and executes the bloék transfer in a

~ pradetermined procedura. _In the'éase ﬁhere a plurality of
data blocks are stofeé inlfhémﬁéffer meA;rf 55; éhe
above-mentioned block'tf;n;fér ;ibceés is repeated a.
plurality of times.

Step S84 judges whether data remains in the
buffer memory 35. In the case where data remains, the
process proceedé to step S85, while if no data remains,
the process is terminated.

In step S85 for judgemeni, the amount of



stored in the buffer data RAM 3 by the interface circuit 2. The HDD
control circuit 9 determ nes a correspondi ng avail abl e segnent size from
the data anount stored in the buffer RAM 3 and changes the anmpount of
continuously witable data. The data tenporarily stored in the buffer

-61- RAM 3 'is sequentially recorded in the disk 1. [Preread conmand with
command | D] Now, explanation will be nade_about the procedure in which the
vi deo processing apparatus 32 shown in Fr&9-12 i ssues a preread command. In
response to a periodic request fromthe microprocgssor 34, the interface
circuit 36 isSPREIAUGEELEUTitARdAddarRhis @@mw&mmh@ presatd IDis an
identifier of a preread command and is set as a diffferent value for each
conmmand. P«wmm%?ihﬂmeS%f?oﬂmﬁ?nErSEES§Fﬂ§t%ﬂ% Pheresite RRRFRti4n h conmand

ained wwth_ reference to FIGs. 1 and

I D i he di .3 i
15. | EI tG e_15I ?{ha a}ga %Z?‘l‘&g%mo ﬂgﬁ?ﬁ)g}aﬁe?’&?%ﬁ f o R4 r er ead
brocesses dostrt BRREBTSE -+8 BhECHESs. SHEFCEAS Msind ks Grairedar o

h in FIG d hg. |l ogi d tified
romthe viddi s Sl Mg Sutlfe (0pEragess. nh e e HGRR TR Ram 3 s
preread data. dhiiffin ££ef££¥%ff@ﬁrfﬁat the amount of continuously

writable data is not less than the minimum data amount for

starting the write operation, the data block is segmented
in step S86. In step SB6, a write command for the data
thus segmented is issued, and the data transfer is
executed.

In the case where the abové-mentioned condition

is not fulfilled, in contrast, the process is terminated
as it is. The miniﬁum data aﬁouﬁt f;r starfing the write
operation can be aﬁﬁfopriafely éet:to éibfedeéermined
value such as one half data value of the data block in
advance.

Now, the operation of processing the write
command from the video Processing apparatus 32 in the disk
apparatus 31 will be explained with reference to FIG. 1.

| The data corresponding to the write command is
stored in the buffer data RAM 3 by the interface circuit
2. The HDD control circuit 9 deteim#nes a correspgonding
available segment size from the &ata}amaunt stcrad'in the
buffer RAM 3 énd changes the amount éf.continuously

writable data. The data temporarily stored in the buffer



circuit 9 changes the amount of continuously readable data in accordance
with the anount of the preread data stored in the buffer RAM 3. In step
S92, the nmanagenent information for the preread data is stored in a preread
dat a managenent table -62- as shown in FIG 16. FIG 16 is a diagramfor

expl ai ni ng an exanple of the preread data nmanagenent table.

In FIG 16,

colums B1, B2 and B3 represent regiaons fqQr storing such paraneters as a
command ID (identifiers), a storage posi+ébn (start address) on the buffer
RAM 3 and a data anount, respectively. These regions.store each data

preread in r GPorSds meagyarettslly arecortied tin ahy evigad 1.D.

[ Read conmand

with command I D] Now, the procedure in which a read conmand with a conmand
IDis issued [Bradead ictmmandoekth ngpraggrat aipls 32 will be explained with
reference to FIG 17. FIG 17 is a flowhart show ng the process of issuing
a read command with a cowanexplandtion ceillk deramatie sabostiectheaft er t he
preread conmand for the sane data. Al so, the read conmand i s assigned the
same commund BIpGesune: in éthigh Gheraridem pricoessd.ng apparditsls 3@pahatms 31
In step S101, a _command requesting the-transfer data size is issued to the
di sk appar at 49 FLC-add st R IReEARL MomIRNsbNt i nuousl y readabl e dat a,

I.e., a preread data anpunt.

i
In response to a periodic request from the
|

microprocessor 34, the interface circuit 36 issues a

prercad command with a command ID. The command ID is an

identifier of a prerecad command and is set as a different

value for each command.-

Now, the operation of processing the preread

command with command ID in the disk apparatus 31 will be

explained with reference to FIGs. 1 and 15. FIG. 15 is a

flowchart showing the operation of processing the preread

command with a command ID.

In step S91 shown in FIG. }5, a series of

. I
processes described below are execut?d.

First, the HDD contrcl circuit 9@ shown in FIG. 1

reproduces the data based on the logic address notified

from the video processing apparétus 32, and stores in the

buffer RAM 3 as preread data. Further, the HDD control

circuit 9 changes the amount of continuocusly readable data

in accordance with the amount of the preread data stored

in the buffer RAM 3.

In step S92, the management information for the

preread data is stored in a preread data management table



Step S102 judges whet her data can be read by bl ock based on the anount of
continuously readable data. In the case where the data can be read by

bl ock, step S103 is executed, otherw se the process proceeds to step S105.
In step S103, a read command with a comand I D wi th command I D
corresponding to a data block is issued and data bl ocks are read out
continuously in a predeterm ned procedure. In the fase where a plurality of
data bl ocks are stored in the buffer RAM-82-the abpve-nentioned bl ock
transfer process is repeated a plurality of times.; Step S104 judges whet her
data remain igs tdieounufferFFAM B6. | Fibe Teses Vhelfagdm FS R AR Sthidde
process proceeds to step S105. Otherwise, the process is termnated. 1n
step S105, t hen asmangleofof ottié nprearsdad rdRtn anadpineds €HIS) eVEls .2
preset mninmum data anmount for anmount for starting the read operation
thereby to j Uudije adiainres Bhe B2roamd BI représemtstegicrmasatur sigmidg not

| ess than the m ninum data anmount for starting the read operation. In the
case where tuclopiizanetess fas fa |¢ounanditID heldmmuintiexfs o istonagey
readabl e data is not |less than the mnimum data anount for starting the
read oper ati @Psitign SHRTE addreasl on |the Hutfesre Rierde aritk a data
above-nmentioned condition fails to be fulfilled, in contrast, the process

i s terninat e®UMRY RRFBLCHEIY ni MhRsRitReEAmISTARe Saah d8f=the wite
operation is’

preread in response to a preread command with a preread
ID.
[Read command with command ID]

Now, the procedure in whicy a2 read command with

a command ID is issued by the video p?ocessing apparatus
32 will be explained with reference té FI1G. 17. F1G, 17
is a flowchart showing the process of issuing a read
command with a command ID. The read command is issued
after the preread command for the same data;w-Also, the
read command is assigned the same command ID as the
preread command and issued to the disk apparatus 31.

In step $101l, a command requesting the transfer
data size is issued to the disk apparatus 31, and receives
the amount of continuously readable data, i.e., a p;eread
data amount. |

Step S102 judges whether déta can be read by
block based on the amount of ;ontinu#usly readable data.
In the case where the datg can be read by block, step S103

is executed, otherwise the process proceeds to step S10S.

In step S103, a read command with a command ID



set appropriately to a predeterm ned val ue such as one half the data anount
of a data block. In step S106, the data block is segnented, and a read
command with command | D corresponding to the -64- segnented data is

i ssued. In step S106, the segnented data are continuously read out. Now, in
t he di sk apparatus, the operation of processing the read command with
command | D descri bed above i ssued fromthe_vi deo processi ng apparatus 32
will be explained with reference to FIG 183-FIG 18 is a flowchart show ng
t he operation qL rocessing_a read comand with command ID in the disk
apparatus 31. ¥ t’gt‘é?i“%i‘ﬁ,naaFﬁrEBFP@%Mi% a date blocknts |i3sfed he

read command is q%géev ggd sel ected fromthe preread data nanagenent
table. In step 81197 BCPER T3P PYT RAptinyeusdy imdeo processing

W oh have bedit SHETEENSE FHRePaRTan THb ih CIRSGIRFelR PINERGSIERE

Lo Sho oainiind Mg et ool M ehae ! | be T

ggfgﬁ gfs?héﬁﬁ%g@#eﬁ%%ﬁ? % %ﬁéﬁiq%cdeest?erirg n!'eéspeta %&O raer ead '
plurality of times.

Step S104 judges whether data remain in the
buffer RAM 3. In the case where data remains so, the
process proceeds to step S105. Otherwise, the process is
terminated.

In step S105, the amount of continuously
readable data is compared with a preset minimum data
amount for amount for starting the read operation thereby
to judge whether the amount of continuously readable data
is not lessfthan the minimum datﬁ amount for étarting the
read operation. in the case whgre th% condition is
fulfilled that the amount efrccnfinuo&sly.fead55le data is
not less than the minimum data amount for starting the
read operation, step S106 is executed. 1In the case where
the above-mentioned condition fails to be fulfilled, in
contrast, the process is terminated immediately. The
minimum data amount for starting the write operation is
set appropriately to a predetermined value such as ane
half the datz amount of a data block. | |

In step S106, the data block is segmented, and a

read command with command ID corresponding to the



managenent information table for the file to be preread, the frame nunber
(FO) to be preread first, the nunber of franes to be preread (NF), the
nunber of skips (S) indicating the intervals of the frane nunbers to be
preread and the preread direction (D), and issues an auto read command to
the di sk apparatus 31 as a conmand paraneter. In what is called the "fast
forward pl ayback"” for displaying video data at predeterm ned frane
intervals, the preread operation is execut&4r by setting the nunmber S of
skips to a predeterm ned value. The data preread is read and di splayed at
tine interval Fegmantad dathds dasuad. edoy dtep 19196datthe Segmepntedad
direction Dis set to "0" when prereading in the order of recording, while
it is set to 9Pt GTSHSAIAYRNASLY T8RS SMtorder. In response to the auto

read conmand, the disk araf us 31 |ssues sequentially read conmands with
a data recorded positi oﬁp ¥ rba?'h?ré*"’e?kcﬁﬁ i fdet SRex@tionaed. The

the v| deo proBEeREs L, She s, Souiprdl iithe Sareend,ia, dpderiore
ot ocessing apaarstusaael o Tt RUTBRRERS TR ErpatRiup 2 Wbk o
20 15 2 LovcBa bxphathd With RUiralABe kol FAE25T510 k0B, A0y L0 comRNd
flowchart showing the operation of processing a read
command with command ID in the disk apparatus 31.
In step S111, data'corresponding to the command
ID of the read command is retrieved a%d selected from the
preread data management table. g
In step S112, thé-selected'déta is output to the
video processing apparatus 32. Iﬁ step S113, the disk
apparatus deletes the items of data which have been
completely transferred from ﬁhe prereaa dﬁfa management -
table shown in FIG. 16.
[Auto read command]
Now, explanation will be méde about the process
for issuing an auto read command by the video processing
eoparatus 32. e e e s
I The éideé ﬁrbceééing apparatus 32 determines the
preread parameters including the iden}ifier of the file
management information table for the file to be breread,
the frame number (FQ) to be preread f£irst, the number of

frames to be preread (NF), the number of skips (S)

indicating the intervals of the frame numbers to be



First, step S121 reproduces the file managenent information fromthe file
managenent information table on the disk 1. In step S122, a frane to be
preread is sel ected based on the file nmanagenent information reproduced,
thereby reading the data anount and the start address corresponding to the
selected frane. The frane nunber (FP) to be preread is determ ned by the
followi ng equation; FP = FO + (-1[err] x S x (N - 1), where N is the nunber
of processing tines in step S122. Dis th8Spreread direction which is "0"
when prereading in the order of recording and "1" when reading in the
reverse orderP¥ezpad andithe prererd directdonr(Rkhpant nigsues fan seitect ed
frame is reproduced and stored in_ the buffer RAM 3. Next, step S124

conpar es t he TRAMDHGONPIAC kR cERY i dbslt i spraxRtYSs 13 smmhgomRng t he franes

to be preread and judges whether the preread operation is conplete. In the
case where t Iﬂ-?ﬁﬂ“é operation is inconplete, the above-nentioned process
Is continued. In the cafe mgere t he gieread oFeration Is conplete, in.
contrast, the above- mentio¥@@tptBcEdiled thap| £aeh. foxward piavbagh! preread
by the buffer like in erea nd descrj bed above, the HDD

RAM .3 ep (of0)
control ci rcgfl o glcsr?gh%nq hveig Ninda Sl ¥ I et fFAN% data in
accordance\Mﬂﬂkééyafg?ngﬁe(grégégéﬁgkeration is executed by setting

‘the number £ of skips to a predetermined value. The data
preread is read and displayed at time intervals similar to
the case of recording the data. The preread direction D
is set to "0" when prereading in the order of recording,
thle it is set to "1" for prereading in reverse order.

In response to the auto read command, the disk
apparatus 31 issues-saquentially read commands with a data
recorded position'as a8 parameter corresponding to each
frame. The data p:eread'by the buffer RAM 3 is output"‘
from the disk apparatus 31 to the vid%o processing
apparatus 32. }

Now, in the disk spparatus, the operation of
processing the auto read command supplied from the video
processing apparatus 32 will be explained with reference
to FIG. 20. FIG. 20 is a flowchart showing the operation
of processing the auto read command in the disk apparatus
31. - |

First, step S121 repfoduées'the fiie management

information from the file management information table on

the disk 1. In step S122, a frame to be preread is



data. The HDD control circuit 9 then infornms the external equipnment in
response to the transfer data size request -67- fromthe video
processi ng apparatus 32. As described above, according to the input/output
control nethod of the fourth enbodi ment, the videp processing apparatus 32
recei ves the anmpbunt of continuously transferable data fromthe disk
apparatus and controls the transfer based on the received anount of
continuously transferable data. As a res®é the i nput / out put contr ol

met hod according to the fourth enbodi ment permits data to be continuously
transferred SPleFFesebRSEd O thed&d1er faBagragnippatfarnstionand t he di sk
apparatus 31. In this way, t redicted execution tine can be accurately

h
predi ct ed andeRERIYEd witherehy Treding, the #ata arrHyt: AR EBRSERFE | 0ad
of the video pr.ocessing apparatus. .Further, -in the _disk apparatus according
to the fourtﬁggﬁﬁéﬁiﬁggF?sEﬁ? otﬁrg%ﬁaﬁeéﬁEFﬁgiSﬁaW§‘ex§€ﬁt B3B&sed on
the file managepent ,iaf.or i_0 e ;N0\ Lcture file stored,in the
di sk apparatﬁgmg%F A?ga Fggbft%r%%gggrégggaggﬁgFﬁFﬁoﬁyst#?ag?gi?%+“qhe
novi ng picturgaggg %xecuted wi th the di sk apparatus al one, thereby
realizing a PEYGCE8™ oad on the video processi ng apparatus and the

efficient operation of theghuf &gr mpoRyy. . FaIrt h@bli nor £y in the disk
apparatus according to _ f
where N is the number of processing times in step S122.
D iz the preread direction which is "0" when prereading in
the order of recording and "1" when rgading in the resverse
. order. . : i
In step S123, the data block corresponding to

the selected frame is reproduced and sfored in the buffer

RAM 3.

Next, step S124 compares the numbez.N of
processing times with the number NF of the frames tc be
preread and judges whether the preread operation i=s
éomplete. In the case where the preread cperation is
incomplete, the above-mentioned process is continuad. 1In
the case where the preread operation is complete, in
contrast, the abbve-mentionéd process is completed.

If the data are preread by %he buffer RAM 3,
like in the preread command described| above, the HDD
control circuit 9 changes the amount éf continuously
readable data in accordance with the.amount of preread
data. The HDD control circuit 9 then informs the external

equipment in response to the transfer data size request



the fourth enbodi nent, the preread data can be directly designated and
accessed using the command I D. Therefore, -68- the process of retrieving
the preread data can be elimnated in the disk apparatus, resulting in a
reduced processing |load of the disk apparatus for the preread processing on
t he one hand and an efficient use of the buffer menory on the other hand.

Al t hough the fourth enbodi nent concerns the case in which the file
managenent table for video data is premﬂ@%rby t he vi deo processing
apparatus and notified to the disk apparatus, the file nanagenent

i nf or mati on &&Femthe wdes Brasessiae apanatuse 3&-sk appar atus by
designating a file identifier in the process of witing the video data.
According to the fourt PRARFHEIR] bpvetacarsting &9 dhed are

sequentially preread in response to an auto read command, and are out put
sequentialIy#ﬂ?qﬂﬁQWHHﬂﬁaﬁéﬁﬁ%ﬁgﬁﬁﬁgﬁﬁbéﬁhﬁﬁ§ ERurEhy eAbedigent, o khe
command. As an alternative, the sel ctegﬁgataealoék% can be ut%ut directly
to the vi deovdﬁg@e§§°ﬁ§$fﬁ5§raﬁg? TS S FEE TSN TR F70 E6mmand.

<<Enbodi nent ey m\guﬁyﬁlﬁl%ma%llés ggg%ﬁff%ﬁg tlh% Q1lehd ta.?ﬁégg%qgr‘éaésof

t he present invention w'l | be explalne e Vi deO process appa

according t o Jhigdifd RriMROUnEr Dascd TP "Rkl Yed ThbBhtCoRl | guration

to

continuously transferable data. As a result, the
input/output control method according to the fourth
embodiment permits data to be continuously,transferréd
always betwesn the video processing apparatus 32 and the
disk apparatus 31. In this way, the predicted execution
time can be accurately predicted and managed, while at the
same time reducing the processing load of the vided
processing apparatus. '

Further, in the disk appara%us according to the
fourth embo@iment, the auto prersad oéeration is executed
based on the file management information 6f the moving
picture file stored in the disk apparatus 31. As a
result, the preread operation suitable for the moving
picture can executed with the disk apparatus alone,
thereby realizing a reduced lﬁad on the video processing
apparatué and the efficient opéraficn of.thé huffér o
memory. | ' |

| Furthermore, in the disk apparatus according to
the fourth embodiment, the preread data can be directly

designated and accessed using the com?and ID. Therefore,



t he video processing apparatus shown in FIG 12, and the disk apparatus has
a substantially simlar configuration -69- to the disk apparatus shown
in FIG 1. The fifth enbodinent is different fromother enbodinments in that
t he vi deo processing apparatus 32 issues six types of input/output comands
I n accordance with the type of data and in that the di sk apparatus perforns
the processing operation in accordance with the type of each input/output .
command. The vi deo processing apparatusfﬁ??mcording to the fifth

enbodi ment issues to a sequential data a sequential wite command making up
a wite requshe, PEesesserti FetFiaviag dhanmrersad dgtapcanpber ead request,
and a sequential read _cqomuand kKing up a read request. Further, the video
processi ng aBﬁ&W&FE§e§ZLQCE@FUHi§H(?RH%?aFNthr@ﬁBé&Fﬁsnini§sE§§uﬁsdthe
random data a randomwite co nd making up a wite request, a random
preread conmBRACRARAAG dpad ﬁ&gﬁgﬁﬂdﬂéﬁbg§PaiﬁG“§ £aRdsher PEaTR8%MANd

maki ng up a read request. i qn of the di_ sk apparatus 31

cprrespondinBrPﬁeéaéﬂgoPntEEEhOG@Q-fI -PSEE&“CG%E&E&? i BFebefexPrai ned
Lo the i sk SRRERENSnSEY o &ne’ BERETRARBY w11 be made about the
operation CorreSpondianﬁﬁJJHBE¥ﬂH“¥3d§¥h‘Mﬁﬂﬂ%fﬁan %%n%%rns the case
in which the filé managemeht table for video data ig
prepared by the videc processing appafatus and notified to
the disk apparatus, the file managemeét information can
alternatively be produced in the disk‘apparatus by
designating a file identifier in the process of writing
the videoc data.

According to the fourth embcdiment. the data
blocks selected are sequentially preread in response to an
auto read command, -and are output sequentially to the
video processing apparatus in respdnse to a read command.
As an alternative, the selected data blocks can be ocutput
directly to the video processing apparatus in response to
an auto read command. _

<<Embodiment 5>> g

Now, a disk apparatus accor%ing to a fifth
embodiment of the present invention will be explained.

The video processing apparatus, according tc the fifth
embodiment has a substantially similar configuzation to

the videc processing apparatus shown in FIG. 12, and the

disk spparatus has a substantially similar configuration



the randomwite conmand. In step S131, the type of the command is - 70-
discrimnated. In the case of a randomwite command, step S132 perforns
the recording operation in a procedure simlar to the first enbodi nent
descri bed above, while in the case of a sequential wite comand, the
process proceeds to step S133. Step S133 judges whet her the data anount
stored in the buffer RAM3 is |arger than the maxi num-anount of data that
can be accunul ated. In the case where t%%J udgenent is affirmative, step

-~

S134 is executed. Otherwi se, the process s termnated inmediately. The
maxi mum dat g _angmunt,.capabl e ofi bei accumyl.at ed cap, be opriately set
based on th °d§?’§ &ﬁtapﬁa&?%‘l%e s?%wphg.nb équAMQ'hEt (ﬁ%ﬁgh accordance
with the se i.al it n t i . te 34, .the data
stored in't%%&%%P'§¥M%¢ﬁf§ﬁhr_ cgﬁt?ﬁ%gugFggfe%§#§§amFﬂt hégdﬁéﬁélﬁth Vi ew
of the fact dgqu [ Ster LR <t b M3 are
recorded invéggéﬁgﬁﬁﬁa |y%§t§@§?§?§§$r§§i§%§h%ﬁ ?Eg g%ggglséand therefore a
I 'ar ge anounty AN Ry dRd aWlebii S ' Lhga gt
over head tigéﬁéﬁgﬁhgg_for t he see% pggFggpggégnHQ?EeEP%FEPP%ngF Fggéncy
time. Now, th@ a&ewamor-maordg%wawaaﬁthg pes2avAl! tAk praceddifgmmand or a
e

random preread command w | |
operation in accordance with the type of each input/output

command .

The video processing apparatus 32 according to
the fifth embodiment issues to a3 sequential data a
sequential write command making up a write request, a
sequential preread command making up a preread request,
and a segquential read command making up a réad request.
Further, the video Frocessiug apparatus 32 according to
the fifth embodiment issues to the random data a random
write commahd making up a write request, a random preread
command making up a preread request and a random read |
cOmmand making up = read request.

The operation of the disk spparatus 31
corrasponding té each of the above-mentioﬁed commands will
be explained with reference to FIG. 21. FIG. 21 is a
flowchart for each command issued to the disk apparatus
31.

First, explanation will be made about the
operation corresponding to the sequential write command or
the random write command.

In step S131, the type of the command is



explained with reference to FIG 22. FIG 22 is a flowhart show ng the
operation associated wth the -71- sequential preread command or the
random preread command. First, steps S141 identifies the command type. In
the case of a random prewite conmand, step S142 perfornms a preread
operation in a procedure simlar to the first enbodi nent described above.
In the case of a sequential preread connand on the other hand, the process
proceeds to step S143. In step S143, 2 sequentlal preread commands are
accunul ated. Step Sl44 Judges whet her t 8 sequenti al preread conmands thus

accunulateddare not g é han e nBX|nu nunber of commands that can be
accumul at ed 3 PREEALNRLE mhé?e ﬁe“ﬁﬁﬁd? i 3nFRRAeMm| ¥TriteCeRERNEhe

accunul at ed ﬁngugpé Qgeread gommands .are not |ess than the maxi hum
nunber of cB fh@?‘cathe°achﬁh?a?éﬂg PRERREIRD 142 BEREEAUEES! y

eproduces Ligudakartobkgopendtrnt ae Rl dhalola SHON et oo

In the case ere t OV€ ment | one

ot her hand, 4 QecQEQCSESa'§e%§§H¥§§i 1§ge &@ﬁﬁnobegé t%ﬁ g% gccprdlng to

the fifth e odi nent al so pérfornms the pre n internal
process grgégéggcecogeégtsq§3ls for reproducing and storing in the

buf fer the data around tihe recording

Step 513§ judges whether the data amount stored
im the buffer RAM 3 is larger than the maximum amount of
data that can be accumulated. In the case where the
judgement is affirmative, step S134 is executed.
Othexrwise, tha procass is terminated immediately. The
maximum dats amount capable of being accumulated can be
appropriately set based on the data amount storable in the
buffer RAM, etc. in accordance with the sequential write
command next to be issued.

In step 5134, the data stored in the buffer RAM
3 are continuocusly #ecorded in the disk 1. In view of the
fact that the seque%tial data stored in the buffer RaM 3
are recorded in subétantially successive regions on the
disk 1, ;nd therefore a large amount of data can be
recorded within a short time without any overhead time -
such as for the seek.cperation and the rotational latency
time.

Now, the operation corresponding to a sequential
preread command or a random preread command will be

explained with reference to FIG. 22. FIG. 22 is a

flowchart showing the operation associated with the



positions of the data corresponding to the commands. According to the fifth
enbodi nent, a paraneter indicating -72- the advisability of the prefetch
operation is notified to the disk apparatus 31 at the tine of issuing each
command. The sel ection procedure in the prefetch operation by the disk
apparatus 31 will be expldined with reference to FIG 23. FIG 23 is a

fl owmchart showi ng the prefetch operation in the disk apparatus 31. First,
step S151 executes the operatjon of prgg?gding the data corresponding to

t he random preread conmand or|the sequential preread comrand in a procedure

The advi sanPRapsREtT BraFShar ERRAAR br (ERELARSR MErsAd Todhand 1G0T o
fromthe video processh;ndaPRaeghlsids. hlnkie 6asEntnBbhinbh8 BEELS! CP

operation is pernmttedin Step e prefe operatiron s ecuted in

step S153. kf tHg €as€ ¥eeherhAGoR' _é&fbt@pééﬁﬁéﬁ&iﬁéa?ts?ﬁmtwd, in

contrast, the process is termnated I mmedi ately. Especially in the case of

trick play gérebéfe dapoebpalihepetalon’ DR 65 SHAGCEMRAE d&iMiDdr b Ukrd ity of
data stored at distant recording points on the disk 1 are often reproduced

sequenti al | ¥irkft ambbdfmensecdeabeibedf ghovaopelnt tive Gdserncflederiorates the

response to each command. In the case where a random preread conmand i s

i ssued af t esefhenpialeprierepdr abmmand pnot hthet dithiehansnd, the process
ﬁroceeds to step $143.

In step 8143, the sequential preread commands
are accumulated.

Step 8144 judges whether the sequential preread
commands thus accumhlated are not less than the maximum
number of commands %hat can be accumulated. 1In the case
where the conditiongis fulfilled that the accumulated
sequential preread commands are not less than the maximum °
number of commands that can be accumulated, then step.5142
continucusiy'reprdduces the ‘ddata corxresponding to a
plurality of -accumulated ‘commands. 1In the case wheres the
above-mentioned condition fails to be met, on the other
hand, the process is terminated.

The disk apparatus 31 according to the fifth
embodiment also'performs the prefetch operation as an
internal process.

' The prefeJch-oPeration is for reproducing and
storing in the buffer RAM 3 the dats around the recording

positions of the dgya.cgr§g§§0n41ng to the commands.
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According to the fifth embodiment, a parameter indicating



the first process executed is to check whether or not the correspondi ng
data is prefetched in the buffer RAM 3 or -73- not. If it is so
prefetched, the possibility of reading the data is notified to the video
processi ng apparatus 32. As described above, the di sk apparatus according
to the fifth enbodi nent can switch the size of data recorded continuously
in the disk or the nunber of commands contlnuously read, in accordance with
the command type. For this reason, thedj sk apparatus accordlng to the
fifth enbodi nent can inprove the proceSS|ng perfornance of the noving

Py Sof £ e St A d A BATEAEIh cpeRB2pR Col BatiEipdl xR "
nmbodi f di h d
ond theref d dgi% i il Wt W Ul o %%%y‘fﬁ%u Brb, SofmgRAlC, | YPe
Ao dat Z"Fﬁgu{?gutﬁh%“%%ues{b Eﬁéﬁéﬂpreven?@?he bt (=oPonse 105
the unr equ'at; et ﬁ@rﬂéwra A ratRORs e waﬁlabéegs&g&%&g%dda&%n
request an

I nput / out pu us cari 1 nprove the processi I ciency of the

di sk appar aidifedhds WPlrG <a@*rbo<#:r@entzs61§ Ex&h.é%hb% ghiolihg ERge bel ow

about a di sk apparatus accordlng to-a sixth enbodi nent o resent
prefetch operation |in the disk apparatus 31l.

First, séep S151 executes the operation of
prereading the daté coriesponding to the random preread
command or the sequential preread command in a procedure
similar to that of the first-emhodiment'described above

Step S152 judges the advisability of the
prafetch operation based on the parameters notified £rom
the video processing apparatus 32. In the case whére ths
prefetch operation is permitted in staﬁ 5152, the prefetch
operation is execute§ in step S153. In the case where the
prefetch operation is not permitted, in contrast, the
process is terminated immediately. Especially in the case
of trick play of viJeo data by the wvideo processing
apparatus 32, plurality of data stored at distant
recording peints on the disk 1 are often reproduced
sequentizally. In such a case, the prefetch operation
often deteriofatas the ;esponse to each command.

In the case where a random preread command is
issued after the prefetch operation, on the other hand,
the first process executed is to check whether or not the

‘corresponding data is prefetched in the buffer RAM 3 or



I nvention. The video processing apparatus according to the sixth

enbodi nent has a configuration substantially -74- simlar to that of the
vi deo processing apparatus shown in FIG 12, and the disk apparatus is also
substantially simlar in configuration to the di sk apparatus shown in FIG
1. The sixth enbodinment is different fromother enbodinments in that the

vi deo processing apparatus issues a sequential wite command with a tine
limt and a sequential preread conmand w.th atinme |limt (both comands are
hereinafter referred to collectively as’thie sequential data input/out put

st d i t di sk t f th

corr espondi A§troteadh dF fshégﬁ%e?é%%%%ﬁéi. SR RCEPARASHLAT  BECERARABIaNG t ho

d d d (h i, naf f dt | | ectivel th d
Gata i mput | SRR PoafcbPFLESRA HE SPRVLASRIPPAPESAORHPEPRBAHBLBT
. ds f f ti |4 ot at i f. the disk tug,31. i
Fesponse 1o the above MeiTisTabet AMAYES dHY Sek BEPARRSH A R B Bence
to FIG 24 col Ghe?1ietndshbuGhant SURENG-ERCLRBCLALEOREOhaRROCESSI NG the
commands supplie romthe video processing apparatus 327in the disk

appar at us 31‘ec5ir§§&1’ c8htRnabia1ydgRt Eﬁgelaigﬁeoeomanglume- okn the case

where the conmand represents a Sequentia ata input/output request in step
S161, the peempsndBr e6atdAublsiyePedd62inakb8radnticwEdfcthBetmhaRd

command is a random
type. For this reason, the disk apparatus according to
the fifth embodiment can improve the prgcessiﬁg
performance of the moving picture data while at the same
time making it possible t§ use the buffer memory

efficiently.

Also, the disk apparatus according to the fifth
embodiment can seleLt the prefetch operation accbfding to
the command type, and therefore can use the buffer memory
efficiently. Further, the disk apparatus according to the
fifth embodiment can improve the response to a random data
input/output request, can pravent the delayed response due
to the unrequired prefetch operation in response to a
sequential data input/output request, and thus can improve
the processing efficiency of the disk apparatus as a
whole.

<<Embodiment 6>>

Explanation will be made below about a disk
appératus according %o a gixth embodiment of the present
invention. The vide processin§ apparatus according to

the sixth embodiment has a configuration substantially



data i nput/output request, on the other hand, the process proceeds to step
S163. -75- In step S162, the tine [imt notified fromthe video
processi ng apparatus 32 is extended in accordance with the avail able
capacity of the buffer RAM 3. The extension tine can be appropriately
selected in accordance with the data anmobunt of the data bl ock corresponding
to the sequential data input/output request or in accordance with the
cycles of issue of the sequential data ngut/output request. In step S163,
the command is accunul ated on the requeSt accunul ati on queue shown in FIG

queue (a) aRARALRR E‘%r%ﬂ‘a&ua&t zdﬁ%?étﬁ‘sie LSRR W it a“D‘i’zr
1

' Llisﬁgf e 887 R0 TanRe shacahER, nebTBRIG o4 Bl o$'f%ﬁ€a=aé¥€lﬂwﬁiunt. The

%‘i’GETr“Tﬁ?sS%?ﬁ%i%%'rgﬁng?mﬁﬁ QFAGH £ 8 SLOF sofitetls iBREAAT P2

processing. gk the SeRuentkeh SRbSaimEnt/ D4 BUEF&ASNESErGR COERBAL I ON queue,

commands are arranged in the ascending order of tine margin fromthe first
row (No. 1) . eBoliifleh8802R) €RbE tREUYiAES PhEoEEESERy ASSaratwé i Disweue, on

the ot her hand, comrands are arranged in the order of 1ssue. In step S164,
it is judged !@Qﬁéﬁfié@queité 8bfimand with a time limit and a '
séquential preread coﬁménd with a time limit (both
commands are herelﬂafter referred to collectively as the
sequential data lant/output request) and in that the disk
apparatus performs the processing corresponding to each of
these commands.
The random write command and the random prergad
command (hereinafter referred to collectively as the
random data input/output request), on the other hand, are  _
normal input/output commands free of a time limit.
The operatlon of the disk apparatus 31 in
response to the sbove-mentioned commands sill be explained
with reference to FIG. 24. FIG. 24 is a flowchart showing
the operation of précessing the commands supplied from the
video processin§ apparatus 32 in the disk apparatus 31.
First, stép S161 identifies the command type.
In the case where the command represents a sequential data
input/output request in step S161, the process proceeds to

step S162, while in the case where the command is a random

data input/output request, on the other hand the proces-

- nh-uvllehi’ pdie PRSI Y t

proceeds to step Slgl



accunmul ated in the sequential data input/output requests accunul ation
queue. In the case where requests are so -76- accumul ated, the process
proceeds to step S165. In the case where requests are not accunul ated so,
in contrast, step S167 executes the request on the first row of the random
data input/output request accunul ation queue. In step S165, the request of
No.1 in the sequential data input/output request accunul ation queue is
selected and it is judged whether the ti margin is larger than a conmand
sel ect reference time. In the,case wheré*he tine margin is larger than a

DI S e B A Rl
Fequest  acc e Faechisill bebsratil 32 4eCeRtRuRan o APRAsaRRtLC

appropriateM&tgptbgeanihgbgg'EQ?FEFQgé?@eghgt' gﬁ Eﬁgxﬁgée a?hg tinme

required for processing a sequen a inpu des In step

o8 | out puoRteR ot e cATERNdRpabErRtUTY BbfEcha DR baRdaddaL

I nput / out put request accunul ation ase ere coma are not
so accumul atgdn Whe Bb%ﬁe%&thQCSEd%hEOdSEEPb§$ZQ-chrEQﬁoﬁéiﬂﬁ“QSre

comands are so accumul ated, in contrast, step S169 execlUtes the processing
correspondi Rghel @elgiienitial! de®y $apURPduebutheegaggdenvdala hapskaantaut

request .
with the cycles of issue of the sequential data
input/output request.

In step S163, the command is accumulated on the
rgquest accumulation gueue shown in FIG. 25. FIG. 25 is a
diagram for explaining a sequential request accumulation
queue (a) and a rantom request accumulation gueue (b).
Columns Cl and Dl represent storage areas at the recbrding
positions (LBA) on the disk 1, and the columns C2 and D2
represant the storage areas of the data amount. The
column C3 stores time margins based on the time limit
calculated in step S162. Thig time margin is calculated
as a remaining time usable for the processing. In the
sequential data input/output request accumulation queue,
commands are arranged in the ascending order of time
margin from the first row (No.l). In the random data
input/cutput request gccumulation quece, on the other
hand, commands are arranged in the order of issue.

In ste§ 5464, it is judged whether requests are
accumulated in the s;quential data input/outpdt requests

accumulation queue. In the case where requests are so



accunul ati on queue. In step S170, the command on the first row of -77-
the sequential data input/output request accumnul ati on queue is sel ected as
a command to be executed. While the head is noving fromthe present
position to a physical position corresponding to the command to be
executed, a conmand that can be recorded and reproduced is retrieved, and
the retrieved coommand is determned as a command to be selected. In step
S171, the schedul ed execution tinme is cogBared with the tine margin of the
command to be executed on the assunption’that a conmand to be selected is

processed before a cgngang to be executed, and judgenent is nade as to
whet her the EGMMENG2EE%e tBRPEPERSTaRTBESLERER: BEPPPPdERsSednWEPRi n t he

time margin. In the case where the co nd to be executed can be processed
s0, stepg817faFﬁsgs?§etﬁ?qHEF%EnarFonnga§ﬁFEE¥ atef FRe 2Fr§?“FBRng t he

sequential d [ / egiyes at iLon eue, foll by

execution ofgéggpgg§?38HF%H%ﬁé %§§e£ﬁ§§§§€?ﬁ§ tgﬁngﬁﬁsgorﬁg gggﬁﬂ?ed S

I mpossi ble t e LNy [ a e ' diately

oroceeds to SPESIRT3Rrb i RRaR Dhthyr BelRULE ShouhIERBIBRRRRLEICC O THL

request - accunul at ed on ghhe ¢kl 5O W ugkl bl 9niqueHg. As

descri bed above, in thghgi:%bggggﬁgtS?Eagggpggﬁggroﬁ%hg éﬁk?ﬁgenbodinent,

the order of sequential data ingut/output request accumulation Queue is
éelected‘and.it isjjudged whether the time margin is

larger than a comm

nd select reference time. In the case
vwhere the time margin is'larger than a predetermined
value, the process proceeds to step $168, while in the
case where the time margin is smaller than a pradetermined
value, step S166 executes the request on the first row of
the sequential data input/output request accumulation
gueue. The command select reference time can be set
appropriately on the'basis of the time predicted in
advance as a t;me requi:ad'fpr processing a sequential
data input/outpuﬁ request.. h

In tep' S:;LGB, it is judged whether commands sre
accumulated in the %andom data input/cutput reguest
accumulation queue.' In the case where commands are not so
accumulated, the process proceeds to step S170. In the
.case where commands are so accumulated, in contrast,'step
5169 executes the processing corresponding to the
first-row command of the random data input/output request
accumulation gqueue.

In step $170, thé“command_onlfhe first row of



recordi ng-reproduci ng process is selected in accordance with the tine limt
and the avail abl e capacity of the -78- buffer RAM 3. As a result, the

di sk apparatus according to the sixth enbodi nent can i ncrease the speed of
a response to a random data input/output request while at the sanme tine
guaranteeing a real-tinme response to a high-priority sequential data

| nput/ out put request, thereby inproving the processing efficiency of the

di sk apparatus. Thus, it is possible t@7solve the problem of a considerably
del ayed response to random data i nput/output requests. Al so, in the disk

appar at us amed lsdigi@nitl A1 davaX tikperoditpant reklaser detunlilREREASSI Ng A
request is selected in accordance with the tine limt and the physi cal

addr ess on quatiediisk sellkertaiioe of hemmeall- toMBel €§860G%8843L 0 Rhil&JYRSt i S
guaranteed and the tine required for head seek operation is reduced. Thus

t he processieag disf movimgy foom [thed preseptapakision topaophygsiédlt her,
according to the sixth enbodi nent, the order of processing accunul at ed
request s i Pogditdon cortesponddng ko pshescommanddtosbe erdcuhedefare it is
possi ble to predict and manage the execution tine of each request .
accur at el y cong@ash Fhath cans-bengpcogdafsRndppapacdycedchsdratrievedsevent h
enbodi nent of the present invention will be described. FIG 26 is a block
di agr am sh@mdhFbe retrieved command is determined as a command to be
selected. In step S171, the scheduled execution time is
compared with the time margin of the command to be
executed on the assumption that a command to be selected
is,processed befozre a command to be executed, and
judgement is made“ai to whgthgé thé command to be executed
can-be ﬁompletely!EZOCQsééa Qithin the time margin. In
the case wherse the éommand to be executed can be processed
so, step S172 inserts the command to be selected on the-
| first row of the sequential data input/output request
accumulation gueue, followed by execution of gtep S173.
In the case where the command to be executed is impossible
to process in step S171, in contrast, the process
immediately proceeds to step S173.
Step S173 executes the process in response to
the request accumulated oh the first row of the
accumulation gqueue.
As described above, in the disk apparatus
according to the sixth embodiment, the order of

recording-reproducing process is selected in accordance

with the time limit and the available capacity of the



configuration of a disk apparatus according to the seventh enbodi nment.

-79- As shown in FIG 26, the disk apparatus according to the seventh
enbodi ment is connected to an external equipnment (not shown) such as a host
conmputer through a host input/output bus 101. The di sk apparatus according
to the seventh enbodi nent conprises a CPU 42 for controlling each circuit,
a buffer RAM 43 constituting a nmenory circuit for storing data tenporarily,
a read/ wite signal processing circuit-7g8.for encoding and decodi ng the
data, a head-di sk assenbly 45, an actuator drive circuit 48 and a HDD

control ci reubteARANI®, hers-4li Fdawiss ity dil Nggsiema Wclordling head

assenbly 46 and an actuator 47. The actuator 47 is driven by the actuator

drive circutd #ife SietRMMEGdIIMETt dan titduddee thidA\MpkRd ide a cad/ wite
signal processing circuit 44 and the actuator drive circuit 48 through the

HDD cont r ol responsa %®.a FREhdaw dasta dripncty olitparta mesjuasitngrta leordt gur at i on
of the HDD control circuit 49. As shown in FIG 27, the HDD control circuit
49 i ncl udesthe hzane i tine fouacanteaing 5 realsitiime ineppomsenttay faace circuit
with the external equipnment, d§ CPU.interface circuit 52 making up an
interface chighrprigrity hee wial dang iapwhituwput inegvests3 for
controlling the buffer RANI43%‘and~a control signal input/output
thereby improving the processing efficiency of the disk
apparatus. Thus, it is possible to solve the problem of a
considerably delayed respoense to random data input/ocutput
requests.
Also, in the disk apparatus according to the
sixth embodiment, the order of processing a reguest is
selected in accordance with the time limit and the
physical address on the disk. Therefore, the real-time
response to a request is. guaranteed and the time required
for head seek operag;oﬁ‘;guggdpced.d,Thps”the processing
afficiency of the disk apparatus is improved. Further, -
according to the si%th embodiment, the order of processing
accumulated requests is determined based on the physical
address, and therefore it is possible to predict and
manage the execution time of each request accurately.
<<Embodiment 7>>
Now, a disk apparatus sccording to a seventh

embodiment of the present invention will be described.
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" ¥16. 26 is a block diagram showing a
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configuration of a disk apparatus according to the seventh

embodiment.



circuit 54 for applying or supplied with a control signal to or fromthe
read/ wite signal processing circuit 44 and - -80- the actuator drive
signal 48 of the disk apparatus. FIG 28 is a diagram show ng the
correspondence between the segnent setting register 61 in the buffer
control circuit 53 and each segnment of the buffer RAM 43 of the disk
apparatus. As shown in FIG 28, the buffer RAM 43 is divided into N
segnents #1 to #N. Each segnent df'thé;p ffer RAM 43 corresponds to the
regi sters REG#1 to REGEN of the.segnment®Setting register 61. Each of the

CSN) "o sognent start ARGPBRER ARy FRCCCoflorfhe SLAREREORTRNER 1y ans of

Dl v ek, CTiECete N R AR S (E e Bhent s and
| var 301 o IS AP SRR E TS MIBNIRED, | RRALIG LS A eSS (P
i L e SN BN e R T
segnent i n ddsoide t AN Seviitky Nansalifitc S \REd S 0y dZ &R a
gi ven segnent.. Both are expressed-by.sector. one sSector represents 512
bytes. The ¢bitcdXlansd efadh iitdyitor debBfNr WA dFkconstituting a
mémory circuit for storing data temporarily, a read/writé'
signal processing circuit 44 foxr encoding and decoding the
data, a head-disk aTsembly 45, an actuator drive circuit
48 and a HDD control eircuit 435.
| The head-disk assembly 45 includes a disk 41, a
head assembly 4§ and an actuator 47. The actuator 47 is
driven by the aétuator drive circuit 48. The CPU 42
controls the buffer RAM 43, the read/write signal
processing circuit 44 and the actuator drive circuit 48
‘through the HDD control circuit 49.
FIG. 27 is a block diagram showing a
configuration of the HDD contzrol circuit 485.
As shown in FIG. 27, the HDD control circuit 49
includes a host int iface circuit 51 constituting an
1

interface circuit with the external equipment, a CPU

{nterface circuit 52:making up an interfaée circuit with
the CPU 42, a bgffer control.circuit 53 for controlling

the buffer ﬁAM 43, and a control signal input/output .
circuit 54 for épplying or supplied with a control signal

to or from the read/write signal processing circuit 44 and



transfer block size MBDN and the host transfer block size MBHN are val ues
-for setting the conditions for starting/stopping the host transfer

bet ween the external equi pmrent and each segnment and the di sk transfer

bet ween the segnents and the di sk, respectively. The disk transfer priority
order PDN indicates the order of priority in which data are transferred

bet ween each segnent and the disk. PDNis set in values of 1 to N The disk
transfer block size MBDN gives a unit gggdata transfer, by sector, between
each segnent and the disk. The host transfer block size MBHN represents a

unit of dat r?gg& b t t yyee e host. Now,

t he oper at i‘g!rI]éo eaﬁqrpa‘#f‘g f%%n%?s{@aﬁ:?g%ués%pp%%lai ned with
reference to P Ce. 20,18l 28042% Jieoban! shahehlaeks Chisiblpdiaghcdne 10D
control circuit 49 is supplied wt ata, commands and paranktters from an

external equbHiBEh RS OsEdnéie SOSE1ngNEdDsESRIs DU e Hueddie host

interface circuit 51, data are output to the buffer control circuit 53
t hrough an ¢édhEreR| cirsu?0153 aald cadaa ngsgmetc P atFRd e sz Fapl43d to the

i nternal bus 202. The host interface circuit 51 is supplied with the data
read from tde tinkfdisiRAdpudrabcough the buffer control circuit 53 and the
internal bus 201. A conmand response fromthe CPU 42 is applied to the host
interface circuit 51 Abrshghnt in FEG. | 28erthecbeffeni RAB243 is

divided into N segments #1 to #N. Each segment of the

buffer RAM 43 corresponds to the registers REG#1 to REGHEN

of the segment setting register 61. Each of the registers

REG#1 to REGH#N has sét therein values including a access

type CSN, a-segment start address ASN, a segment size MSN,

a disk transfer priority order PDN, a disk transfer block

size MBD and a hcst%transfer block size MBN. The number N

of segments is the %otal?number of the segments and

invariable. : |

| The access types CSN is the numbexr for setting

the access type to the agsociated segment from the

external equipment and is divided into three different

types including (1) write-only, (2) read-only and (3)

read-write. The segment start address ASN is the start

address of a given segment in the buffer RAM 43, and the

segment size MSN ;s the size of a given segment. Both are

expresseﬁlby seftgf. OPg_ggytpr repreéents 512 bytes.

o The di§k7t;aﬂ§fér priority order PDN, the disk
transfer block size MEDN and the host transfer block size

MBHN are values for setting the conditions for



and the internal bus 202. These read data and responses -82- to conmands
are output to the external equipnent through the host input/output bus 101.
The buffer control circuit 53 is connected to the buffer RAM 43 through the
.RAM i nput / out put bus 103, and controls the data i nput and output to and
fromthe buffer RAM 43 in accordance to each value set in the segnent
setting register 61. The data input to and output fromthe buffer RAM 43

i nclude those input to and out put fronLng'external equi pnent through the"
host interface circuit 51, those input and output fromthe CPU 42

e reaa)wr PEESHORTFORPELBE. Sy pRfe. Frah e antin ELBr R T
citcuit 55 PesEpeny pnE epEH,BbuRRt Y, L, 416k RopRirbicedtindh, (UL
44 (FIG 2Gkgﬁfgggmgﬁtgngngngggeaigﬁe *ég%ﬁggﬁtg}§[on1the buffer RAM 43

t hrough the control circuit 53 of control circuit 49. The

wite data thus encodeflel qi9u! R+ankZed Beadr489 82darebhe ilkdRakekhr ough. a
signal line 107. Also, the read/wite signal processing circuit 44 receives

and decodes thBeor8ag &Egpalicttegd Ht whichhgabgadrdberinepetbeadi sk 41
through the signal Iine 107. The read signal thus decoded is applied to the
buf f er RAM Batasen eaen sdagmenhhr andhthéedbskf erppOnisoseti LAUvA108s

of 1 to N. The disk transfer block size MBDN gives a unit

of data traﬁsfer, b; séctcr,“bétweeﬁ each segment and the

disk. The hoét transfer block sizé MEHN represents a unit

of data transfer, by sectoxr, between each segment and the

host. |

Now, the operation of each part of the disk
apparatus will be explained with reference to FlGs. 26, 27
and 28.

The host interface circuit 51 of the HDD control
circuit 49 is .supplied with data, commands and parameters
from an external eq@ipmentithrough the host input/output
bus 101. In the host interface circuit 51, data are |
output to the buffer control ecircuit 53 through an
internal bus 201, and commands and parameters are applied
to the intexrnal bus 202. The host interface circuit 51 4is
supplied with the data read from the buffer RAM 43 through
the buffer control circuit 53 and the internal bus 201. A
command-response from the CPU 42 is a§pliad to the host
interface circuit S1 througﬁ the CPU interface circuit 52

and the internal bus 202. These read data and responses

slen o xSt g



The actuator drive circuit 48 outputs a drive -83- signal 108 to the
actuator 47 on the basis of an actuator control signal 106 fromthe contro
signal input/output circuit 54 of the HDD control circuit 49. This drive
signal drives the actuator 47 so that the head 46a is noved through the
head assenbly 46. The CPU 42 neceives commands and parameters fromthe

ext ernal equi pnent through the host interface circuit 51 of the HDD control
circuit 49 and the CPU interf?ee circuigy, 52. The CPU 42 interprets the
commands, controls the buffer |{control circuit 53, the read/wite signal

processing circuit t t dr.i Lkcuit .48 nd, t hus, execut es

the data rét%dﬁ%ﬂ\h\a@é%pg}% ior(‘;“(r?f.rﬁ%t Ls‘%, %ﬁeet‘f&%:%?lgl %%pg'epgsp ﬁ?(‘é‘gpo a '

command, if_.require ! rnal ~aqui pnent through the CPU interface
hjel " doebt/ ot B n o

circuit 52 | FCui't 51. The command processing in the

di sk apparatus confi @fg;&e t.lled?: QY& I 3] ' | ow Wit h
reference to the dra\j%]%% egrr%et%r% se ?‘fiﬁg g'\(l)vmﬁ?n S gﬁﬁeﬁ%s%?’or t he
Segment  setyy u@fg%ﬂw LE) %&cﬂ;ﬁ TRATRAM &/outBEtapGesSIpayPe, the
segnent si?g,entg,he Isk transfer priority ordg'#,ggt ‘guﬁlgsk tsﬁgnngr' bl ock

size and t hgd@eintidodRs fittle daeK iTipt® ahlde outpiRNkoNERBCkrbh 2Re

I dentification nunber of each segnent and is given as K (=1 to N). The

access typaufifsr FgNEX in aecordance to each value set in the
ségment setting register 61. The data inpﬁt to and output
from the buffer RAM 43 include those input to and output
from the external eguipment through the host interface
circuit 51, those ipput to and output from the CPU 42
through the CPU int%rface qi;cuit 52, aﬁd those input to
and output from theiread/write signal processing circuit
.44 through the-feéd/wriée-input/outéut bus 104.l The
segment setting register 61 of-the buffer control circuit
53 is set by the CPU 42.

The<read/writa signal processing circuit 44

(FIG. 26) receives and encodes the write data from the
buffer RAM 43 through the buffer control circuit 53 of the
HDD control circuit 49. The write data thus encoded is
output to a head 46a as a write signal through a signal
line 107. Also, the read/write signal processing circuit
44 feceives and decodes the read signal read out by the
head 46a from the diEk 41 through the signal line 107.

The resad signal thus decoded is applied to the buffezr RAM

43 as a read data through the buffer control circuitlss.

The actuator drive circuit 48 outputs a drive



the disk transfer priority order, the disk transfer bl ock -84- size and
tne nost transfer clock size, respectively, correspond to each set val ue of
the segnment setting register. FIG 29 is a flowhart show ng the operation
of processing the segnent setting conmand by the di sk apparatus accordi ng
to the seventh enbodinment. As shown in FIG 29, upon application of a
segnent setting command fromthe external equipnent thereto, the CPU 42
(FIG 26) acquires each set value fromgdie paraneters of the applied
segnent setting command (step S181), and checks whet her the acquired set

val ue is ingigiiad 108 aoPredeittiatod 4yNen thbeBa8182b¢ bR hBeusdse Where
the set value is out of-the predeterm ned range, an error is notified to

the exter nadorfd 10 EYnals 106 3o thencohtreaseiwhaleinpte/oudpue is within’
the predeterm ned range, the U 42 considers the segnent #K as an

avai | abl e afiardisitte[$4SHE3 thea HODC aopared cieccadtudd.seghist dsive With t
sumed sizée of avail able areaﬂ not assigned as a segnent (step S184). In

t he case weighalhdoivgsethe adtuagfor diamsot itbagygheabkadadéa is size, an
error is notified to the external equipnent (step S185). In the case where
t he segnentmaved tiirough rihe headapgseabily 46ea in size, on the other hand,

t he segnment start address of “REG#(K+H) to REGEN is recal cul ated and
The CPU 42 receives commands and parameters from

tﬁe externéi eqﬁibment-tﬂrbuéh.éhe hdst interface circuit
51 of the HDD control circuit 49 and the CPU interface
circult 52. The CPﬂ 42 interprets the commands, controls
the buffer control circuit_53, the read/write signal
processing circuit 44 and the actuator drive circuit 48,
and thus executes the data read/write operation. Also,
the CPU 42 gives a response to a command, if required, to
the external equipm%nt through the CPU interface circuit
52'and ﬁhe_host iht%rfacé“circuit~51.-
whéucbmhaﬁd.pfocessing in the disk apparatus
configured as described above will be explained below with
reference to the drawings.
[Segment setting command]

Parameters for the segment setting command
include the segment number, the access type, the segment
size, the disk transfer priority order, the disk transfer
block size and the host trangfer block size. The segment
number is an identification.number of each segment and is
given as K (q.l.xa.N%,J\mhe?access.type,.the.segment size,

the disk transfer priority order, the disk transfer block



set in each register (step S186), and each value is set in -85- REGEK
(step S187). FIG 30 is a diagramfor explaining an exanple of changing the
segnent setting according to a segnent setting command. The exanpl e shown
in FIG 30 concerns the case in which the size of the buffer RAM 43 is set
to 128 kB (kB: 1024 bytes), the total nunber N of segnments is set to 4 and
the size of the segnment #3 is changed from 16 kB to 32 kB. (a) of FIG 30
shows the stateée before conmand execufi-@g- and (b) of FIG 30 the state
after command execution. ‘When the segnent #3 is considered as an avail abl e

area, the PR Zheé nciAidrtidiead PAodic A%k Bredgactivaaysumed size of
avail abl e areas i's not less than 32 kB that is the segnent size to be set,

the segnenteddridpciidl MRS ekdh tdtt SROERN o 4hies geg@@wlsaﬁingand the start
address 4000H i s changed to 5000H t hus ending the setting. [Segnent state

request conregidtddnon application of a segnent state request command to the
CFU 42 fromthe external equipnent, the CPU 42 checks the segnent setting
regi sters REGHl to REZFO sZ23ubsita aflgwchank ahquing tihe sspensdiion &ff each
regi ster and the size of an a avail able area not assigned as a segnent to

t he ext er nadragpssimantthe \gagmento malitdng command by the disk

apparatus according to the seventh embodiment.

As shown %n FIG. 29, upon application of a
segment setting com&and from the external equipment
thereto, the CPU 42'(FIG. 26) acquires each set wvalue from
the parameters of the applied segment setting command
(steﬁ S181), and checks whether the acguired set value is
included in a predetermined range (step'SISZ). In the
case where the set value is out of the predetermined
range, an error is notified to the external equipment
(step S185).

Iﬁ tﬂe casa where a set value is within the
predetermined range, the CPU 42 considers the sagment #K
ag an available are (step S183), and compares the secure
segment size with,tqe summed size of available areas not
assigned as a segment (step S184). In the case where the
segment is larger than the évailable area in size, an
error is n§tified to the external equipment (step S185).

" In the case where the segment is smaller than the
available area in size, on the other hand, the segment

start address of REGH#(K+l) to REGHN is recalculated and

get in each register (step S186), and each value is set in



Paraneters for the wite command i ncl ude the -86- identification nunber,
the disk start address and the wite size. The identification nunber
corresponds to the segment nunber set by the segnment setting command. In

t he case under consideration, the identification nunber is assuned to be M
(M=1to N. The disk start address. neans the wite start address on the -
disk, and the wite sizeis the size of the data witten;,; each being set by
sector. Upon application of alwite cosnd to the CPU 42 fromthe external
equi pnment, the CPU 42 acquireg the identification nunber Mfromthe

par anet er s rfc#i| 4 is1@yyrand; and reads the value set in the segnment
setting register REGIM Then, the CPU 42 controls the host interface -

circuit 51 and the bufer 3puy o didgrn % RN INY QK eka
processing of the host transfer in which data are transferred fromthe

external eqf pmEnging tthe segment #kictingcascerdingwicbhat Bégheﬁt transfer
processing, the CPU 42 controls the buffer control circuit , the
read/ wit e setthiag wommasi.ng Ther exampldé shdwhhdnaflGat 30 donegerasrcuit 48
thereby to execute the disk transfer processing in which data are

t r ansf er r echier erasehdrs elvieint thel sdzeheofdithle bULfRIrGRAN148sia desigtam
showi ng paraneters associated with the accunul ati on of the segnent #M the

128 kB (kB: 1024 bytes), the total number N of segments is.

sat to 4 and the size of the segment #3 is changed from 16

kB to 32 kB. (a) of FIG. 30 shows the state before

command execution, and (b) of FIG. 30 the state after

command execution. |

When the iegmem: #3 is considered as an

avallable area, thej;ummad gize of available areas ig 48
KB. slnce the summed size of available areas is not less
than 32 kB that is the sagmant size to be set the segment
start address of the segment #4 is recalculated, and the

. start address 4000H is-changed to' SO00H thus ending the
setting.
[Segment state request command]

Upon application of a segment state regquest
command to the CPU 42 from the external aquipmeht, the CPU
42 checks the segment setting registers REG#i to REG#N
sequentially, and outpute the'set value of each registex
and  the size:of.an aIailabieraraa not assigned ag a

segment to the axtarﬁal equipment.-
[Write command].

Parameters for the write command include the



host transfer and the disk transfer. The paranmeters for -87- the segnent
#M the host transfer processing and the disk transfer processing are
defined as follows. Specifically, the segnent size is defined as MSM the
segnment accumul ation ambunt as MAM the avail abl e segnent size as MFM the
wite size as MV the read size as MR the renaining host transfer data
anount as MDH and the remaining disk transfer data anount as MDD (in units
of bytes). Also, the disk transfer rateggs defined as VD (in units of
MB/s). Now, the host transfer for processing the wite command wll be

expl ai ned i padRt i catidn olfs@PCceel® didk Srardhaadiasds tdransdig fromthe
external equipnent to the segnment. #M i s executed while nonitoring the

avai | abl e spgieatsszge Mihé of démel fagHridn Hdniae korrddodiis ttd ransf er
bl ock size MBHMset in REG#M FIG 32 is a flowhart show ng the

processi ng séghest numsivst cset rigm the segmeanialsesguingesdmniand .he Iredthent #M
As shown in FIG 32, with the activation of the host transfer processing,
the CPU 42 qaseiurder eongidéeration, he/mdentifcation mumbar dem t he
buffer control circuit 53 (step S191), and sets the host transfer size MIH
(step S192)assupedict?® Be MsfMr=st %0 iN) « h&he Ak staxte addXeRs host

transfer Dbl ock size (MBHM x 512% or . t-he m ni mum val ue of the renai ni ng host
transfer daf@ans the write start address on the disk, and the write

size is the size ofgthe data written, each being set by
sector.

Upon application of a write command to the CPU
42 from the exterqal equipment, the CPU 42 acquires the
identification number M from the parameters of the input
command, and reads the value set in the segment setting

- register REGHM.

Then, the CPU 42 controls the host interface
circuit 51 and the buffer control circuit 53 thereby to
erecute the processing of the host transfer in which data
.are trzansferred from the external equipment to the segment
#M. Concurrently w:Lh the host transfer processing, the
CPU 42 controls the buffer control circuit 53, the
reéd/write signal processing circuit 44 and the actuator
drive circuit 48 thereby to ezecute the disk transfer
processing in which data are transferred from the segment
#M to the disk 41.

FIG. 31 is a diagram showing parameters‘

associated with the accumulation of the segment #M, the

host transfer and the disk transfer. The parameters for



amount MDH. Then, the CPU 42 conpares the avail able segnent size MFM
with the host transfer size MIH (step S193), and repeats this process until
v avai | abl e segnent size reaches or exceeds the host transfer size (S191 to
. §193). Wen the avail abl e segnent size reaches or exceeds the host transfer .
size, a transfer ready signal is output to the external equipnment (step
S194), and the data equivalent to the host transfer size MIH i nput fromthe
external equipnent is witten in the sggzgnt (step S195). After conplete
process of witing in the segnent, the U 42 cal cul ates the renaining host

transfer dattﬁe?‘ngﬂEn‘cskﬁp %ﬂxgﬁxg%@gfggﬁgE?#‘?ﬁ&@&éslﬂﬁh'&ﬁ&’&t LNgy RSt

transfer data iS Zero or hot € case ere € renaini ng

“host transf%%agggggaggﬁﬁg?hgn%aggg&ﬁgggﬂe eLg. sbhgofigst transfer process is

repeat edly execute ase ere the remaining host transfer data

amount is zero, on thggaldiehdaang, the Reynehid33ber 18 Aeginels aker M nat ed.
Now, the di'sk transfer processing in which data are transferred fromthe

segnment #Nlhsmﬁhﬁhéi§ggﬁénwihbchﬁuﬂé?kéhnﬁﬂoﬂhihaéeﬁﬁﬁenﬁﬁetQvéhﬁaﬁl@“ﬁhart
of FIG 33. The disk transfer in which data are transferred to the di sk 41

i's execut ed g¢fineftBAzacaENUFMhethagwRteasa8UAS MW) EHRUPEadPdLeé the
segnent #M and the disk transfer for other segnents based on the disk

transfer bl askMBi, zeh&Bbéhashing hbgtREﬁ#hkﬁad dhatadamsuhtaasf MDHpahdrity
order POM the remaining disk transfer data amount as MDD (in units

of bytes). Also, the disk transfer rate is defined as VD

(in units of MB/s). '

Now, the host transfer for processing the write
command will be explained in detail with reference to FIG.
32. The host trans%er from the egternal equipment to the
segment #M is execu#ed while monitoring the available
segment size MFM of?the segment #M based on the host
transfer block size MBHM set in REG #M.

| R ?IG; 32.is a flowéhaft'showing the processing of
host transfer from the extefnal equipment to the segment
#M.

As shown in FIG. 32, with the activation of the
host transfer pfccessing, the CPU 42 acqﬁites the
available size MFM of the segmént #M from the buffer
control cixcuit 53 (step S191), and sets the host transfer
size MTH (step S192). The host transfer size is the
minimum value of the| host trangfer block size (MBHM x 512)
or.the minimum valueﬂof'thé réemaining. host transfer data

amount MDH.



1
FIG 33 is a flowhart shewi ngithe processing of disk transfer fromthe
segnent #Mto the disk 1. As shown in FIG 33, upon activation of the disk
transfer processing, the CPU 42 acquires the segnent accunul ati on anount
MAM of the segnment #M fromthe buffer control circuit 53 (step S201), and
sets the disk transfer size MID (step S202). The disk transfer size is the
m ni mum val ue of the disk transfer bIocE size (MBDM x 512) or the m ninmum
val ue of the remmining disk transfer da 5 anount MDD. Then, the CPU 42
conpares the segnment a cunuI%Fhon angunt MAM w th the disk_transfer size
MID (step S203), and M FEULA CEQQPEFFFIthﬁeagééﬁéh%eaESGWﬁPﬁtion
anmount reaches or excgﬁg ﬁhe di sk trangfer size (S201 to Sf ;é n the
segment accSrgRaMFYnWitBukher BAERErARSERE cBLE Y] d‘§§e?r%.% W%e, the
CPU 42 noni tors thei, disk transfer, of ofher_ seg nts ste g % and checks
whet her the*&??ﬁ“ﬁraﬁSFeF*ﬁraﬁér“Th*prrb?l?ﬁafhah*?hﬁ @W% L7481 er of the

segrent. M Lg MNdS! £XERULLAD {ALRaeORNandbER SUED Pfbpkeligfeder |5

" under execu OVG nmen process 1I's rep ea

transter i ghgh kﬁepsbemxlergsgméﬁtce b o4 8ali5207% foeﬁégga wiben no di sk

transfer in priority or 'S un er execut1on, on the other hand,
the processppgtf @ransiebeNgikae dafcﬂaﬁsﬂ)afafeaaytaign£1di§ko&fﬁun§fe<5 si ze

into the disk 41 is executed (step S20
the external equipment (step $194), and the data
equivalent to'the hjst transfer size MTH input from the
g exXxternal equipment is written in the segment (step S195).
After complete process of writing in the
segment, the CPU 42 calculates the reﬁaining host transfer
data amount (step 5196) and checks whether the remazn;ng
host transfer data is zero or not (step S197). In the
case where the remainlng host transfer data amount is
larger than zero, the host transfer process is repeatedly
executed. In the case where the remaining host transfer
data amount is zero, on the other hand, the host transfer
process is terminated.

| _
Now, the éisk transfer processing in which data

.
EalY
13 -
¢

are transferred from the segment #M td.the disk 41 will be
explained with reference to the flowchart of FIG. 33. The
disk transfer in which data_are transferred to the disk 41
is executed while monitoring the segment accumulation
amount MAM of the segment #M and the disk transfer for
other segments based on the disk transfer block size MBDM

set in the REG#M and the disk transfer priority order PDM.



-90- After conplete process of witing in the disk, the CPU 42 cal cul ates
the remaining disk transfer data anmount MDD (step S207), and checks whet her
the remai ning disk transfer data anount is zero or not (step S208). When
the remaining disk transfer data anmount is |arger than zero, the disk
transfer processing is executed repeatedly (S201 to S208). Wen the
remai ni ng di sk transfer data anount- is zero, the disk transfer processing
is conplete. [Read command] Paraneters89r the read command include the

i dentification nunber, the disk start address and the read size. Upon

application of a readrIBNMERAE & BUMhREHE Thidhw iU ithE PrdcadsingChyd 42,
the CPU 42 acquires the identification nunber L fromthe paraneters of the

i nput commAigkandansféx €rom Ttheaseymente#M tot BResagBRNlL.setting register
REG#L. Then, the CPU 42 contrdls the buffer control circuit 53, the
read/wite signal prdeessionn gin Q. 48, amponhectdvettion a&fi whecidiski t 48.
Thus, the processing of disk tiransfer is executed fromthe disk 41 to the
segnent #L traRsEeTr PROCRIFING .t *bedCEN fRaAasauirgsotheseagmente CPU 42
executes the procgessing of host transfer fromthe se%nent #L to the

external e RFEGHRMATISN: SRCUAY MAY Phethessegment: A TEPAcEhe BYEERT ¢ he

buffer control circuit 53 (step S201), and sets the disk transfer
size MTD (step S202). The disk transfer size is the
minimum value of-the disk transfer block size (MBDM x 512)
of the minimum valﬁe of fhe remaining disk transfer data
amount MDD.

Then, the CPU 42 compares the segment
accumulation amount MAM with the disk transfer size MTD
(step 5203), and repeats this process until the segment
accumulation amount eéches or exceaeds the disk transfer
size (S201 to szaé).r When the segment accumulation amount
reaches oz exceeds the disk transfer size, the CPU 42
‘monitors the~disk=tfansf§r ©of other segments (step S204)
and checks whether the disk transfer higher in priority
than the disk transfer of the segment #M is under
execution (step S205). When such a disk transfer.is under
execution, the abkove-mentioned process is repeated until
the disk transfer higher_in priority order is complete
(S204 to S205). When no disk tfansfer higher in'priority
order is under execution, on the other hand, the
processing for writing the data equivalent to the disk

transfer size into the disgk 41 is executed (step S206).

Cee i i VO r Y e P A R I of o B 5 TNV S B T T R A



control circuit 53. The processing of disk transfer fromthe disk 41 to the
segnent #L is executed while nonitoring the avail abl e segnent size ML of
the segnment #L and the di sk transfer of other segnments based on the disk
transfer block size MBDL set in the REG #L and the disk transfer priority
order PDL. FIG 34 is a flowhart show ng the processing of disk transfer
fromthe disk 41 to-the segnent #L. As-%88ewn in FIG 34, upon activation of
the disk transfer processing, the CPU 42 acquires the avail abl e segnent
size MFL of the segnefAftélr tomplete prbtesscofit welitingctint tha @isky S211),
and sets the disk transfer size MID (step S212). The disk transfer size is
t he m ni nunthel CEU042t haldulates ablhé eremdinikngi dbsk VBEAhxf&#2data t he

m ni mum val ue of the remaining disk transfer data ambunt MDD. Then, the CPU
42 conpar esampunt MBP| t8terstddihi andcchecksi vhether kb remathingsi ze MID
(step S213),. and repeats this process-until the avail abl e segnent size
reaches or @kEkctEanmfey; data ameyRt 15 ,22¥e97 REtspSTEPVPEABY ke avail abl e
- segment size reaches or exceed§,the disk_transfer size, the CPU 42 nonitors

the di sk tr4ReRcFherreppining disk tyansferdaia anount ks WAEIREr a di sk

transfer higher in priority,order than the disk,transfer of the segment #L
i s under exgkﬁ?iﬁﬁr stEBesé&S#.t¥?"§§%ﬁ processing is executed :

repeatedly (S201 to S208). When the remaining disk
transfer data amountlis zero, the disk transfer processing
is complete. |

[Read command]

Parameters for the read command include the
idéntification.nﬁmber, the disk start address and the read
size. |

Upon appl;cation of a read command from the
external equipment To the CPU 42, the CPU 42 acquires the
identification numbexr L from the §érameters of fhe;input
command and ‘reads each parameter set in’ the segment
sétting register REGH#L. .

| Theﬁ,?the CPU 42 controls the buffer control
circuit 53, the read/write signal processing circuit 44
and the actuator drive circuit 48. Thus, the processing
of disk transfer is executed from the disk'4l to the
segment #L. Concurrently with the disk transfer
processing, the CPU 42 executes the processing of host
transfer from thewseémant #L to the external equipment by

controlling the hqu iqgerféce circuit 51 and the buffer

1



-92- a disk transfer is under execution, the above-nentioned process is
repeated until the disk transfer higher in priority order is conplete
(steps S214 to S215). In the case where no disk transfer higher in priority
order is under execution, on the other hand, the processing is executed for
readi ng the data equivalent to the disk transfer size fromthe disk 41
(step S216). Upon conpl ete processing for, reading the disk, the CPU 42
cal cul ates the remaining disk transfer data anount (step S217), and checks
whet her the renpinjng, di sk transfer amount is zero or not (step S218). In
%ﬁairéhﬁﬁqgiméé;

the case whef®Rt sk transfer anmount is |larger than zero, the

di sk transfer processi I s repeajedly executed (steps S211 to S218). In
the case where the ren@ﬁ iﬂﬁ°ﬂ$§§£?ﬁa%gf@4shaF%PQﬁfﬁﬁnf?%mzﬁk%,di$ﬁ 41

o "hoot & ar€? oFRE SRS Ll F SoAhed oi5lTR Bkl c R AR by 1 b

| ai ned wi I 3 Fl S i fl hart i ng .the .
b boessi ng GRBESS iridhy Siae e af e sedhens Ao Ehe lebmen:
Th ' #L 1. |
caui pront 1 o SRETE T Heqrsiid He 0 TR e b oA A mount o

the segment plodigsfikeMEDIS St "3 MG U0 ThaSivhe Mk SSladdEde
regi ster REGHL. _

priority order PDL.

| . FIG. 34 iL a flowchart showing the processing of
disk traﬁsfer from Lhe disk.41 to the segment RL.

| As shown in FIG. 34, upon activation of the disk
transfer processing, the CPU 42 acquires the available
segment size MFL of the segment #L from the buffer control
circuit 53 (step S211), and sets the disk transfer size
MTD (step S212). The disk transfer size is the minimum
value of the disk transfer. block size (MBDM x 512) or.the
minimum value of the remaining disk transfer data amount
MDD . '

Then, the;CPU 42 compares.with available seément
size MFL with the disk transfer size MTD (step S213), and
repeats this procesL until the available segment size
reaches or exceeds the disk transfer size (S211 to S23).
When the availsble segment size reaches or exceeds the
disk transfer size, the CPU 42 monitors the disk transfer
of other segments (step S214) and checks whether a disk
transfer higher in priority oréez thén the disk transfer

- of the segment #L is under execution (step S215). If such



-93- As shown in FIG 35, upon activation of the host transfer processing,
the CPU 42 acquires the segnent accunul ati on anount MAL of the segnent #L

- fromthe buffer control circuit 53 (step S221) and sets the host transfer

' size MIH (step S222). The host transfer size is the mninmmvalue of the
host transfer block size (MBHM x 512) or the m ni mum val ue of the remaining
host transfer data anmount MDH. Then, the CPU 42 conpares the segnment
accunul ation amount MAL with the host t1¥rsfer size MIH (step S223), and
repeats this process until the segnent accumrul ati on anpbunt reaches or
exceeds t he shabisk rtpansfeniis yder execgtion, When shevesagmiioned

accunul ation anount reaches or _jexceeds the host transfer size, the CPU 42
outputs a tmEesess deadepsafed| und-ilh&hexddskatreqpsfere igheregns224), and
the processing is, executed for jreading fromthe se%gfnt t he data equi val ent

to the host RFARISF aRdar NrHGaRRlets dR%me S&lé Fa S&dilpnedr eep
el ni ng. DO RHRTR D ALLEE, TSR, O SBpRoytn BRI T CIARE: A8 ¢ he.
Femai ning hovtaes HREE S IR ddheiirand., Me REERRROAE 1o
Gat o amount PESHER B ML BN ot BT aTen IR oS WIER 0 10 T
transfer size from the disk 41 (step S216).
Upon complete processing for reading the disk,
the CPU 42 calculates the remaining disk transfer data
amount (step S$217), and checks whether the remaining disk
transfer amount is zero or not (step S218). 1In the case
where the remaining disk transfer amount is larger than
zero, the digk transfer processing is repeatedly executed
(steps S211 *o 5218p. In the case where the remaining
disk transfer data ;mount is zero, in contrast, the disk
transfer processing is completed.
Next, the ﬁrocessing of host transfer from.the
éegment #L to the external equipment will be explained
with reference fc FIG. 35. FIG. 35 is a flowchart showing
the processing of host transfer from the segment #L to the
external equipment.
The proceséing of host transfer from the segment
#L to the external equipment is executed while moﬁitoring
the segment accumulation amohnt of the segment #L based on
. Iock size MBHL set in the register

the host transfer b’

REG#L.



term nated. As described above, according to the seventh enbodi nent, the
external equi pnent can set the segnent size, the transfer block size and
the conditions for starting or stopping the transfer in the order of
priority of the disk transfer size corresponding to each channel data into
t he di sk apparatus by use of the segnment setting command and the segnent
state request command i n advance of the_recording/reproduci ng operation. A
wite command or a read conmand carryiﬁ%3an i dentification nunber
correspondi ng to each channel data is issued during the recording or
reproduction. In thisAﬁa§P°Wﬁei§iEEGapéﬁvaﬂngnaé§§guaﬁéoﬂo°fhbh%eheﬂth
enbodi nent can record or reproduce, each data in accordance with the

segnent si zEFapREet BRSFRFSLNG ckthe LPY AR ( dequiEes tFhmsIegment ority order

h : d i bed ab [ he_dj sk di h
Sevent h erbBEFHENLECER SBg Rk ek 8t “tie FREHRT G SRR B di sk
t f | | t 1§ tti
command 1 osPFEdLEEFEuFECEE T mtip “SEEEY oRELEEHE T i Malindlen "
the disk trapslohmh pSEss! 89281 Pl iBbe£lfinded e ARl et hod. 1N
this way, the nmenory sizée an he. control method correspondi hg to each

channel " cangbg; figh $4148%#! fRe Fodt!| -4 ELARNaLSGE UL Y il LRI LFpICE i On

operat on.
or the minimum value of the remaining host transfer data

amount MDH. j

!
Then, the| CPU 42 compares the segment

!
accumulation amount!MAL with the host transfer size MTH
(step S223), and repeats this process until the segﬁent
accumulation amount reaches or exceeds the host transfer
size (S221 to 5225). When the segment accumulation amount
reaches or exceeds the hbst éransfar size, the CPU 42
outputs a transfer ready signal to the external equipment .
(step S224), and the processing is executed for reading
from the segment the data equivalent to the host transfer
size MTH input from the external equipment (step S225).

After complete segment read processing, the CERU
42 calculates the remaining hest transfer data amount
(step S226), and checks whether the remaining host
transfer data amﬁunt is zero or not (step S227). When
the remaining host transfer data amount is larger'than
zefo, the CPU 42 repeatedly executes the host transfer

processing. When the remaining host data amount is zero,

on the other hand, the host transfer processing is



-95- According to the seventh enbodi nent, a segnment is set by the segnent
setting command. The recordi ng-reproduci ng apparatus according to the

- present invention, however, can alternatively be configured in such a
manner that the wite data with the segnent setting information attached
thereto is transferred to the di sk apparatus, and the di sk apparatus
detects the segnent setting-information contained in the wite data or read
data thereby to set a segnent. Accordin§4ro t he seventh enbodi nent, the
priority order of disk transfer, the disk transfer bl ock size and the host
transfer bl &ekmdnasedre deternined as the transfer-starting conditions set
for each segnment. The recordi ng-reproduci ng apparatus according to the
present invention, hofs &es e @bove.i wacPTdd ngo i Fhecsevendbch a
manner as to control the start and_stop of disk transfer and host transfer

using or ad@MRGIGPRETE paPEERERTNAA-BERAPRENToCRReSEEy ERRNSBEMBRF TNt each
" ecor di no. r BB PG SHRB tﬂéléé_%ﬁg%ﬁé% e RrRRLRL St a Bl on, |
cegment - set PR ABAmER SPRPELaEr PR SrERraTe dhatiecCRARrcor: BELPE Y ©
According tod Ra SAYER! RraRuedi"88%e EBZresponding to each channel

data into the disk apparatus by use of the segment éetting

command and the segment state request command in advance

of the recording/reproducing operation.

A write command or a read command carrying an
identification number éorresponding to each channel data
is issued during the recoraing or reprocduction. In this
way, the disk apparatus according to the seventh
embodiment can recogd or reproduce, each dafa in
accordance with the]segment size, the transfer block size
and the disk transfer priority order thus set.

As described above, in the disk'apparatus
according to the seventh embodiment, the segment size, the
transfer block size and the disk transfer priority order

_are set by segment based on the segment setting command
from the external equipment, and the host transfer
processing and the disk transfer pfocessing are controlled
by a preset control method. 1In this way; the memdry size
and the control method corresponding to each channel can
‘be set at the time of multi-channel recording and

reproduction operat%on.



-96- identification information of each command is set as a paraneter of
~each command. The recordi ng-reproduci ng apparatus according to the seventh
"enbodi nent, however, can alternatively be configured in such a manner as to
provide a dedicated information| setting conmand executed before issue of a
wite command/ read conmand. <<Ehbodinent 8>> Now, a di sk appar at us
according to an eighth enbodi nent of th_Egsgr esent invention wll be

expl ai ned. The configuration of the di sk’&pparatus according to the eighth
enbodi nent is substantjall

r.to that of the disk apparatuses shown

in FIGs. 26, 27 and 2 .c"rﬂ%di‘s:ﬁi‘gkL%pB%?a?%%e%?éo?'ﬁh?ﬁ;i’ﬁf‘?hea ciegmont

Expl anat | on V1 §8 DS HAHer ST BARARGy oaHEs ng t he t ransf er
enbodi nent | TACIHEE- ey’ SRRAIAME REEHARS £tk eflanE (e
ate VoH o TRSHIal MOt S Mt edHia tary B Bnditheae 1 112

cor r espondi ng, o a Mnrike dn ¥ AIRX REASES Gddh YWl Mo SRGMANE: RRL3REONT -

FIG 36 is a flowhart show ng the operation of processing the transter

rate settingiorsFi¥ioit @itided GHIRtY AN RNV o the disk

apparatus, and the disk apparatus detects the segment

setting information contained in the write data or read
data thereby to setia segment.

_Accordingita the seventh embodiment, the
priority order of disk transfer, the disk transfer block
size and the host transfer block size are détermined as
the transfer-starting conditions set for each segment.

The recording-reproducing appératus according to the
preéent invention, howevef, can alternatively be
configured in such & manner as to control the start and
stop of disk transfer and host transfer using or adding
other parameters.

According to the seventh embodiment, each
segment is set by executing the segment setting command by
segment. The recording-reproducing apparatus according to
the present invention, however, can alternatively be

"configured in such 2 manner as to provide a
segment-setting command for setting all the segments
collectively.

According to the seventh embodiment, the



-97- As shown in FIG 36, upon application of a transfer rate setting
command fromthe external equipnent to the CPU 42, the CPU 42 acquires each
- set value fromthe paraneters of the input conmmand (step S231). The val ues
- of the access type, the segnment size, the disk transfer priority order, the
di sk transfer block size and the host transfer block size are set for each
segnent in the segnent setting register 61 fromthe set access type, the
transfer rate and the performance val ue®§=step S232). The set val ues

i ncludi ng the avail abl e segnment size are checked (step S233). In the case
where a set idenieficdticon risiormation aof ieaahttdmmohd dst lseteaseanal

equi pment (step S234). In the case where the set value is correct, on the
ot her hand, pamametpreaf siach comhesdses Thie REGHrIding-repREGYWNiage
recal cul ated and set in each register . (step S235), thus setting each set

val ue i n REGRPITAtYS IP3Brding - tioh &hea s vientis fegibadimento bowgygrant eed, it
IS necessary to set the disk transfer block size and the segnent size -
correctly. mmtalwmwym?mé%%é@sg&% % MeomeTe®s WA | be
descri bed bel ow., Accor flhe ei ght h enbodi the performance val ues

of the acces%r%‘é"rq% dc Hofgrhe Tlon, Seht ﬁﬂn\meﬁﬁ%ddl sk
AN R R e A T A
' <<Embodiment 8>> |

Now, a disk apparatus according to an eighth

embodiment of the present invention will be explained.
The configuration of the disk apparatus according to the
eighth embodimeﬁt is substantially similar to that of the
disk apparatuses shown in FIGs. 26, 27 and 28. The disk
apparatus according to the eighth embodiment processes a
command for setting the data transfer rate.

Explaﬁati?n will be made about the gperation of
processing the tran%fer rate setting command for thé disk
apparatus accordingito the eighth embodiment.

Parameters for the transfer rate setting command
includes the identification number, the access type and
the transfer rate. -The transfsr rate VCH is the one
guaranteed for the recording and reproduction of a
corresponding channel data, and expressed in units of
sectors per second. |

FIG. 36 is a flowchart showing the operation of
processing the transfer rate sétting command according to

the eighth embodiment.



| atency time as TR (in units of nms), the channel setting rate as VCH and
the disk transfer rate as VD (in sectors per second). The maxi num
“recording-reproducing time TRW(in units of seconds) required for recording
the disk transfer block size MBDK (in units of sectors) in the disk 41 or

for reproducing it fromthe dig$k 41 is given as the sum of the maxi num
access tine and the data transfer tine,gggd expressed by equation (32)

below. TRW= TFS + TR + MBDK/ VI (32) Thus the worst val ue VRW

(in sectors per second) OLPthe_average gisk transfer rate including the
access tine is cal cul 85eFPPWINLEqELE: 08¢ 3YPORVRPPLILABAPRTRE & TR +

MBDK/ VD) ;§3é |f MBDK is set to secure the relation VCH [err] VRW for
a set chann&FePFaR fE?t?af%tgiFﬁ cREMERG \SFep the exteEnabieq R8N the

f ?ﬁk”i'ﬂuéé ] ﬁlgﬁgé?*ﬁn%%*sﬁﬁé‘ RBBRA7 FPrSitep 1qe.Sat Srpfle 1 rdm ey '
rom equat _ Eee: TR R IOV
Lo The m i BreParace;p Be, ShedeiEalath Erbes ST 0 rod e flils oter s

oo o B, SRR SRR bl FRELCL R CBkeR! gl on Lhe
priority order, the disk transfer block size and the host
transfer block size are set for each segment in the |
segment setting'register 61 from the set access type, the
transfer rate and the performance values (steap S232). The
set values includin? the available segment size are
checked (step 8233)§ In the case where a set value is
incorrect, an errorzis notified to the external equipment .
(step S234). 1In the case where the set value is correct,
on the other hand, the ségment start addresses of
REG#(K+1) to REG#N are recalculated and set in each
register (step S235), thus setting each set value in REGHK
(step S236).

For the data transfer rate to be guarantéed, it
is necessary to set the disk transfer block size and the
segment siza'céfiectly;r A setting method according to the
eighth embodiment will be described bslow.

| According| to the eighth embodiment, the
. performance values of the access ﬁsrformance'and the disk
transfer performance of the disk apparatus are expiessed

by the following parameters. Specifically, the maximum

gseek time is defined as TFS, the maximum rotational



met hod descri bed bel ow. The segnent size MSK (in units of sectors) is set
to a mnimumintegral nmultiple of eight sectors (4 kB) wthin a range
neeting the relation MSK [err] 2 x MBDK and not exceeding the size of the
avai |l abl.e area. The host transfer block size MBHK (in units of sectors), on
the other hand, is set equal to MSK. The priority order of disk transfer is
set in the descendlng order of the channel transfer rate. For the sane
transfer rate, a higher priority is set&v the segment of access type
called "wite". Explanation will be nade about an exanple of determning a
segment setlatgney spiss fas AR (dny unigsaled e nttihen chaseieli setrdngod: VD =
14000 (sectors per second TFS = 0.02 (seconds), TR = 0.01 (seconds) Wth
t he nunber AT HghHGH féhe dit% trensfies nadiee #oVDeddR SRSRAES i s set
in the foll owi ng nanner VCHL = 1000 (sectors per second), VCH2 = 2000
(sectors peRekcIRFRAG YVCH3 = 1400 (sectors per second), and VCH4 = 2400
(sectors per second)._Jln the process _the follow ng calcula ns .are mde
by equation (34) (figtr@stEEHENm (FRERAS Tr%ﬁ#ﬁ "%d'tﬁ'l # U NESL [err]

1000 x (0. 02 té) 0f1 ) /éconds Oorge/q%z 9:% for3 recordjing the disk transfer

I
blcck 51ze MBDK (1n‘units of sectors) in the disk 41 or

for reproducing it from the disk 41 is given as the sum of
the maximum access tlme and the data transfer time, and
expressed by equation (32) below. |

| TRW = TFS + TR + MBDK/VD (32)

Thus the worst value VRW (in sectors per second)
of the average disk transfer rate including the access
time is calculated from equation (33). |

VRW = MBDK/(TFS + TR + MBDK/VD) (33)

If MBDK is set to secure the relation VCH £ VRW
for a set channel transfer rate VCH, thé transfer at a
rate not less than Lhe channel transfer rate VCH can be
guaranteed. Thus, equation (34) is derived from equations
(32) and (33). .

MBDK 2 VCH x (TFS + TR)/ (1 ~ VCH/VD)

(34)

The disk transfer block size MBDK satisfies
equation (34) and is set to the minimum integrzl wmultiple
of eight sectors (4 kB). Other parameters including the
segment size MSK, the host trénsfer block size MBHK and

the priority order of disk transfer are set by the setting



MBD2 a 2000 x (0.02 + 0.01)/(1 - 2000/14000) = 70 MBD3 [err] 1400 x (0.02 +
0.01)/(1 - 1400/14000) = 47 MBD4 [err] 2400 x (0.02 + 0.01)/(1 -

2400/ 14000) = 87 Fromthese equations, each paranmeter can be cal cul at ed.

Di sk transfer block size MBDK (K= 11t0 4): MBD1 = 40 (sectors), MBD2 = 72
(sectors), MBD3 = 48 (sectors), MBD4 = 88 (sectors) Segnment size MK (K =
to 4): MSl - 80 (sectors), M52 = 144 (sectors) MS3 = 96 (sectors), M4 =
176 (sectors) Host transfer bljock size98BHK (K = 1 to 4): MBHL = 80 - ,
(sectors), MBH2 = 144 (sectors) MBH3 = 96 (sectors), MBH4 = 176 (sectors)
Di skt ransfmethond desoridedebelddw.(K = 1 to 4) PDL = 4, PD2 = 2, PD3 = 3,
PD4 = 1 As described above, the external equipnent sets the transfer rate
of each channel in tHthelissgrgrparsiias MSE @l anits oheatitwrspda at us
according to the eighth enbodi nent can cal cul ate and set the disk transfer
bl ock size sefuta &l Miglmym diahesradg mudiplen sife eighte sectors KdskB)of t he
seek performance and the disk transfer rate of the apparatus. In this way,
the di sk appefhkn® FaNGMeRRingG thee relatiomdBknent? caMBPKasad 8ok he

required data transfer rate by setting the segnent size and the transfer
met hod -e¥peeding the size of the available area.

1

The host transfer block size MBHK (in units of
sectors), on the other hand, is set equal to MSK.

The priority order of disk transfer is set in
the descending order of the channel transfer rate. For
the same transfer rate, a higher priority is set to the
segmeﬁt of access tfpe called "write".

.Explﬁﬁati;n will be made about an example of
deterﬁining a segmeét set value specifically by the
above-mentioned setting method: _

VD = 14000 (sectors per second), TFS = 0.02
(seconds), TR = 0.01 (seconds)

With the number of channels as four, the
transfer rate for each channel is set in the following
mannex:

VCH1 = 1000 (sectors per second), VCHZ = 2000

(sectors per second), VCH3 = 1400 (sectors per second),and
VCH4 = 2400 (sectors per second).

In the process, the following calculatidns are

made by equation (34) (figures below the decimal point
.rounded-up): '
MBDL > 1000 x (0.02 + 0.01)/(1 - 1000/14000) = 33



for each segnent on the basis of the data transfer rate of each channel
supplied fromthe external equipnent. According to the ei ghth enbodi nent,

- each segnent is set by the transfer rate setting comand. The

recordi ng-reproduci ng. apparatus according to the present invention, however
can alternatively be configured in such a manner that the data with wite"
data transfer setting information attached thereto is transferred to the

di sk apparatus, which in turn detects-ll@®~transfer rate setting information
included in the wite data/read data thereby to set a segnent. According t.o
t he ei ghth enboduBB2tz 20@0pxi P0i0¥ ©r@lsdl pf( Hiskkeooys4iea0) thezali sk
transfer block size and the host transfer block size are set as the
transfer starti ngBDdnzli 14@0sxsed. Y se@yr@h)/( The Y400/ TA0QR Y epramuci ng
apparatus according to the present invention, however, can alternatively be’
configured in sudBDé 2e24@0 as(@NZont@AL)IAEL st a240QNHABADD of8Ti sk
transfer and the host _transfer by using or adding another paranmeter.
According to the ei ghFrempsiesenequationganedeh paremeter|eansbeet as the
transfer rate_information froman external equipnent. The

recording r eBLeM@teR- appar at us according to the present invention,
however, ernat Lvel confi c nner as to set the
i rage dat a ISbg{?‘mF ??ﬁ%?ﬁatﬁ%%‘la??%%%g lg U]prfe%e Speed -102-

_ MBD1 = 40! (sectors), MBD2 = 72 (sectors),

MBD3 = 48 (sectors), MBD4 = 88 (sectors)
Segment size MSK (K = 1 to 4):
| MS1 = 80 (sectors), MS2 = 144 (sectors)
MS3 = 96 (sectors), MS4 = 176 (sectors)
Host transfer block size MBHK (K = 1 to 4):

MBHL

80 (sectors), MBH2 144 (sectors)

MBH3 96 (sectors), MBH4 176 (sectors)
Disk transfer priority order PDK (K = 1 to 4)

PD1 = 4, PD2 = 2, PD3 = 3, PD4 = 1

As descrifed above, the external equipment sets
the transfer rate of each channel in the disk apparatus.
As a result, the disk_apparatus according to the eighth
embédiment can calculate and set the disk transfer block
size required for guaranteeing the transfer rate on the
basis of the seek performance and the disk transfer rate
of the apparatus.

In this way, the disk apparatus according to the

eightﬁ embodiment can guarantee the required data transfer

rate by setting the segment size and the transfer method



type nunber and a preset transfer rate. The eighth enbodi nrent shows an
~exanpl e in which each set value of the segnent setting register is

.determ ned fromthe transfer rate information. The setting nmethod for the
‘recordi ng-reproduci ng apparatus according to the present invention,

however, is not limted to such a nethod. According to the eighth

enbodi nent, the setting command can be executed by segnent thereby to set
each segnent. The recordi ng-reproduci ngd ﬁbpafatus according to the present

i nventi on, homever can alternatively be configured to include setting
conmands f orf@et9a¢ly sAgMante %’3@4?&1@5@@ lofc tiheeidp tarsrandifieg tratehefei ght h
enbodi nent, the i entlflcatlonllnfornatlon for each command is set in the

par amet ers 383G el Juprlifd frem the extermedgequdpoendi.ng appar at us
onti gured in such & rATRASEES 8 I (RASHEN ARRORGE e A SRamSRt
cormand. | <<EbA e S sHEEEs %?%?“” 'Sf‘éﬁa‘r’n%aﬁe "B ok
appar at Us ARG U SR O Lo B R SRR T,
substanti al |y AR IH, howetd¥ can alternatlvely be configured in such

a manner that the data with write data transfer setting

information attached theretoc is transferred to the disk

apparatus, which in turn detects the transfer rate setting

information included in the write data/read data thereby

to set a segment.

Accordingito the eighth embodiment, the priority

order of disk trans%er, the disk transfer block =ize and-

the host transfer biock size are set as the transfer

starting conditions set by segment. The

recording-reprbducing apparatus acéording to the present

invention, however, can alternatively be configured in

such a manner as to control the start and stop of disk

transfer and the host transfer by using or adding another

parameter.

According to the eight embodiment, the transfer
rate itself is set as the tranafer rate information from
an external equipmeﬁt; The recording-reproducing

apparatus according:to the present invention, however, can

l
i
alternatively be configured in such a manner as to set the

image data format information as related to a preset speed



to that of the disk apparatuses shown in FIGs. 26 and 27 except for the
segmnt setting register of the buffer control circuit 53. FIG 37 is a

di agram showi ng t he correspondence between the segnmentation of the buffer
RAM 43 and the segnent setting register 6la according to the ninth

enbodi nent. As shown in FIG 37, the segnent setting register 6la according
to the ninth enbodi nent can set the access unit ACK nmaking up a unit of
data transfer fromthe external equi preAP2=Thus, data can be witten into’
or read fromthe segment by the access unit ACK set by the segnment setting
regi ster 61atYR®|Ru SBng A tpyeRet txpnafer (FafRes and sel ected fromthe
val ues of power of 2 not nore than 512. The operation of processing the
commands for the di sk GPPapigath fBkediment shorws mntexampleli HFeithigh t he

Par amet er o cRAChcs e rbtiie Sof (FH8, SRTRIT SHHAATEL TIRLSEIH number, ¢ he

0eese L IPe a LSRRGSl und N SSRGS B Oy order o

tJ gotrlhgp(p::DLC %%ijnxggj Wﬁr_ iﬁiﬁt irne%ocr%?}xan—drefprroorg&ckiengexatpeprar}%ltuesqui prent
according to the present invéntion, however, is not
limited. to such a methed.

According’ to the eighth embodiment, the setting

command can be executed by segment thereby to set each
sggment. The recording-reproducing apparatus according o
the present invention, however, can alternatively be
configured fo include setting commands for setting all the
segments collectively.

' According to the eighth embpdiment, the
identification information for each command is set in the
parameters of the particular command. The
recording-reproducipg apparatus accerding to the present

can'alternatively be configured in

invention, however,
such a manner as to(include a dedicated identification
information setting.command executed before issue of a
write command/read command.

<<Embodiment 9>>

Now, explanation will be made about a disk
apparatus according to a ninth embodiment of the present

invention. The configuration of the disk apparatus

according to the ninth embodiment is substantially similar



checks the paraneters and then recal cul ates and sets the segnent start
address of each segnent in the register thereby to set other values in
REG#K. (Wite command/read comrand] The wite conmand and the read comand
are simlar to those described above in the first enbodinent. The start
address, the wite size and the read size are set in units of sector.

[ Segment write command] Paraneters.-of the segnent wite command include the
i dentification nunber, the segment addrd&¥~ and the wite size. The

i dentification nunber corresponds to the segnent nunber set by the segnent
setting contendhatepft tbei ddski Apparatusesnskeowhbeik FEGs. 126 camd . 27he
segnent address is the wite address in the segnent, and is set with the
start addregscepttﬁers§gseﬁegagnZesgtuthggregéstecegg thetbggfeby t he
segment setting command as a_unit. The wite size is also set using the
access unit co8frpy £AECYAENBRL setting command as a unit. Upon application

of a segnent-Wwite command _from an external equipnent to the CPU 42, the -
CPU 42 causes the exefdd-or7ofs; Be IR3GE2M GRONERT! FBM SRTERERPRAENE]UI pnent

Si ze. Fur{nERCUERD ShB SOODRPERFAPBIoFERS, PYEFAEo R ahs R Adti s (DA +
SN on 1he deglhedt LoOTLhGCreg:8haL! 62090888 PG Bo Bht Snbheect O7S) On
embodiment. I
- As shown in FIG. 37, the segment setting
register 6la according to the ninth embodiment can set the
access unit ACK making up a unit of data transfer from the
external equipment. Thus, data can be written into or
read from the segment by the access unit ACK set by the
segment setting register 6la. This access unit ACK is
given in bytes and selected from the values of power of 2
not more than 512.

. The operation of processing the commands for. the
disk apparatus according to the ninth embodiment of the
present invention will be described below.

[Segment setting command]

Parameters of the segment setting command
include the segment number, the access type, the access
unit, the segment size and the priority order of disk
transfer. The segment designated in the case undér
consideration is K.l

Upon application of a segment setting command

from the external equipment.to .the CPU 42, the CPU 42



the latest wite command or the |atest read command executed for the
segnent #M and fromthe sector address SA (in unit of sectors, wth the

- first sector as zero) of the sector to be witten in the segnent #K. The
CPU 42 then executes the disk transfer for transferring the updated data to
the disk 41 in accordance with the set order of disk transfer. [ Segnent
read command] Paraneters of the segnent read command i ncl ude the

i dentification nunber, the segnent addvddd&- and the read size. The segnent
address and the read size are set in the access unit set by the segnent
setting comchadksUpbe pppémetérsnand themgrecalcelatesnamddséteonthée
external equipnent to the CPU 42, the CPU 42 executés the host transfer
from t he segromenti\starthaddxessnef egchpsegnent imcthearegisteh the set
segnent address and the set wite size. Now, explanation will be nade about
a met hod of theraEYt KPssebnather Yalyes incRER#Ernal equi pment issues a

segnent setting. comand &gd sets thgmsignent setting register 6la as shown
in FIG 37. (Wpdte; remuandineas Kcomm h access is desired in units of

wor ds, the access typg, CSN Lg set to g gbﬁthhfor read and éﬁite oper ati on)
and the access unit ACRS ¥rdtf fgmpand apf, fher Fead GREMENYKETS desi gnat ed

to execute LBe; YOIt 8o CRAiBA %8t ct fifed ®280 v TR "the SP1 + 08 edfSat il hE.
The start address, the write size and the read size are
set in units of sector.
[Segment write command]

Parameters of the segment write command include
the identification number, the segment address and the
write size. The identification number corresponds to the
segmeﬁt number set by the segment setting command. Let
the identification numbei Eé K (K=1 to N). The segment
address is the write~address in the segment, and is set
with the start address of the'segment as zero using the
access unit set by the segment setting command as a unit.
The write size 1is also set using the access unit set by
the segment setting:command as a unit. |

Upon application of a segment write command f£rom
an external equipment to the CPU 42, the CPU 42 causes the
execution of tbe host transfer from an external equipment
to the segment #K in acéordance-with the set segment size
and the set-wfite siée.' h

Further, the CPU 42 calculatas the write

destination address (DA + SA) on the disk 41 from the



data or the read data, as the case may be, is set in the segnent #K. After
that, the data stored in the segnent #K is read by issuing a segnent read
command, and the stored data is changed by issuing a segnent wite conmand.
The data witten in the segnment #K by the segnent wite command is witten
n the corresponding area on the disk 41 by the processing in the disk
apparatus, thus holding the-i-dentity between the data in the segnent #K and
the data on the disk. The segnent #K tth@ set has stored.therein, by
reading with a read conmand,” i nforrmati on such as the FAT (file allocation
tabl e) i nfosfartoaddress PA (iaquohitsyoficsectensinanftheuadhskysetwpytten in
small units. As a result, subsﬁquent random access in units of words to the
buf fer nmenoithehdadnes weisroredmapd A Shaeletpet raedvePmmande due to disk

Gescr i bed aBBRERCPACLAFS e FaPRBE BICER, AEOTothRcERFROR BABERRREIA
O the bur 1 SEARE G oFnBoRFER= apBiFAy Bo%: RLFRE Seebet fn Yexd) 'af SB8lC. Ac
Cherandom SPESEE 59T PR, BreyBRCEhr b PuheRe hRn nERRGRT on AER. ™ °°
T g hEared, B5k, Mok S SRAYER. 3 L MaFARUIAY. LeufasELs 10
data to the disk 41 in accordance with the set order of
disk transfer.
[Segment read command]
Parameters of the segment read command include
the identification number, the segment address and the
read size. The ségment address and the read size are set
in the access unit et by the segment setting command.
Upon appl?cation of a segment read command from
the external-equipmént to the CPU 42, the CPU 4Z executes
the host transfer from the segment #M toc the external
equipment in accordance with the set segment address and
the set write size.
Now, explanation will be made about a method of
using this command.
First, the external equipment issues a segment
setting command and sets the segment setting registe; 6la
as shown in FIG. 37. For the segment #K to which.access
ig desired in unitsiof words, the access type CSN is set

to 3 (both for read|and write operation) and the access

unit ACK is set to 2.



however, can alternatively be configured in such a manner that the wite
data with the segnent setting information attached thereto is transferred
to the disk apparatus, which sets the segnent by detecting the segnent
setting information included in the wite data/read data. The segnent
setting register according to the ninth enbodinent is so configured as to
set neither the disk transfer block size nor the host transfer bl ock size.
The recordi ng-reproduci ng apparatus acedPéing to the present invention,
however, can alternatively be configured in such a nanner that such set

val ues are added to t hThabpvtheesegmert #iCtiy adestgndtedrth ngedcutdie ni nth
enbodi nent, each segnent is set by executing the segnent setting command by
segnent . Thethecwriltegonmand uar nthen pread tasmmarohr ongthat tihe prretmnt

i nvention, however, can alternatively be configured in such a manner as to
i ncl ude a sed@tatoxcthe weadiatral fag the age #dy e deymeh sn the
collectively. According to the ninth enbodi nent, the identification

i nf or mat i on SAIMRRE HOonAFERT sthak, dhe dats staredkddy The sagmentodifand.

The recording-rgg&gﬁgcb&g apparatus according to the present invention,
however, cant®I¥ T TSRS @ 99T T RAMRRS, fE (g Ftored

eont o g d L LS ) SR SO S L. O "
data written in the segmenf #K by the segment write
command is written in the corresponding area on the disk
41 by the processin? in the disk apparatus, thus holding
the identity between the data in the segment #K and the
data on the disk.

The segment #K thus set has stored therein, by
reading with a read command, information such as the FAT
(file allocation table) information which is frequently
accassed -and frequently rewritten in small units. As a
result, subsequent random access in units of words ‘to the
buffer memory becomes péssible. At the same time, the
wait time due to disk access is eliminated, thereby
improving the rewrite processing rate.

As described above, the disk apparatus according
to the ninth embodiment permits the external equipment to
randomly access . .directly to the segments of the buffer RAM
of the disk apparatus in the access unit set as above. As
a result, the disk apparatus according to the ninth
ermbodiment can improve the random access efficiency.

According to the ninth embodiment, the segment



‘Now, explanation will be made about a di sk apparatus according to a tenth
enbodi nent of the present invention. The configuration of the disk

. apparatus according to the tenth enbodinment is substantially simlar to
“that of the disk apparatuses shown in FIGs. 26 and 27 except for the
segnent setting register of the buffer control circuit 53. FIG 38 is a

di agram showi ng t he correspondence between the segnent setting register 61b
of the buffer control circuit 53, the 3¥%ﬂﬁntation of the buffer RAM 43 and
each area on the disk 41. As shown in FIG 38, the segnent setting register
61b has set ith@edi Pw fbeaSegyentygetting sogmend.st The zegpediéngrhe segment
size, the disk start address, the disk area size and the access unit.
Accor di ng t FePFORUSFdNng, APPAraFugnaFFoRAing thRether PERSRAN 4BvestieBponds to
area 1 on the disk 41, segnent #2 corresponds to area 2 on the disk 2, and
segnent #K cﬁ“ﬁ@?ﬁbn&?“t&*aPE&?K*dﬁ“FhéadF?Efiﬁ?rﬁﬁsb? puchsapBaansFe to
set the access  unit A rqvidin it of data transfer fromthe external
equi prent , }iﬁ‘[ %@%B’%&% %ﬁt&f% w3';"?1 %‘i’pﬁ‘ 3Fgfn§5§i ﬁ&tgéf‘g F‘HFSIS‘FEf‘PB‘m t e

di sk appar at b rged . e Lt The access
uni t ACKi:s%§%§§$%dh%g%?%§%hn §g 8%?§5§%§o§§a¥§%m8§ggfEggﬁéﬁﬁﬁﬁre t han

gééman . #ioi%:‘gi' 6%%5}:{‘2?% LadRlentoBS BELALHINg tRE BEGRERtUBLLLiRE the
information included in the write data/read data.

The segment setting register according to the
ninth embodiment is so configured as to set neither the
disk transfer block size nor the host transfer block size.
The recording-reproducing apparatus according to the
present invention, however, can alternatively be
configured in such a manner that such set values are added
to the above-mentioned set values.

According| to the ninth embodiment, each segment
is set by executinglthe segment setting command by
segment. The recording-reproducing apparatus according to
the present invention, however, can alternatively be
configured in such a manner as to include a segment
setting command for setting all the segments collectively.

- According to the ninth embodiment, the
identification information of each command is set as in
.the parameters of each command. The recording-reproducing
apparatus according to the present invention, however, can
alternatively be coqfigured to provide a dedicated

|
identification infonation setting command executed bafore



Expl anation wi |l be nade about the operation of processing the commands for
‘the di sk apparatus according to the tenth enbodi nent. [Segnent setting
.command] Paraneters of the segnent setting command include the segnent
nunber, the access type, the dIPk start address, the disk area size, the
‘access unit and the segnent size. Assunme that a segment nunber Kis
designated. The disk start address and the disk area size designate the
‘range of the areas on the disk 41 in umi08-of sectors, and this range of
;areas is associated with the segnment #K. [Wite comand] Paraneters of the

lwrite commanghé netigie ddindribNidifte didn@@n@lnber, the wite address and the
‘wite size. The identification nunber corresponds to the segment nunber set

by the segnent setting<<Embodimerfsslow that the identification nunber is K
:The wite address and the wite size are set in the access unit set by the
segnent setting comuarieow Thexmkanat i veisksl it anande tabalesta mdiskon addr ess
wWth a area start address of zero in the above-nentioned access unit within
‘the area K APRIRARHS|IBCAgRsing fid @attemthoenbogimentc ofhdhe premsente
external equipment to the CPU 42, the CPU 42 executes the host transfer
fromthe extiVRItIQR: FhghCanfigwrafdoneof Ake Aisih@ppagREusPy 42

‘calculates a wite destination
' according to the tenth embodiment is substantially similaz

to that of the disk apparatuses shown in FIGs. 26 and 27
except for the segment sett;ng register of the buffer
control circuit 53. L .

FIG. 38 i' a diagram showing the correspondence
between the segment.setting register 61lb of the buffer
control circuit 53, the segmentation of the buffer RAM 43
and each area on the disk 41.

' As shown in FIG. 38, the segment setting
register 61b has set therein the access type, the segment
start eddress, the segment size, the disk start address,
the disk area size and the access unit. According to each
set value, segment #1 of the buffer RAM 43 corresponds to
area 1 on the disk 41, segment #2 corresponds to area 2 on
the disk 2, and seg:ent #K corresponds to area K on the
disk 41. Also, it is possible to set the access unit ACK
providing a unit of data transfer from the external
equipment, and the operation of writing or reading date
into or from the disk apparatus ean be performed in the
access unit ACK thus set. The access unit ACK is given in

bytes and selected: from a-power of 2 not more than 512.

R I L T L F S R



address (DA + DW on the disk 41 fromthe wite address DWand the start
address DA of the area K on the disk 41 set by the segnent setting
regi ster. Then, the-CPU 42 executes the disk transfer for transferring
data to the disk 41. [ Read command] Paraneters of the read command incl ude
the identification nunber, the read address and the read size. The read
address and the read size are set in the access unit set by the segnent
setting command. The read address is &108ad destinati on address expressed
in the above-nentioned access unit within the area K on the disk, and the
area start 2addtbescase assderdeonsiderstion Uptie apgtesatunit ofor €iead
command from the external equipnent thereto, the CPU 42 cal cul ates the read.
desti nat i onseguents#K Dis +28R)bytes he disk 41 fromthe read address DR and
the start address DA on the disk 41 set by the segnent setting register,
and executes the di skERpiapesionovilladbefmwadengbout theacpevatiom disk 41
to the segnent #K. Further, the CPU 42 executes the host transfer fromthe
segment #K PEOERSSERF cth| cemmapie for /Ahel«disk meparates agroxddng nal
equi pnent can set the access_upits for access to different
recor di ng- r E3r SR cFRRER remROMMeMe di sk for each segnent by the segnent
setting co nd in_the _djsk apparatus. The external equi pnment can al so
i ssue a wri teeSBRRRATE LY %?r%éﬁh?ﬂ#i&nmlfor a segment designated by the
' Parameters of the segment setting command

include the segment number,'the access type, the disk

start address, the disk area size, the access unit and the

segment size. Assume that a segment number K is

designated. The disk start address and the disk area size

designate the range of the areas on the digk 41 in units

of sectors, and this range of areas is asscciated with the

segment #K. '

[Write command] i-

Parametar? of the write command include the -

identification number, the write address and the write

size. The identification number corresponds to the

ségment number set by the segment setting command. Assume

that the identification number is K. The write address

and the write size are set in the access unit set by the

segment setting command. The write address is a write

destination address'with a area start address of zeroc in

the above—mentioned access unit within the area K on the

disk.

Upon application of a write command from the



i dentification nunber, and can thus record or reproduce data in different
areas on the disk by different access units. As described above, the disk
apparatus according to the tenth enbodi nent, different

recordi ng-reproduci ng areas are set for different segnents based on the
setting information supplied ffromthe external equipnent. In this way, the
recordi ng-reproduci ng areas and the segnments can establish a one-to-one
correspondence, thus easily guaranteei-3d®he identity between the data in
each segnent and the data on the disk. The aeccess unit providing the size
of the dat aestexsdlrequipmemeecto tthe CREr4d thpiPEn2 axbdmglitte

appar atus can-be set individually,-and therefore can be set according to
the type ofhost thansfer hEromctheleskternal beguigmerd coal. tHé eseymesrent
setting regi ster according to the tenth enbodi nment is configured in a way -
not to set #Ne Buxkher antherChY obk caleulntesca hosite rdestimatianck size.
The recordi ng-reproducin agparatus according to the present invention,

however, cafddress ntRA v heorothe qlikalt 4% e szl \addrass Wbt her
ot b SEOEEARE Mt A AR Al )
an ol t orndErEn HESRER HEH RS et a e o dnen oo PR T OO

executes the disk transfer for transferring data to the

disk 41.

[Read command]

Parameter% of the read command include the

identification numbér, the read address and the read size.

The read address ané the :ead size are set in the access

unit set by the segment setting command. The read address

igs a read destination address expressed in the

above-mentioned access unit within the area X on the disk,

and the aréaﬁstért address is assumed to be zero.

Upon application of a read command from the

external equipment thereto, the CPU 42 calculates the read

destination address (DA + DR) on the disk 41 from the read

address DR and the start address DA on the disk 41 set by.

the segment settingiregister, and executes the disk

transfer for transf?rring the data from the disk 41 to the

segment #K. Furtheé, the CPU 42 executes the host

transfer from the segment #K to the external équipment.

As described above, the external equipment can

get the access units for access to different



dedi cated identification informati on setting conmand executed before the
‘wite.command/read command is issued. According to the tenth enbodi ment,
"each segnment is set by executing the segnent setting command. The

recordi ng-reproduci ng apparatus according to the present invention,
however, can alternatively be configured in such a manner as to provide a
segnent setting command for setting all the segnents collectively.
According to the tenth enbodi nent, a sebb®nt is set by the segnent setting
command. The recordi ng-reproduci ng apparatus according to the present

i nvention, Ressrsing-mepsioducing erkepsbencahbi diskd for each seamaner that
the segnent setting information is added to the wite data and transferred
to the disk harprté\eats@gmenm Settingucompiandcis the dégkeappasehtiusy The
information included in the wite data/read data thereby to set a segnent.
Al t hough ttu?ﬁﬁ%ﬁﬁé%:eﬂH&@HFPGncﬁ&saEEQni§é§§rﬁb@dltﬁ commendf orhe presently
preferred enbodj nents IS to be understood that such disclosure is not

to be interp EOQEaP#WFFFnS SgareBtsderierateéntyathe modi fi cati ons
b ebent | wareREIERRaBR Slhpk?, B3 oN, LGS, FackE VSELFESFSEQEQ e
Cover i ngal B Ué?aé%%%?%% ' Rhrb Sa; AR Cd 8N b dRreRraRtnatERes pi v i
and- scope ohngQ% I nvention. -

As described above, the disk apparatus according
to the tenth embodiment, different recording-reproducing
areas are set for different segments based on the setting
information supplied from the external equipment. In this
way, the recording-reproducing areas and the segments can
establish a one-to-one correspondence, thus.eesily
guaranteeing the identity between the data in each segment

and the data on the disk.

transferred between|the external equipment and the disk

TheeccesT unit providing the size of the data
apparatus can be met individually, and therefore can be
set eccordieg to the type of the data to be recorded or to
be reproduced.

The segment setting register according to the
tenth embodimen# is configured in a way not to set the
disk transfer block size or the host transfer block size.
The recording-reproducing apparatus according to the

present invention, however, can alternatively be

configured to add these set values to other set values.

i



What is clainmed is: 1. A recording-reproduci ng apparatus conpri sing:
I nput neans for inputting an input/output execution tine prediction request
froman external equiprment; and judgi ng nmeans for predicting the execution
time of the input/output request in response to said input/output execution,.
time prediction request. 2. i A recordi ng-reproduci ng appar at us
conprising: judging nmeans for predicting the execution tine of an

i nput/out put request froman external <kt@pnment and judgi ng whet her said

I nput/ out put request can be executed within a tine limt set by said

ext ernal equi pnent i n Aqsguhisy tte Shied temilt eobodimendqudde from said
external equi prment; and input/output request processing nmeans for executing
sai d i nput/ ddeprificardion information aliceschbacdmpnandi hig sefininj thges t hat
said request is executable and for termnating the process in the case
where sai d paggmefersans paghescmpandsai Theegeeordinansepsaduaingl e, said

i nput / out put request -processing nmeans giving a response to said external
equi pnent | FPREESYEnaECRTARngh&or Ebe| Feprhsambofingafenhowgver, can A
recor di ng-reproducin ratus according to claiml or 2, further
conprising & t@ﬁﬁ@ﬁ&g?igg r FORELgUFedqini SHEhe2| RABRAT pAS 5P| E9toR

segment s ac%ga Eg%ed identification information setting command

executed before the write command/read command is issued.
According to the tenth embodiment, each segment

is set by executiﬁg the segment setting command. The

recording-reproducipg apparatus according to the present

invention, however,lcan alternatively be configured in

such 2 manner as to provide a segment setting command for
setting all the segments collectively.

According to the tenth embodiment, a segment is
set by the segment setting command. The
recording-reproducing apparatus according to the present:
invention, however, can alternatively be configured in
such a manner that the segment setting information ié
added to the write data and transferred to the disk
apparatus, which in turn detects the segment setting
information include@ in the write data/read data thereby
tc set a segment. ! |

Although &he present invention has been
described in terms of the presently preferred embodiments,
it is to be understood that such disclosure is not to be

interpreted as limiting. Various alterations and



-115- to the type of an input/output request, wherein said judging neans
predicts the execution tine of an input/output request on the basis of the
result of prediction of the access tine and the recordi ng-reproducing tine
for a recording mediumand the prevailing operating situation of a
correspondi ng segnent in response to said input/output request fromsaid
external equi pnent. 4. A recordi ng-reproduci ng apparatus conpri sing:
judgi ng means for giving a response, t-q1&®% i nput/output data transfer
anount request from an external equi prment by neans of a data size that can
be input or medLBYEatibhkNwalli AB dbibt Bsdomw éﬁ;{:ﬁ:@ﬁf’& Sk AtpGLR!i prent . 5.

A recordi ng-reproduci ng apparatus according to claim4, further conprising
a tenporaryskREID&d ShrehetaftVvisi dhich NEKe prdsemt | ivaitsggnent s according
to the type of an input/output request, wherein said judging neans predicts
a data sizepebaainap aftenphavimg otépdtthe tdbeves adisdidsute it by nmeans of
the result of prediction of the access tine and the recordi ng-reproduci ng
time for a Recordinglyeditinianintémded cthat i the qupended) cldimt imn of a
correspondi ng segnent in response to said input/output request froman

ext ernal eqifpRERTeted as covening alliskterstinnsiang syditieatixnording

to claim4, further co risH1Late orary nenory circuit
as fall within theglrue epirit ‘and Scope of the invention.



-116- divisible into a plurality of segnents according to the type of an
i nput/out put request, wherein said judging nmeans notifies an available

" segnent size as a witable data size in response to-a-wite-sizeteqguest

fromsaid external equipnent. 7. An i nput/ out. d for.
a recordi ng-reproduci ng apparatus conprising notifi cwmmmr& “@“ “
notifying the anount of data that can be transferred and

froman external equiprment in fesponse-lldt-a data transfer anount request
fromsaid external equipnment, gonprising the step of: selecting a nethod of
dat a transfwhatteiseechaimed é¢xternal equi pnent and said

recordi ng-reproduci ng apparatus in accordance with said data anount that
can be trandferred. 8A recordiAg-repubfucipgt apparatusnebhpdiadagrdi ng to
claim7 for a recording-reproduci ng apparatus conprising a tenporary nenory
circuit for tenporari ApPYtomRARSdEPT Anpubdingi ant LORLUFEAHEPHSr notifying
the data anount that can be transferred between said external equipnment and
sai d t enpor BXSCHEABRY tiMRCBredicEhon | SeHe s hefEPB AN oPXtRENALL | ng t he
nunber of data bl ocks that can be transferred continuously on the basis of
sai d data afBuHhP™eR%f B88H be transferred continuously; and controllig the

data input/output to and from said Lecordiagégepgog giggegagggat%i.
: in n time

Judging means for pre
of the input/output request in response tc said
input/output execution time prediction request.
2. A recording-reproducing apparatus comprising:

judging means for predicting the execution time
of an input/cutput request from an external equipment and
judging wha_ﬁhsr said input/output request can be executed
within a time limit' set by said external equipment in
response to said input/output reguest from said external
equipment; and

input/output request processing means for
executing said input/output request in the case where said
judging means judges that said request is executable and
for terminating the process in the case where said judging
means judges that said request is not executable, said
input/output request processing means giving a response to
said exteinal equipment in accordance with the result of
said judgement.
3. A recordi’g-raprngcing apparatus according to
c}a;m ior 2, further qoyp;iging a temporary memory

circuit divisible into a plurality of segments according



-117- 9. An i nput/output control nethod for the

recor di ng-reproduci ng apparatus according to claim7, conprising the steps
of : reading periodically the data anmount that can

continuously; segnenting the data bl ocks to be trmﬂm mm,ml,ﬁ"jm,ansfer
data bl ocks having not nore than said data anount that clan %estransferred
continuously; and controlling the input_and output of said segnented
transfer data bl ocks. 10. A recoraiﬁg repr oduci ng appar at us
conprising: at orary nenory circuit divisible into a plurality of
segnent s acd® cﬁ{% s 18 t%e"-ﬂﬂ“"‘e(ﬂ‘-ﬁm reguest,r shexein &ad.dreread
means for reading data froma designated of a recording nmediumand storing
t he data onIJ}‘qgrﬁﬂ)r"!ﬂqrﬁ/ RGedl Qﬁﬁ%@sﬁp@?ﬁ%@@g FMe ofh@fein the size of a
correspondi ng avaj |l abl e segnent size is _given as a data size that can be
preread in ngbfr@*‘ip&ta%%% oo bagds °faﬁ’ﬂ‘at Fesylteoff the data of

a segnent that been read inr sponse tg.a read size request is given
as a readamgfqé%é} 8 access, dné:hre'eproducmg appar at us

conpri si ng: cj rGquit abl e torln data tenporarily;
managenent in Dﬁ%ﬁtlon ﬁgﬁgﬁ&yﬁﬁbﬁngbFPEpngﬁ ding medium and” the

prevalling operating situation of a corresponding segment

in response to said'input/output request from said
external equipment. -
4. ' A recording-reproducing apparatus comprising:
judging means for giving a response to an
input/output data transfer amount request from an externsl
eguipment by mesns o§ a'data size that can be input or
output within a time limit set by said external equipment.
5. A recording-reproducing apparatus according to
claim 4, further comprising a temporary memory Circuit
divisible into a plurality of segments according to the
type of an input/output request, wherein said judging
means predicts a daja size that can be input or output
within said'time liiit by means of the result of
prediction of the access time and the
recording-reproducing time for a recording medium and the
prevalling operating situation of a corresponding segment
in response to said input/output request from an éxternai
equipment.
6. A recording-reproducing apparatus according to

claim 4, further comprising a temporary memory circuit



-118- the file managenent information corresponding to the data recorded in
a recording nedium and a control circuit for reproducing said managenent
information in response to an autonatic preread request from an external

equi prent, determining a position on said recordi %ngmm,t" 1 JMHMFI ng a
data block to be transferred to said external equi prigdt ) ng
said data block. 12. . .. A recording-reproducing apparatus according to
claim 11, wherein said managenent inforgagon nmenory neans stores at | east
a data bl ock nunber and the recording position information of the data
correspondi ngivisisid¢l iinta H ghlecdlitielor Fudmenistigdcdd ngOHd @heCi M Cui t
recei ves a data bl ock nunber fromthe external equipnment at the tine of
automati c preymacf emiexipit mothe: edquesd, adidneinnisaiddudyieRts the
recording position information corresponding to said data bl ock nunber from
anong t he fineanmmasihibies iad avatliable Eegment siker asordiwrg-tadleoduci ng
apparatus conprising: a tenporary nmenory circuit for storing data

t enpor ari | y;dak®igdzs ieAesEense i aniitey siizre asguesdpEadac said om a

recording nmediumto said tenporary nmenory circuit; and
external equipment.

7. An input/ocutput control method for a
récording-reproducing apparatus comprising notification
means for notifying'the‘amount of data that can be
transferred continucusly to and from an external equipﬁent
in response to a data transfer amount request from said
external équipment, comprising the step of:

selecting a method of data transfer between said
external equipment and said recording-reproducing
apparatus in accorxdance with said data amount that can be
transferred.
8. An input/output control method according to
claim 7 for a recording-reproducing apparatus comprising a
temporary memory circuit for temporarily storing data and
notification means for notifying the data amount that can
be transferred between said external equipment and said
temporary memory circuit, comprising the steps of:

selecting the number of data blocks that can be
transferred continuously on the basis of said data amount
that can be transferred continuously; and

controlling the data input/cutput to and from

said recording-reproducing apparatus.



-119 - a control circuit for discrimnating the type of an input/output
request fromthe external equipnment, and selecting and executing a prefetch
met hod corresponding to the type of said input/output request from anong a
plurality of prefetch nmethods having sel ected one of”mnlmnﬂ“l“ﬂﬂt mount s
to be prefetched and different tinme | engths required I ng
process. 14. A recording-reproducing appar at us tonpritsi Mg: *a *
tenporary nenory circuit for storing datd Cenporarily; preread neans for

reproducing a data block froma recordi ng nmedium and transferring said data
bl ock to sai3-tenpor ar PErERABRY/ERFRYF (coRFRh BeReed| foF (8@t for recei ving

an input/output request with an identifier attached thereto fr sai d
Faf o

external equF PRBRT G TF RRFRALFIRE ARPATIHT SAFTHFARE &8 FXBErral

[ t dat a_bl be, t dt id t | [ t, f
orong o pi ur SoMBELPRG Fhe SFreR€ BE LT L0 [ Socor Gance i thosard O
identifier. 15. dj [ | Si ng.
laentitrer égéﬁggﬁsfgg%%gfégggf'Pﬂeaagééaéﬂguﬁ ”Pﬂéf'?g%lge

tenporary nenory circui ténporartly, and a con

circuit for §£9£;gg¥£gg dahes At @ d external equipment in response to a
t

wite data reques romsal d external equipnent, discrimnating the type of

said wite data requeshegRBftEalCthd Batden IgtRs O tPansferred

into transfer data blocks having not more than said data

amount that can be Fransferred continuously; and
controllihg the input and output of said

segmented transfer data blocks.

10. A recording-reproducing apparatus comprising:

a teﬁporary memory circuit divisible into a
plurality_gf segments according to the type of an
input/output request: énd

| preread means for reading data from a designated -
of a recording medium and storing the data only
temporarily in a corresponding segment:;

wherein the size of a corresponding available
segment size is given as a data size that can be preread
in response to a preread size reguest, and the size of the
data of a segment that has been preread in response to a
read size request is given as a readable data size.

11. " A recording-reproducing apparatus COmprising:

a temporary memory circuit capable of storing

data temporarily;

management information memory means for storing



-120- be recorded continuously in a recording nediumin accordance with the
.type thus discrimnated. 16. A recordi ng-r eproeducing dppara[US

conprising: a tenporary menory circuit for storing

accunul ati on neans for accunul ating read data reque ﬂm nﬂ ﬂﬂl ﬂ"nal
equi pnrent; and a control circuit for discrimnating ype © read data
request from said external equipnent, selecting and accunulatlng t he nunber
of read data requests to be accunulatedllg_accordance with the type

di scrim nated, and contlnuously reproducing the data fromsaid recording

medi um in &S0 d Gnd éﬂéﬂgniﬁ¥6¥$ e%&ut% onding R the data
recording- repro ucing apparat us, conpr|3|ng a tenporary-nenory cifcui t for
storing dat aré&;m@ru{% ,p% ngnfd)r accurul ati ng i nput/ out put
‘requests froman external EQUIan a control circuit for

discrimnating the typg @cfmti"@l!lé‘i)ﬂ&dwtf&ﬁ FeprERiGimy @Hnd at ed, and
sel ecting and executing an input/output request of the type to be processed

in priority minsfsmroanaetorndtidie ireRispongd itee dve kutenatdendrdread
calcul ated based on a limt tine in the case where said input/output
request has méddquesheEddwrat cexterhal reguipment, determining a position
on said recordin§ medium éor recording a data block to'be
tfansferred to said external equipment, and prereading
said data block.
12. A recording-reproducing apparatus according to
claim i1,
wherein said management information memory means
stores at least a data block number and the recording
position informatioé_of the data corresponding to said
data block number, ?nd
wherein:s;id control circuit-receivés:a data
"block number f£rom the external equipment at the time of
automatic preread regquest from the external equipment, and

sélects the recording position information corresponding
to said data block number from among the file management
information. |
13. A fecording-raproducing apparatus comprising:
a temporary memory circuit for storing data
temporarily;
prefetch Teans for fransferring the data
reproduced from a r?cording medium to said temporary

{
memory circuit; and



18. A recordi ng-reproduci ng apparatus according to claim17, further

~conprising: detection nmeans for detecting a continuously storable data—

~amount in said tenporary nenory circuit fromsaid ex”erl BT s a
-data anmount that can transferred: and a control circui umjmﬁm{" Fas a
irequest to be executed an input/output request with a i rfi mim Fentii M ng

tine before a predetern ned deadline cal cul ated based on a tinme limt from

anong the input/output requests with a.jjge linmt accumulated in
accurrul ati on neans, and extending said tinme limt of said request to be

executed in accordances WebheRoPOSsi&l e dﬂ@y#g%nm{&gﬁp\%é ntﬁfé:q;fjance

with said data amount that can be transferre

recor di ng- r et oGUGI FYHARRAE Atdifudt Erch He 2ARIRR 1A DGUIRMRNE, Clangui t for

'storing data tenporarily; and a control circuit including neans for
raccumul at i n%éﬁé&i?@d@@i&&uﬁi&@%b’iﬁem nie¥hod lcdrdigpdhdipg ome
e

.remai ni ng before a

adline based on atine limt of the accunul ated

i nput/ out puttheatiged f nEid fnputyautpiutn gegruestp fivonutsmeng equest wWith a
‘mnimum remaining time anong said accunul at ed i nput/out put requests, and
‘means for exsleraligyofl prefatchmeathadsghestingn selleatsde ongecd sai d
.mnimumremaining tine is smaller than a predeterm ned val ue and for
‘executing i different data amounts to be prefetched and different time

léﬁgths required fo: thé prefetching process.
14. A recordiig-reproducing apparatus comprising:

a temporaLy memory circuit for storing data
temporarily; |

preread means for reproducing =2 data block from
a recording medium and transferring said data block to
sald temporary memory circuit; and

a control circuij: for recaivil_dg an input/output
request with an identifier attached thereto from said
'exﬁernaljequipment and selecting and transferring to said
external equipment a data block to be transferred to said
external equipment, from among a plurality of data blocks
preread in accordan%e with said identifier.
15. a recordifg-reproducing apparatus comprising:

a temporary memory circuit for storing data
temporarily; and |

a control circuit for storing the data from said
external equipment in response to a write data request
frém said external equipment, discriminating the type of

said write data request, and selecting the data amount to



-122- selected order the accunul ated input/output requests in accordance

met. 20. A recordi ng-reproduci ng appar at us conp

menory circuit divisible into a plurality of segnents

circuit control neans for selecting said segnents based on the
identification information for a wite-L2Quest from an external equi pnent,
tenporarily storing in said segnents the data input from said externa

equi pment | rbe aretctieat tohtsionily dird 20 gntirdding midiutatin as a wite
data; and wite neans for witing said wite data in a recordi ng nedi um
21. A aceordinge reijrtodue iy pep vt Sl soomipvdinaitegt. a t enporary nenory
circuit divisible into a pluraljity of segnents; read nmeans for reading data-
froma recordng nedi U refRrdrgrorepIcneiny apDaxATUS FAMRFiSARGS f Or
.selecting said segnents based n the identjification information of a read
‘request from an ext er rial T¥ERR tmemQIHh FEFFHLt foF i SePTRg Akl read from-
. said recordlng nedlun1|n sai d selected segnent, and outputting said data to

'sai d ext er nafSRRRR

i nput /out put requests in case where the above rrentlone ﬁgﬂﬂ'l not

accumulation means for accumulating read data
requests from an extezrnal equipment; and

.@ control circuit for discriminating the type of
a read data request from said external egquipment,
selecting and accﬁmulating the number of read data
requests to be accumulated in accordance with the type
diseriminated, and contipuously reproducing the data from

said recording medium in response to the accumulated

request. |

17. A recordigg-reproducing apparatus comprising:
a tempora}y memory circuit for storing data

temporarily’

accunulation means for accumulating input/output
requests from an external equipment; and

a control circuit for discriminating the type of
the input/output reéuests accumulated, and selecting and
executing an input/output request of the type to be
processed in priority in accordance with the remaining
time before a dead line calculated based on a limit time
'in the case where said input/output request has attached

thereto said time limit.



-123- 22. A recordi ng-reproduci ng apparatus conprising: a tenporary
menory circuit divisible into a plurality of segnents; segnment setting
nmeans for setting at | east selected one of a segnea%—s%z@f???ﬁﬁTﬁﬁr?ﬁ

-transferring data froman exterinal equi pnment and a “Erring
‘'Wwite data to a recordi ng nedi um based on the settﬂi“‘ﬂ“\mmm“m uppl i ed
.fromsaid external equipnent; and tenporary nenory Cul tv cont fol * neans -

. for selecting said segment based on thel2Bentification information of a

‘write request fromsaid external equipnment, tenporarily storing the data

Jinput from 9@.d ext er ralreprdirmyréprohicd riy |appiayh tueg ramdor iy oid put ti ng
'said data as a wite data; and wite nmeans for witing said wite data into

.sai d recordiglaimdizymiuzther compiisdagr:di ng-reproduci ng appar at us
cconprising: a tenporary nenory circuit divisible into a plurality of
segnent s; read neans fdeteaticimgrains fomMdetacttiogianFontiinuqusdatnent
setting nmeans for setting at |east selected one of a segnment size, a nethod
of transfer itaFaiden dadad amopnts dind seddoteMpeTREY OeMeFY SiFeuHdd faem

transferring data to said external equipnment for each
gald external equipment as a data amount that can

transferred; and

a cqntrol circuit for selecting as a request to
be executed an input/oqtput-request with a minimum
remaining time befo%a a predétermined deadline calculated
based on a timé.limit froﬁ'among the input/output requests
with a time limit accumulated in accumulation means, and
extending said time limit of said request to be executed
in accordance with a possible delay time calculated in
accordance with said data amount that can be transferred.
19. A recording-reproducing apparatus comprising: -

a temporary memory circuit for storing data
teﬁporarily; and .

a éontrol circuif including means for
accumulating said-input/dutﬁut tequests, means for
calculating the tim% remaining before a deadline based on
a time limit of the {accumulated input/output requests,.
means for selecting;an input/output request with a minimum
remaining time among said accumulated input/output
requests, and means for executing said input/output

o request in the case where said minimum remaining time is

smidller than a predetermined value and for executing in a

R



-124- segnent based on the setting information supplied from said external
equi pnent; and tenporary nenory circuit control neans—incliuding means for
sel ecting said segnment based on the identification inf ' f ead
request from said external equipnment, neans for terrpa(riﬂ"mwn“yr"i‘lunm sai d
sel ected segnent the data read fromsaid recording nmeci um baseel on sal d set
met hod of transfer, and neans for outputting said data to said external

equi pnent. 24. A recordi ng-reproediRRBrRg apparatus according to claim
22, wherein said segnent setting neans sets at |east selected one of the
condi tion fosebdctdd nopddoprheaddiamilaited riAgaitfodipull dduassad dext ernal-
equi pnent and the condition for starting/stopping the transfer of read data
from sai d r eaccalrdaneediifh f the ecadorsHone Modissieoh af tthe sidda ng
information from said external equipnment. 25. A recordi ng-reproduci ng
appar at us aceRTRSRPAILRY st Bch \M‘érﬂﬁw dapntyephawt eeques;tsdans sets at
| east sel ected one of the condition for starting/stopping the data transfer
to or from sEA%R e Fhe APPrRMentlionas: iconddkiansh iFe metcAediti on for
starting/stopping the transfer of wité data to said recordi ng nedi um based
on the settiﬁg-inforna%i6ﬁ°??6ﬁ$§?ﬁ%9%9§%ﬁ#ﬁﬂ RRRATABHE .Comprising: A

recor di ng-r eproduci ng apgaratus according to claim?22, wherein said segnent
u

setting neans is confid SUPPFALY, MRBPTH e CUkt (BLEF1RIR IRtR 3 of
priority of éfﬁ}ality of segments;

temporary memory circuit control means for
selecting said segments based on the identification
information for a write request from an external
equipment, temporarily storing in said segments the data
input from said external equipment in said selected
segment, and outputting said data as a write data; and
write means for writing said write data in a
récording medium. {
21. a recording-reproducing apparatus comprising:
a temporary memory circuit divisible into a
plurality of segments; '
read means for reading data from a recording
medium; and
temporary memoxry circuit control means for
selecting said segments based on the identification
information of a read request from an external equipment,
'temporarily storing the data read from said recording
medium in said selected segment, and outputting said data

to said external eguipment.

t



-125- read data transfer fromsaid recording nediumfor each segnent based
on the setting information supplied fromthe extennal equip ; :

‘A recordi ng-reproduci ng apparatus according to claiﬂ' | i d
'segnent setting nmeans is configyred in such a manne m”"mn erder of
priority of the wite data transfer to said recordiny rfeditunwi os h
'segnent based on the setting informati on supplied fromthe external :

equi pnent. 28. A recordi ng-reprodygigag apparatus according to claim
22, wherein s id segnent setting neans is configured in such a manner as to

set at | eastagel ected An@apbraiaglRERtodlidtng2uliBhlat,g chhgpsbensing data

fromthe external equipnent for segnent “and" a net ho transferring

data to said recordinganeghggkggg:ﬂgﬁgrgegggg&ihba§@gsgg%%hgnggtg Zransfer

rate information supplied fromsaid external equipnent.

recordi ng-r epLQeati vy SPPséghestaccording to claim 23, wherein said segnment
setting neans is configured in such a manner as to set at |east selected

one of a segment size, segmehikogdettihganabfsr £68 deteihgoatsaedstecordi ng
medi um for each segnment and a nmethod of transferring data to said externa
equi pnrent fosebechedcomendf dHasegmamt tdizelata methosd eof retans fdxrind i on
from sai d external equipnent. 30. . A recordi ng-reproduci ng appar at us
‘accordi ng todata from an external equipment and a method of
| tfansferring write data to a recording medium, based on
the setting information supplied from said external
equipment; and

temporary;memory circuit control means for
selecting said segmént based on the identification
information of a write request from salid external
equipment, tempcraiily storing the data input from said
external equipment in said selected segment, and
ocutputting said data as a write data; and

write means for writing said write data into
said recording medium.
23. A recording-reproducing apparatus comprising:

a temporary memory circuit divisible into a
plurality of segments:

read maanL for reading data from a recording
medium; !

segment setting means for setting at least
selected one of a segment size, a method of transferring

data read from said recording medium and a method of

transferring data to éaid external equipment for each



-126- claim?22, wherein said segnent setting neans is configured in such a
_manner as to set an access unit constituting a unit of data transferfrom

sai d external equipnent for each segnment, based on: the setting jnf tion
suppl i ed fromsaid external equipnent. 31.- A ﬁltm ul‘H ﬂﬁh jB“Fing
~apparatus according to claim23, wherein said segnent? g 'S

~configured in such a nmanner as to set an_access unit constituting a unit of
data transfer to said external equipneﬁ?zﬁbr each segnent, based on the
setting information supplied fromsaid external equipnent. 32. A
recor di ng- r 3RARRRT Rpghomtthe ERFRING dpformadhnsy SUPRMRS FIOM cui t
divisible into a plurality of segnents;_ access unit setting neans for
setting an Rdkd SXFRENaL RIVIRAIHY 2hit of data transfer to or from an

external equi pnent for_each segnment, basgd on the setding .information
suppl i ed from said ext EPPRPTRERi PAROTY THrpht ripqﬁﬁﬁ#)F%%?%nﬁ?égkﬁﬁQQM

wr e r e bt o MR o dE Heibry RS e B T T i 1 ng

_ or-a read T extern equi prent and writing
or 1eadi ng_ A g d (¥ Qs I O AR SRE Foi!  SUIRN rd UMM ke dnd el access
unit fromsard ex

ernal equi pnent; and wite/read neans for witing or

reading dat gl il dPipiéit, Shdditd ¥ors WPdrarily storing in said

sélected segment the data read from said recording medium

based on said set method of transfer, and means for
outputting said data to said external equipment.

24. A recording-reprcducing apparatus according to
claim 22, wherein said segment setting means sets at least
selected one of the condition for starting/stopping the
data transfer to or from said external equipment and the
condition for starting/stopping the transfer of read data
from said recording medium for each segment based on the
setting informatféﬁ!frém*said external 'equipment.

25. A recording-féprbducing'appﬁratus according to
claim 23, wherein said segment setting means séts at least
selected one of the condition for starting/stopping the
data transfer to or from said external equipment for each
éegment and the condition for starting/stopping the
transfer of write data to said reéording medium based on
the setting information from said external equipment.

26. A recording-reproducing apparatus according to
.c;aim 22, whgrgigﬂgg;¢r§§g$$ppﬁqgt;;gg,maags'is'gonfigured

in such a mapner as_to get the order of priority of the



-127- 33. A recordi ng-reproduci ng apparatus conprising: a tenporary
menory circuit divisible into a plurality of segnents;

recordi ng-reproduci ng area setting neans for settin

recordi ng-reproducing area of a recording nedi um: f*ﬂl“ﬂ"““ﬂmﬂl“l“lased on
"the setting information suppli d from an external. egul prent;ntenporary
~menory circuit control neans f selecté g said segnent based on the
‘identification informtion of wite T g est or a read request fromsaid
external equipnent, and te rarlly storing in said sel ected se nment the
wite data igead datamtEans sadgi FRERTAdng, feddum F9Ts £3FN
tenporarily stored data fronlsald selected segnent to sai terna

equi prent ;  BRIWMANE dased) aredhe SeTTWNS: AR %ﬁ“?ﬁlg'e% f%@f'b&h?egnent
into said set recording-re rodUC|ng area or reading data fromsaid set '
recor di ng- r EPYYRAT 'tar-n@é‘rié’gl R0 said sel ected segment.

27. A recordlng-reproduc1ng apparatus according to

claim 23, wherein said segment setting means is configured
in such a manner as to set the order of priority of the
write data transfer to said recording medium for each
segment based on the setting information supplied from the
external equipment.

28. A recordi?g-reproducing apparatus according to
claim 22, wherein séid segment setting means is configured
in such a manner aslto set at least selected one of 2
segment size, a method of transferrzng ‘data from the
external equipment for each segment and a method of
transferring data to said recording medium for each -
segment, based on the data transfer rate information
supplied from said external equipment.

29. A recording-reproducing apparatus according to
claim 23, wherein said segment setting means is configured
in such a manner as to set at least sclected one of a
segment size, a method of transferring data from said
recording medium for each segment and a method of
transferring data tl said external equipment for each
segment, based on the data transfer rate informat;on from

said externei equipment.

30. A recording-reproducing apparatus according to



[
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claim 22, wherein said segment setting means is configured
in.such a manner as to set an access unit constituting a
unit of data transfer from said external equipment for
each segment;'based.on the setting information supplied
from_said external %quipment.
3l. A recordiLg-reproducing apparatus according to
ciaim 23, wherein said_segmen: éetting means is configured
in such a manner as to set an access unit constituting a
unit of data transfer to said external egquipment for each
segment, based on the setting information supplied from
said external equipment.
32. A recording-reproducing apparatus comprising:

a temporary memory circuit divisible into a
plurality of segments;

access unit setting means for setting an access
unit constituting dlunit of data transfer to or from an
' egterqal qu;gqgntlfoé egéﬁ segmenf, based on the setting
information supéliéd'from said external equipment:;

tempoiary meméry circuit control means fox
selecting said segment based on the identification
informatioﬁ of a write reguest or a read reqdest from said
external equipment and writing or reading data into or
from said selected segment randomly in said access unit
from said external egquipment; and

write/read means for writing or reading data
"into or from said-selaétdd isegment.

B R Rl LI LRI
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33. A recordiLg-reproducing_apparatus comprising:

a temporary memory circuit divisible into a
plurality of ségments;

rgqording—reproduéing_aréé éetting means for
settihg a :ecording-reproducing area of a racording medium
for each segment based on the setting informatioﬁ supplied
from an external aquipment;

temporary memory circuit control means for
selecting said segment based on the identification
informaticon of a w;ite reguest or a read request from said
external_equipmentj and temporarily stering in said
selected segﬁent tJe write data input from said external
equipment or outputting said temporarily stored data from
gsaid selected segment to said external eguipment; and

write/read means for writing data from said
selected segment into said set recording-reproducing area

or reading data from sald set recording-reproducing area

into said selected segment.



