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RECORDING/PLAYBAC~ APPARATUS, RECORDING/PLAYBACK METHOD 

AND PRESENTATION ME:D'IUM I 

This invention relates to a recording/playback apparatus, 

a recordlng/pl.aybuck method and a presentation mediuxn. In 

p'-lr.ticular, the present invention relates to a 

recording/playback upparatus capable of recording and playing 

back data with a' high degree of efficiency by modifying the 

nutnbL:~ r of retries. 

Data recorded or played back by a hard disc drive 

(~bhreviatod heraafter to an HOD} is controlled by a file 

m~11.a9cment function of an operating system (abbreviat~d 

hc'!n=iafter to an OS) which runs on a host computer. For 

cxan~l~, the HOD is not aware of a location or ~ free area 

into which d.:1t.:a is to be recorded, so that, in a .recording 

opcr~tion, d~t~ is written into a location specified by the 

host computer. In a playbnck operation, on the other hand, 

dc1La r<!corcled on a disc is read out from a location specified 

hy the host computer. 

In the case o( such an OS as MS-DOS m and UNIX ~, a 

recording area of ~ disc is divided into data blocks or 

snctors each having a fixed sizo of 512 or 1,024 bytes during 

initialization. Data is recorded in data-block units. This 

m.etlwd i:; reff!rred lo as a fixed-size division method. 

In lhc case of the fi~cd-size division reethod, when a 

disc is initialized, a sectqr specific number, which is also 

rcf P.rred to as a sector ID, is written into the beginning of a 

sector. A :Jc:ctor ID represents a physical location on a dis·c. 

'i'ypical.ly, u sector ID comprisGs an S-bit sector number, a 16-

hiL Lrack number, an 8-bit surface number and a 16-bit error·-
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i nnpcJction CC)de which is referred t.o hereafter as a CRC 

(Cy~lic Redundancy Check) code. 

'l'he host computer controls sector ·IDs as a series of 

loqjcal block addresses (1~A5). In an operation to record 

cl;iLa, the host comput~r specifies an LBA representing a 

phy!;i<:al location on the disc .into which the data is to be 

w.rittcn. 

Fig. 10 i.s a block diagram showing a typical 

conf igurution of the related art HDD. A.ssume that MS-DOS is 

tH.icd as an OS in thin typical conf~guration. !n th~ HOD l, a 

micropr:occ.ssor \tnit (abbrcvic:ited hereafter to an MJ?U, Micro 

eroc~5Sing Unit) 11 contr6ls all functions of fhe HOD 1. A 

~H~.rvo c;i.rcu.it 12 ganerates a driving signal for controlling a 

voice coil motor (abbreviated hereil.fter to VCM) 13. The VCM 

]3 movas R rnugnctic hoad (not shown) to a pr~determined track 

position on a dj.sc 18. A buffer 16 is used for storing data 

rccnived from an external sourco and data to be supplied to an 

external de9tination. A read/write channel processing unit 17 

carrie8 out processing to generate a signal to be recorded 

onto th~ disc 18 and processing to play back a signal read out 

from the disc lB. Controlled by the MPU 11, a hard-disc 

controller (abbreviated hoce~ftec to an HDC) 15 controls 

opc:rat.ions to write and read out data into and from the buffer 

lei and exchanges data w).th the R/W channel p.r;ocessing t:.nit rJ. 
Tho MPU 11, the servo circuit 12, the HOC 15 and the R/W 

channel lH"OCP.ssing unit 17 are connected to each other by an 

MPU bus 1'1. 

ECCs {Kr.ror Correction Codes) are added to data to be 

r~lcorded onto the disc 18. When a·n ECC error is detected for 

a scGtor in an operation to play back d.ata from the sector, 

th~ MPU 11 jssues a command to repeat the operalion to read 

out data f.rom the sector. This .repeated operation is called 

as ;:1 .r0Lry. In an ordinc1ry HDD, a number of retries are 

all.owed and per.formed intornally. 
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Irt a case where d~ta can not be read out correctly from 

n sector, even if a number of allowable retries have bGen 

carrj.f!d out, the MPU 11 treats the sect.or as a defective 

sector. In a following operation to write data into a 

defective sector, the data is written int6 a sector in an 

«ltoxnate area. This is called alternative-sector processing. 

'l'he IIDD 1 is connected to the host computer 2 by a bus, 

such as an SCSI (Small Computer System Interface) bus or an 

.IDl~ (Intelligent D.riv~ 8lcctronics) bus. 

In the host computer 2, MS-DOS is used as an OS 21. A 

dUw driver. 22 j ~ a pro9ram which allows the disc 1 B to be 

accc~Rad as a block device. A logical.format program 23 is· a 

program for writing ncces~a.ry initialization information such 

as sector IDs ancl a fiJ.e management table during 

initialization o! the disc 10. Linked to the device driver 22 

and the logical format program 23, a BIOS (Basic Input Output 

SysLcm) 2~ rcndexa I/O (Input/Output) services for inputting 

nnd out.putting data f:z:ort\ and to the HOD 1. The BIOS 24. can be 

ragarrled as a colloction of routine programs dependent on 

hilrdware. 

When data having a high rate such as AV (audio/video) 

data is recorded or edited on the HOD 1 in logical block 

uniLs, the con~inuous data is scattered over the disc into 

stnc.iJ.l pieces of data. The scattering of data is known as 

f .t:i'lgmontation. . When fr<lgmonted data is read out from a disc, 

the read ope1·ation frequuntly enters a wait stu.ta due to head 

seeks nnd disk revolutions to read target positions, breaking 

~ie continuity of tho output data. 

In order to polve this problem, data is recorded not in 

logical block units, but jn cluster units each comprising 

several block units. Typically, the size of a cluster unit is 

li024 sectors. The size of u cluster unit is set at such a 

va luc thr\ l: the conLinui ty of output data in a playback 
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oporation is sustained, even jf the data recorded on the disc 

is i~agmented into cluster units. 

'!'he si.xe of a cluster is made uniform for all data types 

in ol:dcr to 1nake opcrationfi to write and read out data easy to 

control. 'fypically, the size of a cluster is set at an 

~xt:rc:Hncly small vulue which is obtained with regular. data such 

~s taxt data taken as a reference. If the size of a cluster 

is loo small, however, datn recorded on tha disc is prone to 

fragmentation described abova. If a small amount of data is 

recorded in la~ge cluster units, a~ excessively large 

recording ared will be wasted. 

'l'ha size of a cluster can also be determined from a 

simplt=i proportiomtl relation with a reference data transfer 

rnlc o~ an ~ss\mcd transf~r-channel count. In this case, 

however, the !>izc of u cluster is not optimum. In addition, 

th(~ type of data and tht'.! number of transfer channels are not 

r.cflected in an upper limit of the number of retries that can 

be carried out in the event of an error detected in a data 

~ccordtng or playback operation. As a result, the transfer 

rate is not guaranteed for <lala with ~ strict continuity 

rcqnirornont such as AV data. 

OBJgC'l'S OJ:, 'fHF. INVEN'l'ION 

lt is thus nn object of the present invention to provide 

~ ~ocording/playback apparatus and a recording/playback method 

wlrnrcj n. the number of retry operntions is determined in 

,~,!~ordancc with the size of each o.f units in which data is 

w.t:i tten cu1d/or r.ead out ~o that the data can be recorded 

and/or played back with a high degree af efficiency without 

lo$jng data continuity. 
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In order to ~ttain the above objects, according to a 

firsL aspect of the present invention, there is provided 

rccordlng/playhuck ~pparatus, a recording/playback method and 

a prescntntion Jlledium. 'l'he appartltus comprises a supplying 

device for: supplying the: continuous data at a predetermined 

transfer r~te, .a recording device having a certain seek 

performance ond recording mode far recording the continuous 

datil on t.h(? rccor.rling medium in recording unit, and a first 

gatLing device for setting the size of the reco~ding unit 

nccording to the transfer rate of the supplied continuous 

dat~. The first setting device sets the size of the recording 

unit according to the seek performance of the recording 

device. Thn roco~ding device includes a designating device for 

clcslgnating the transfer rate according to recording mode. The 

first satting device includes a device for satting thG 

rcc::or.ding unit size ac:cordtng to the recording mode. The 

apparatus further cornpri~~cw a second setting device for 

.!~cttJng the numbar of a.llowable retries according to the 

tran5fcr rat~. The apparatus further comprises a second 

setting dcvi.<:e for settl.ng the number of allowable retries 

according to the soek performc:mce. The apparatus further 

comprises a aocond setting device for setting the number of 

ullowable rot.r:i es according t.o the r.:ecording unit size. 
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BRIF.h' DESCRT l?TION OF TH~~ DRAWINGS 
-·•-•' ------ ---• .. u•~··--"""•"'•---·•·•·•----

For a more complete understanding of the invention, 

r~fe~ance is made to the following description and 

«cc:ornpiinying drnw]ngs, i.n which: 

Fig. 1 is u block <lingr~rn showing a typical configuration 

of: a host c.omputer to which the pre!ijent invention is applied; 

Fig. 2 iH a diagram showing the state of a transfer of 

AV dilt.:t !rom a HDD to a ho::;t computer; 

r·i g. 3 is a. diagruin showing a typical structure of a 

data management format of c1 recording area in the IIDD; 

Fig. 4 is a diagrum showing a layout of clusters of AV 

cfat.;1 with nizcs varying in dependence on the recording mode; 

Fig. 5 is a diagram showing relations between the 

number of <;hann.~1.s to be t r.u.nsferred and the cluster size of 

transferred d.-::ita with the number of allowable retries taken as 

ci pnrlHl\<:"!te:r; 

Fl.g. 6 is. a diagram showing relations between the 

number of chnnnels and tho required size of a buffer with the 

m.1111bcr ot cillowabla retries taken as a parameter; 

lfi g. ·1 shows a flowchart representing .. processing to 

pl-1y back data from a system-management area when a host 

computcc is nctivated; 

Fig. 8 shows a flowchart representing operations 

curried out by the hosl: computer to record AV data; 

rig. 9 show~ a flowchart representing operations 

c~-trried ouL by the host coniputer to play back AV data; and 

Fjg, 10 is a block diagram sho~ing a typical 

cbnfiguration of the ralated art recording/playback app~ratus. 
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1'ha following it; a d0talled description of embodiments of 

the present invention with r.e!crence to the drawings. Fig. 1 

ifi a block <UClgram showing a typical configuration of a host 

c.omputer 1 to which the pr.escnt invention is applied. It 

.should be noted that recorded or playback data is 'AV data 

conformj_ng lo the MPEG (Moving Picture Experts Group) system. 

1\11 MPO :n employed in the host computer 2 controls and 

coo~dinate~ all operations as well as eKecutas file management 

of \.Iser data. The MPU 31 includes an embedded RA.i."l (Random­

Acccss Memory) 40 for storjng data to be used temporarily such 

aB ~ table showing newly found defective recording areas as 

w0.l.l C\S riccessilry information on file management. On the 

otlrnr hand, Cl host RAM 32 is used for storing data such as a 

f:i.lc··managcment table including a defect list 41 used in 

d~fect proce~sing. 

A me.mor.y controller 33.controlri operations to input AV 

data from an Mf?EG encoder 35 ond output 'll.V data to an MPEG 

~ncoder 36 in order to implerne_nt simultaneous recording and 

pl«yl>ack operat.ion:;. The memory controller 33 also is 

r:::mmtJcl:ed to an A'rA (l\'l' Attnchment) I/F 38 by way of a data 

bus 3·1, for controlling interface operations to input and 

output duta f~om and to a buffer 34. 

The buf fcr 34 comprising two banks A and B is used for 

Lcmpo.r.urily storing data input and output to and from the host 

computer. ?.. For exampla, data read out from the bank A is 

stipplied to· the llDD 1, .while at the same time, data supplied 

by the MP~G encoder 35 is stored in the bank 3. As these two 

r.imultaneous operations arc completed, the HOD 1 is switched 

from the bank A to the bilnk B, consequently, the MPEG encoder 

35 is switched from the bank B to the bank A. Thus, data read 

ouL from the bank B is now supplied to the IIDD 1, while at the 
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· snm~ time, data supplied by the MPEG encoder 35 is now sto:r:ed 

in bnnk 1\. 

The MPI.-~G ennodcr 35 receives an AV signal from an 

Gxternal hoot such ns a television receiver not shown in the 

fic1u;i:e, encoding video and audio signc:i.ls individually in 

accordance with the MPEG for.mat, und then muLtiplexes the 

sl.gnr.LlS befo1:e rmpplying them to the memory controller 33. In 

the M£>£G decoder. 36, video dal:.a and audio data are separated 

from n~ch othc:c by a demultiplexer (not shown) before each is 

decoded. Thi;! MPO 31, the ho5t Rl\M ~2, the memory controller 

33 and the "ATA l/F 38 are connected to the data bus 37. 

The ATA I/F 38 serves as ~n interface between the HOD 1 

µnd the ho:::t (;omputcr 2 through the data bus 37. The 

functions of th~ HOD 1 are the same as what have been 

described ~arlier by referring to Fig. 10. 

Next, basic oporations of the host computer 2 are 

ex.plained. An AV signal rccelved from an external host not 

showr~. in the flgurc such as a television receiver is supplied 

to the MPEG encoder 35. 'l'hc Ml?EG encoder 35 encodes video and 

audio sign,\ls individually in accordance with the MPEG system, 

und tho.n mul.t ipl exos tho s l.gnals by using an incorporated 

multjple-xer. (not shown) beCore supplying them to the memory 

controllP.r 33. 'rho memory controller 33 outputs the AV data 

to t:he buffer. 34 to bo sto:r:cd therein tempora-rily. The MPU 31 

controls tho memory cpntroller 33 to read out the AV data back 

from the buffer 34 by !ixed units and outputs the data to the 

llllD 1 to bo recorded thctein. 

In a pl«yback operation, on the other hand, the MPU 31 

g.i ves a comma.nd to the meniory controller 33 to read out "f\.V 

dn.t;i of a pr.cdetermined amount £.rom the HOD 1 and store the AV 

data into the buffer. 34. Receiving the command, the memory 

cont:collcr 33 rec:ids out AV data oi a predetermined amount from 

the HDD 1 <mcl stores the AV data into the buffer 34 

Lcmporar:ily. The AV data read out by tha memory controller 33 
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i.:. m1pplicd to the MPEG decoder. 36. The MPEG decoder 36 

scpR~tites tho AV data received from the buffer 34 into video 

dala and audio datu, decodes the video·and audio data 

separately and outputs them as an AV signal. 

Fig. 2 is a diagram showing a relati~n between the amount 

C>f lransfcrrecl c.iata in sectors and tho lapse of tirna in an 

operation to transfer AV d<=1ta of 2 chunnels encoded in 

accordancE? l..iith the MPl·~G f:t::om the HOO 1 to the host computer 

2. Th~ AV data is transferrod at a transfer rate of eight 

Mbps. In the cl'.lse where the> number of pictures (N) is 15 and 

the app~arance !r~quency of I- and P-pictures is 3, the size 
. 

of GOP (Group o( [lict:ures) data is 512 KB (1,024 sectors). 

l\t;snming t.hfit the cluster ~ize is 256 KB (512 sectors), a GOP 

cumpr.jBes two cluster5. 

Datn of channel 1 ls read out from its first cluster 

a(ter completing a seek operation by the magnetic head, a time 

ta wait for the disc to rotate to a desired position and a 

track juwp, those to be done within the first 50-ms period of 

tilll<~. Du:d.nq tho following 50-ms perlod of time, the data o! 

channel 1 is transferred Lo the host computer 2. During the 

third and fourth 50-ms~peciods of time, the data of channel 2 

is read out from its first cluster and transferred to the host 

comput(!r 2, so that the! operation to read out and transfer the 

d~ tci of channel 1 i.s_ tcmporar ily suspended. Then, at the 

Leginnin.g of the fifth 50-ms period of.time, the operation to 

~c~d out and transfer tho daLa of channei _l is resumed from 

its second cluster and, aL tho end of the sixth 50-ms period 

of tima, the operation to read out and transfer the data of 

d1~nnel 1 from its first '1rid second clusters l= 2 x 512 

~ectors) is ~ndcd. tikawisc, during tha fifth and sixth 50-ms 

~eriods of time, the operaLion to read out and transfer the 

data of channel 2 is suspended temporarily. Similarly, at the 

beginning of the seventh 50-ms period of time, tha operation 

Lo rci'ld out imcl transfer the dat.a of channel 2 is resumed from 
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it~• scc<.md c;luster and, at the ~nd of the eighth 50-ms period 

or time, the opexation to read out the data of channel 2 from 

its ti~st and second clusters (~ 2 x 512 sectors) is ended. 

In order to sustain the continuity of a data transfer, 

the following conditional relation must b~ satisfied: 

(llDD internal transfer rate) x {Transfer allowable time} 

~ (Required amount of transferred data ······ ( 1) 

'l'hc tot al. number of transfers (m) required to trans fer 

one GOP is m '"" GOP/cluster size. In the case of the example 

shown in Fig. 2, rn = 1,024 secLors/512 sectors = 2. That is 

t.o :-3"Y' ln order. t.o transfer ll.V data of one GOl? (=l, 024 

s~ctors) which is recorded in 2 clusters each having a size of 

51? sectors, twice of transfer~ are required. 

'l'ho ahove formu l<i cnn be expressed in terms of actual 

pa:i:rnnetcrs a~ follows! 

(Q )( RDRV)- x (TGOP/ (n x m) - (TSEEK + 'l'REV)) 

~ RMP~G x TGO?/m 

when~: 

n is the rrnmher of recording or playback channels, 

c is a format efficiency, 

TGO? is n GOP time (sec), 

RMl?EG .is an Ml?F.G transfer rate (Mbps), 

TS~a;;f< is a mnximum sock time (sec), 

'J'RT:~V is a djsc revolutioi1 time (sec) and 

(2) 

RDH.V js an internal tranflfcr rate in the HOD {Mbps). 

In t:hc abovo formula, a worst fragmentation stat.a is 

t«ken into consideraLion. In a worst fragmentation state, a 

Wc1'i t time comprising a head seek time and a disc revolution 

ti.me is enta:\led each time ari access is made to a cluster in 

which dAta is r·ccorcled. !t should be noted that: the above 
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foz.mula doc:'l not considc r a time to carry out retry processing 

iri the event of an error detected during an operation to read 

out data and defect processing after t~e retry processing. 

The size of one GOP is ex~rcssed as follows: 

GOP (Mbit) ~ RMVEG x TGOP 

Since one GOP co1nprises m clusters, th~ size of a cluster 

is e>-:presscd us follows: 

Cluster (Mbit) =GOP (Mbit)/rn""' RMPEG x TGOP/m 

•..... (2a) 

By :r.ear.rang:i ng forrmla (2), TGOP can be found as follows: 

TGOP ~ ('rSEF.K + 1'RlW) ')( e x RDRV x n x rn/ 

(e x RDRV-n x RMVEG) ······ (2b) 

It should be noted th<it formula {2b) is derivGd by 

normt:il algebraic nmnipulation of formula (2), details of which 

arc omitted. By substituting the expression on the right-hand 

sick"! o.f Io.ri::.uli1 (2b) for TGOP in equation (2a} , the size of a 

clu5tcr is expressed as follows: 

Cl llS li~r. (Mbi t) 

~ RMP~G x (TSE£K +TREV) x e x RDRV x n/(e x RDRV-n x 

RMN:G) 

.• {'l'!1E:EK + -rm::v) I (e )( RDRV-n x RMPEG) I (e x RDRV x n x 

H.MPE:G) 

- (TSE~K + TREV)/{l/(n x RMPEG)-1/(e x RDRV)} 

Thus, Cluster (Mbit) ~ (TSEEK + TREV)/{l/(n x RMPEG)-1/(e 

x RDRV) } 

Since one Mbit = 1,024/B kbyte = 128 kbyte, Cluster 

(kbyta) ~ 128 ~ cl~ster (Mbit) , Thus, 

Clu:3tnr (kbyte) 
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~ 128 x (TSEBK + TREV}/{l/(n x RMPEG)-1/(c x RDRV}} 

fis dascribcd above, a wait time comprising a head seek 

t.intC! and a disc l.·evolution tirne is entailed each time an 

( 3) 

ilccess is made to a clnster in which data is recorded. Now, 

in ndditio11 to the head seek time and the disc revolution 

Limo, consider a timo to carry out retry processing in the 

event of an error detected in an operation to read out data. 

In this ca:Je, the size of a cluste~ is expressed as follows: 

Clu$ler {kbyte) 

~ 120 x {TSEEr< + (l ·I· NRTRY) x '!REV) / 

{ 1/ (n x H.MPEG) -1 I (e x RDRV) } ...... ( 4) 

when) NRTRY is the number of retries. As shown in formula 

(4), the sizu of tha cluster is found in the same way as 

f orrnula (3) except th«t the retry processing has an effect of 

lP-ngthening Lhe di.sc revolution time TREV by (1 + NRTRY) 

ti.me::.:;. 

The fo~mulD for finding the size of a cluster frQm the 

upper. limit NR'l'H.Y of the number of ret:r:ies with the retry 

proccsstcHJ tuken into consjdcration can be sj.rnplified as 

follows: 

CJ.usl:.e1: (khyte) 

;:: (3 + NRTRY) /(3 /(4 x n x RMPEG)-1 /RDRV} ...... ( 5) 

The above simpli ficd formula is obtained for a 3·. 5-inch 

1\TA IIDTl, a disc r.evolution speed of 5,400 RPM, a TSEEK value 

of 0.02 soc, a TREV vuluc of 0.01 sec and a format efficiency 

c of 0.78 which is a realistic value. 

Convcrnely, by rearranging formula· (4), the number of 

ullc>\•lnble ?:-eLr.ics NRTRY cc:in be found from a given cluster size 

els follows; 

NR'l'RY 
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~Cluster x {l/(n x RM~EG)-1/(e x RDRV} •1(128 x TREV)-

·1·s1:;r.~K/'l'REV - l .....• { 6) 

1\t the beginning of a data transfer, the MPU 31 computes 
the nuinbE)r of allowable rclries from the number of channels 

specified in a transfer request by using the above formula. 
Fig. 3 is a diagram showing a typical structure of a data 

manngemont format of a recording area in the HDD 1. As shown 
in the figure, the entire tecording area of the disc 18 in the 
lIOD 1 is controlled by using consecutive LBAs, namely, from 
LB7\0 to J..RAN. 

J,87\0 to l.137\M-1 .ire u.scd for recording AV data whereas t:he 

i:enrn i niug I.J.mM to LIJAN are used for recording an IT 

{Iafqrmtltion Technology) data. 'l'hc IT recording area 

cmnpri~es an audio-data area, a TOC (Table of Contents) area 
and a seco1uJ<:.u:y-defcct-list <Jrea. The AV-data recording area . ~ 

nn~ the audio-data area constitute an area in which user data 

can be rocor.decl. On. the other hand, the TOC area and the 
5ncondar.y-dcfect-list area arc referred to as a system-
management area. 

- AV dnta is recorded in cluster units ic dependence on a 
recording mode of the system. The recording bit rate varies 

f:r.om rnode to mode. In an edit mode for recording editable 
data, the recording bit rate is typically eight Mbps. An SP 
mode for recording video dala of a relatively high quality at 
" typical r.ecording blt ratr. of 4 t-'i.bps is inferior to the edit 
1nodr~. • An l .. P mode with a rq,:ording bit rate of typically 2 
Mbps iei . ns~d for.• recor.dir.ig ·video· data over a long period of . . . 
thnc, aJ.thongh the quality of which is not that high, A - . . . 
c.l uster Ls a collection of .:.\ pl.ural'ity of logical blocks. A . . 
cluster i~ a sm~llcst data recording unit on a disc. The size 
of ~ cluster v~ries in dependence on the recording mode and 
can bl:'! found by using computation formula _(4·}·· or (5) given 
ahovc. 
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Fia. 4 is ~ diagr~m showing a layout of clusters of user 

data and system-managoment data to be racorded. As shown in 

the figuro, tho size of a cluster of user data which can be 

video or ~udio data var.ios in uccordance with the recording 

mod~ ;:rnd is found by using computation formula (4) or (5) 

givon above. It should be noted that data is recorded into 

the system-mr1nn.gcmcmt aren in logical-block units. A file 

unit of AV data is refcrrod to as a title. 

Fig. 5 is a dl.agram showing relations between thc:i numbei; 

of channels and the cluster size of transferred data with tho 

nwnb~r of ;iJ.Jowablo retries taken as a parameter. To be more 

$pecific, Lhc diagrQm shows relations for allowable-retry 

counts of 7.cro and onu for writing attempt. As shown in the 

fiqure, the si.zo o( a cluster for an allowable-retry count of 

0 r.an be made smaller than thilt of ari allowable-retry count of 

l <rn is nh:o obvious from formula (4) or (5). ln addition, 

the size l":> f. ci clust.er also increases for a larger number of 

ch.:rnncl~ r.is is obvious from formulas (3), (4) and (5). 

l:'i.g. 6 j s a diu.gram showing relations between the number 

of tr.ansfor chu.nnels and thG required size of th~ buffer 34 

with the number. of allc.:iwable retries taken as a paramater. •ro 

be more specific, the diagram shows relations for allowable­

rat..r:y counts of zero and one for writing attempt. As shown in 

Lho figure, the siz~ of the buffer 34 for an allowable-retry 

count. of ?.e:r.o can be made smuller than that of an allowable­

retry count. of one. In uddition, the required size of the 

buff t!r. al so increases for a larger number cf channels. 

The fol.lowing description explains processing to play 

back data fro1n the system-management area when the host 

computer /.·jf; R.ctivated with reference ·to a flowchart shown in 

· Fia. 7. As shown in the figure, thtl flowchart begins with· a 

stnp Sl u.t which the Ml?U 31 r.eads out information in the TOC 

ar~a <"lnd info~rnalion in tho secondary-defect list area from 

the sy::item·-mnnag~mcnt urea. The information recorded in the 
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TOC ~rea on tho HDD 1 is ref erred to hereafter as dTOC 

-
information. The flow of tho processing then goes on to a 

step S2 at wl1ich the MPU 31 writes the information of the TOC 

area read ot1t at the step Sl at an predetermined address in 

Um host HJ\M 32, ci:eating OTOC information. OTOC ).nformation 

is TOC informntion written into tho host RAM 32. Then, the 

!low of the processing goes on to a step SJ at which the MPU 

3l writas the information of the secondary-defect list area 

read out «t thC! step Sl at a predetermined address in the host 

HAM 32, creating a new-defect table. When the processing of 

the step S3 i5 completed, the host computer 2 enters a state 

to wait fpr n next instruction. 

'l'he following description explains operations carried out 

by tho host computer 2 to record AV data with reference to a 

flowchu.rt shown in Fig. B. As shown in the figure, the 

flowchart h~gins with a step Sll at which the MPU 31 acquires 

the Litle and a recording mode of AV data to be recorded from 

n user intorfnce unit shown in none of the figures. The flow 

of the processing then goes on to a step S12 at which the MPU 
31 acquircD tho number of: recording channels rapresentod by 

parAructer n in formula (3) as well ilS a recording rate 

repl'."C!scnt:~d by parameter RMI:F.G in foz:mula ( 3) from the title 

rmd the rccoi=cii11g mode r:icquircd at tho step Sll, and then 

computes t.hc cluster si7.c by using formula (3). The MPU 31 may 

01 lso cleterminc the clusteJ: size using a lookup table 

contilining values calculated from formula (3) . It should be 

notGd that tho other prir(lmcters used in formula (3), namely, 

'l'S~~EK, i:L'Hl'~V, e and RDRV, are known values which are unique to 
the HDD 1. 

Then, the flow of the processing goes on to a step S13 at 

whi.ch tha MP.U 31 selects ~OC information on a free recording 

a1'c;i on the disc from the OTOC information stored in the host 
R~M 32. As described above, the OTOC information has been 
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cn~oted from the dTOC information stored in the HDDl at the 

step S2 of the flowchart shown in Fig. 1. 

Then, tha flow of the processing goes on to a step S14 ~t 

whi~h. t.ho MPU 31 forms a judgment as to whether or not a new 

defect cxi~ts in a hl~nk area selected at the step Sl3. The 

f ormotion of the judgment i~ based on the new-defect table 

created at the step S3 of the flowchart shown in Fig. 7 and 

!>tor.eel in tho host RAM 32. lf the outcome of the judgment 

indicates that: a naw defect exists, the flow of the processing 

goes on to a slep SlS. At the st~p S15, the MPU 31 idontifies 

the nddress of a cluster that includes the new defect and 

excludes the cluster from the blank area. If the outcome of 

L:hu judgmnnt lndiciltes that a naw defect does not exist, on 

t:hr~ other hand, the flow of the processing goes on to a step 

S16 dir~ctly, skipping the step 515. At the step S16, the MPO 

31 writes data for the blank area at a predetermined address 

i11 the P-mberldcd RAM '10 <tncl creates iWTOC information. That is 

to ~ay, 'l'OC infol:mation in the embedded RAM 40 is used as iTOC 

in1:ormation, i'fOC inform<iti.on _at recording is used as iWTOC 

information ~nd iTOC information at playback is used as iRTOC 

Jn for. mc:i. t lon • 

The flow of the processing than goes on to a step S17 at 

which the MPO 31 acqui.rca the number of recording channals 

represcnled by paraxn.ctcr n in fo.rmula (6) a.s 'Well as a 

rncording rate represented by parameter RMPEG in formula (6) 

from the t:itle c:tnd Lhu recordlng mode acquired at the step 

~nl, ;:md then acquires the cluste1· size in formula (6) which 

Wa5 c:omputod at the step Sl2. Then, the MPU 31 computes 

NR'l'RY, t.h~ number of allowable ratriesy. by using formula· (6) ·, 

The MPU 31 m~y also determine the NRTRY using a lookup table 

contnining valuul:s C'1lculatcd fx:om formula (6). It should be 

noted Lh<it tllc other param~te:rs used in formula (6), namely, 

'l'~>RE:K, TUEV, e and RUnV, are known values which are unique to 

t:ha flPD l. 'rhe HPU 31 info:r::ms the HOD 1 of the value of NRTRY 
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s<> thut the llDD l will not carry out retry operations a number 

c> f. ti mes nxcccding the value of NRTRY. 

In Lhr~ llDD 1 to which the present invention is applied, 

an upper li rni t of tho nmober of allowable retries is received 

f ?:om the host computer 2 as a command. Typically, in the ATA 

system, this command is defined newly as a special corrunand. 

Tho hoot computer 2 issues a retry restricting commund 

specifying rtn upper linul of the number of allowable retries 

to Lhc HDD 1. When the number of retries carried out in an 

operat~on to road out or write data from or into the disc has 

~e~ched the up1~r limit in the event of an error, the HOD 1 

transmits data including tho error occurred in the sector to 

the ho5t computer 2. At the same time, the HDD 1 sets error 

t1t.atus Lo interrupt the host computer 2. From this 

int-.erruption, the host computer is informed of a defect 

addr0ss. 

The flow of the processing then goes on to a step SlB at 

wh-Lch the MPU 31 finds the nurnber of times (N) a record 

com1itcmd is t.o be issued. The value of N varies in dependence 

on tho recording mode of a title to be rec6rdcd. The recording 

mo~e determines how many bytes can be recorded with one racord 

conllnand. !':'or. example, in the case of the edit mode sat as a 

recording modo, the value of N is 3 since the size of the dat11 

i~~ more than two times the amount of data that can be recorded 

in cnch record comrncind. The flow of the processing then goes 

on to a SU!p .Sl9 at which the MPU 31 sets the count value of N 

found at the step Sl8 in a record-command-issuance counter. 

'fhe flow of the processing then goes on to a step S20 at 

which the M
0

PU 31 converts an HBA (Host Block Address) into an 

I.Bl\. An Hl1l\ is an nddross for controlling the AV-data 

roeurding arm1 in the host computer 7.. The flow of tha 

prncossing then goes on to a step S21 at which the MPU 31 

is~rn~:; u record command to the HOD 1 througr. the data bus 37 

,1.nd the A'rl\ I/F 38. 'l'hc record command reqi;ests the HOD 1 to 
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record the title which w~s acquired at the step Sll from the 

u9cr interface unit. The record command is issued on the 

basis of the iWTOC informatj.on stored· in the embedded RAM 40. 

Ta be more specific, a clust~r into which data can be recorded 

is so] cctcd aD a recording location from· the TOC information 

on ~ bl~nk are~ which is pa~t of the iWTOC information. 

'rbc flow of the processing then goes on to a step S22 at 

which the MPU 31 forms a judgment as to whether or not the 

count value of the record-command-issuance counter is aqual to 

O. If the outcome of Lha judgment formed at the step S22 

indicates that the count vallle of the record-command-issuance 

~ounto~ i~ not equal to 0, the flow of the processing goes on 

to ~ step 3~3 at which tho MPU 31 decrements the value of the 

rccord-comrttand-issuancc counter set at the step S19 by l. 

Then, Lhe f.1.nw of the processing goes back to the step S21 at 

whiGh the MPU 31 issues another: record command to the HDD 1. 

If the outcome of the judgment formed at the step S22 

indicates that the count valua of the racord-command-issuance 

C()Unter has become equal to 0 or tho recording command has 

b\:tm issL\e.!d (N + 1) .times, on the othe;r.: hand, the flow of the 

proccasin~ goes on to a step S24. nt the step S2d, the MPU 31 

forms a judgment as to whnther or not tho operation to record 

the ti tll~ acquired nt the step Sll to be coropl.eted. If the 

MPtJ 31 judges that the operal:ion to record th9 title is not to 

bi:.: complet.P.d, tho flow of the processing goes back to the step 

Sl9 ilt which the value of N is set in the record-command­

issunnce collnter for rc·cording data into the next clustar. 

Then, the pieces of p~occssing of the ste~s S20 to S24 are 

rcp~nted. As the outcome of the judgment formed at the step 

S24 indicates that the ope.ration.to re<?ord the title is 

completed, tho host computer 2 is put in a wait state. 

Next~ opcrntions c11.rd.ed out by the host computer 2 to 

play Lack n.v d<J.ta arc explained by referring to a flowchart 

shown in 1:":i.g. 9. As shown in the figure, thc:i flowchart begins 
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with a step S31 at which the MPU 31 acquires the title of AV 

daLa to bn plRycd back from the user interface unit which is 

shown in none of tha figures. 'l'he flow of the processing then 

goes on to a step S32 ilt which the MPU 31 selects information 

on u TOC a.r:oci according to the title from the OTOC information 

stored in the ho::it RAM 32. As described earlier, the OTOC 

information was created frotn the dTOC information recorded in 

the HOD 1 at the step S2 of the flowchart shown in Fig. 7. 

Thu {low of the processing th~n goes on to a step 533 at which 

the MPU 31 writes the OTOC information selected at the step 

S3?. at a predetermined address in the embedded RAM. 40 in the 

MPU 31 to create iRTOC inCorination. 

The flow of the processing then goes on to a step S3'1 at 

which tho MPO 31 acquires the number of playback channels 

:i:Gp.resented by pnramctcr n in formula (6), a playback rate 

r<=?p"Cesented by paramcta.r RMP~~G in formula ( 6) and the size of 

u oluste~ in which the data is recorded (that is, the 

pa~~meter Cluster in fo~mula (6)) from the recording mode of 

l:hc t.i. l:lc to be played ba~k. 'l'hen, the MPU 31 computes NRTRY, 

'the number of allowable retries~ by using formula {6) and 

i.ssues Lhc retry restriction command to HDD 1. It should be 

1~oteci thut the other parametl3rs. used in formula ( 6}, namely, 

'l'Sl!:E:K, 'l'IlF:V, e and RDRV, arc known values which are unique to 

the HDO 1. Then, the flow of the processing goes on to a step 

S35 at which the MPU 31 finds the number of times (N) a 

playback· command is to be issued in dependence on the 

raco.rdinq modo (or the size of the cluster) of tha title to be 

pluyed back. The flow of the processing then goes on to a step 

S36 at which the MPU 31 sets the count value of N found at the 

stop SJS in r.i playback-command-issuance counter. 

The flow of _the processing then goes on to a step S37 at 

which the Mi:>U 31 converts an HBA (Host Block Address) for 

cont.-roJ..U ng the J\V-data .recording area in the host computer 2 

into nn LRA. The flow of the procc~sing then goes on to a 
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step S3B al which thE::! M'('lU 31 issues a playback command to the 

IIDD 1 through the data bus 37 and the J\TA I/F 38. The 

pl<Jyback commnnd requests the HDD l to play back the title 

which was acquired flt the slcp S31 from tho user interface 

uni t. 

The flow of the processing then goes on to a step S39 at 

whlch tho MPU 31 fOl':ms a judgment as to whether or not an 

error exists in the playback I\V data supplied by the HOD 1 

through the l\TA I/F 38. If the outcome of the judgment 

indicates Lhut an error exists in t~1e playback AV data, tho 

flow or the processing proceeds to a step S40 at which the MPU 

31 sots the cluster contajning tho playback AV data with an 

error oetectcd at the $tep S39 as a new-defective recording 

ara;l by eu.taloging the HBA of the defective cluster in the 

new-defecl table stored in the embedded RAM 40. 

The flow of the processing then goes on to a step S41. 

l:C the out0010c of the judgment formed at the step S39 

tndicatcs lhat an error docs not exist in the playback AV 

du.ta, on the other hand, the flow of the processing proceeds 

to the step S41 directly, skipping the step S40. At the step 

S41, Lhc:i MI?U 31 forms a judgment as to whether or not the 

count. vaJ.u_e of the playb~ck-co111mand-issuance counter set at 

tho ~tep ~JG is-equal to 0. If the outcome of the judgment 

:form~d at Lh~ step S4l indicates that the count value of the 

playbock-command-issuance counter is not equal to 0, the flow 

of. the processing goes on to a step S42 at which the MPU 31 

<lecr:~ments tho count value of the r.ecord-comr:tand-issuance 

counLcr by 1. 'fhcn, the flow of the processing then goes back 

l:o tho step S3B at. which the MPU 31 issues another playback 

command to the mm 1. 

If thP. outcome of th~ judgment formed at the step S41 

i.ncilcates th.nt the count. value of the playback-conunand-

j ~suanco cmlllter h~s i:f?ached cqutll to O, .that is, if the 

riunibar ot Lim~~ the plc1yback command is issued has reached (N 
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+ 1), on the other hand, the flow of the processing goes on to 

a Htep S43. At the step S-13, the MPU 31 forms a judgment as 

to whether or not the operation to play back the title 

acqu.ircd at the step S31 is to be completed. If the MPU 31 

judgP.~ thv.t the operation t.o play bnck the title is not to ht:! 

cornplctcd, the flow of the processing goes back to the step 

S36 at which the value of N i:; set in the playback-command-

j ssu~nce counter for recording data into the next cluster. 

~hen, the pieces of processing of the steps S37 to S43 are 

.n::pcnted, 1\s the outcome of the judgment formed at the step 

SGJ indicates that the operation to record the title is 

completed, the host cornpul:er 2 is put in a wait state. 

It should }Jc noted that the restriction on the retry 

oporalions .imposed at the step Sl7 of the flowchart shown in 

Fig. 8 or the step 534· of the flowchart shown in f:'ig. 9 can 

al.so he bused on time instond of the number of retries. 

In addition, data can be recorded into and z:ead out from 

the I'l.' :recording a ma including tho system-management area in 

LBJ\ units by maki.ng accesses to the HDD 1 with no restriction 

on tho number of retries. The defe~t processing is the 

ordinary defect processing iinplcmcnted in tho HDD 1. The 

procossing can bo accqssad at an error rate assu~ed by an 

orcUna r.y Itl)l). 

It should be noted that, presentation media for 

presenting a computer program to be executed for carrying the 

pr:ocP.s~.ing described above can be information recording media 

s\lc::h as n znagnetic disc an<.l a CD-ROM or transmission media 

using a network such as tho Internet and a digital satellite. 

As dGscribad ·above, according to a recording/playback 

apparatu~, a rccording/pl~yback method and a presentation 

medium of the present .invent i.on_, a defect in a data recording 

;n:e<J of a recording medium causing an operation to record or 
play bilck data jnto or from the araa to end in a failure is 
clet:erminQd by <:ount.lng the number of times an operation to 
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n~corci or play back data into or from the area nnds in a 

fa.Llurc, and an upper limit of the number of times used as a 

critecion for dctGrmining a defect is adjusted in accordance 

with the size of a unit of the operation to record or play 

back dritil :i.nto or from the recording medium. As a result, 

cln ta can be recorded and playc~d back without losing the 

continuity of the data. 

Jn udctition, according to a recording/playback apparatus, 

<.l recording/playback method and a presentation medium of the 

present invention, a defect in a data recording area of a 

r.ecording medium cuusing an operation to record or play back 

data into or from the areil to end in a failure is determined 

hy counting the number. of times an operation to rocord or play 

b~ck data into or from the area ands in a failure, and an 

upper limit of the numher of times used as a criterion for 

determining n rlefcct i~ adjusted in accordance with a transfer 

rate ~nd the m.1mber of. transfer channels in tho operation to 

record or play back data into or from the recording medium. 

ns a result, data can be recorded and played back without 

·losing the continuity of the data. 

Having now fully described the invention, it will be 

.nppnr~nt to one of ordinRry skill in the art that many changes 

nnd modifications can be mado thereto without departing from 

tha spirit and scope of the invention as set ~orth herein. 
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WHAT IS CLAIMED IS: 

].. Appc1.L·atus for :i:ccor<ling continuous data on a recording 

mcciiu1n, comprising: 

supplying means for- supplying said continuous data 

at ri predetermined tr<insfnr rate; 

i::ccord.i.ng means having a certain seek performance 

anrt recording modes for recording said continuous data on said 

recording medium in a recording unit of controllable size; and 

fi.r.st. setting means for setting the size of said 

r~cording unit according to said transfer rate of said 

suprilied conliuuous data. 

2. An apparatus a~cording to claim 1, wherein said first 

sc:•tting mecrns nets the uiic of said recording unit according 

to s~i<l seek pcrfor.mance of said recording means. 

3. An apparatus according to claim 2, wherein said 

m1pplying means includes a dasignating means for designating 

RRjd tr~nsfer rate according to recording mode. 

4.. _l\n apparatus according to claim 2, wherein said first 

!'.iCllting menns J.ncludes a means for setting said recording unit 

size according to the recording mode. 

5. An apparatus ac~ording to claim 2, said apparatus 

-further comprising il second setting means for setting a number 

of allowable retries to play back data from said recording 

~~diuru according to sRid transfer rate. 

6. An apparatus according to claim 2, said apparatus 

ftitther compcising a secon~ setting means fer setting the 

number of allowable retries to play back data from said 

recorciin'J medium ac:cordinq to said seek performance. 
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7. An apparatus according to claim 2, said apparatus 

furth0r compri5ing a second setting means for setting the 

numhor of allowablo rot.r:ies to play back data from said 

recording modi.um accord.il19 to said recording unit size. 

O. A m~thod for recording continuous data on a recording 

mecli.um, compriR:ing thc:i steps of: 

supplying said continuous data at a predetermined 

Lrnn:"ife:r.: ru.tc; 

recording said continuous data on said recording 

rnmlit.:un in a recording unit of controllable side, using a. 

i:cco:rding rnenns having a certain seek performance and 

l7C?c:ording modes; and 

~ctting the size of said recording unit according to 

said tran9fcr rate of said supplied continuous data. 

9. A m~thod according to claim B, wherein said step of 

Hctting sQts the size of s~id recording unit acccirding to said 

nack parfoxmanca of said recording means. 

10. A method according to claim 9, and further comprising 

tho stop of <le~ignating s~id transirir rate according to the 

r.ecording mode. 

11. A mothod according to claim 9, and further comprising 

the step of setting said recording unit size according to the 

1·ac!ord j ng mode. 

12. l\ m~thod according to claim 9-, and further comprising 

the s_tep of setting the number of allowable retries to_ play 

hack datn fr.om said re~o~ding medium according to said 

transfP.r ri'lte. 
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13. h method ~ccording to claim 9, and further 

con1pi:ising the step of setting the number of allowable retries 

t.o p.lny back data from stiid recording-medium according to !3aid 

:::;ouk per:.Eorm.-"lnce. 

14. A method accoi:dh1g to claim 9, and further 

comp.cising the step of setting the numb~r of allowable retries 

to pl~y back data (roro aald recording medium according to said 

recording unil size. 

15. Au apparatus for recording continuous data on a 

r~cording rner.lium, cornp:i::ising: 

unj t; 

supplying means for supplying said continuous data; 

fi:rat setting means for setting size of a recording 

second sctLing means for setting the number of 

aJlowablc retries to play back data from said recording medium 

acco~ding to said reco.cding unit size; and 

recording meanR having a certain seek perform~nce· 

and recording modes for recording said continuous data on said 

:.rocording modi um in said recording unit. 

16. An apparatus according to cluim 15, wherein said 

first setting means includes means for setting said recording 

unit size according to the seek performance. 

1·7. An apparatus ciccording to claim 15, wherein said 

first set.ttng ·means including means for sot ting said recording 

unit size according to recording mode. 

18. A method for recording continuous data on a 

rt~cording medium, comprising the steps of: 

supplying said continuous data; 

s~tting ::d zc of ~l recording unit; 
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sP.tting the number of allowable retries to play back 

c\atn from silid recordtng medium according to said recording 

uni.t siza; and 

r.P-cording sal.d continuous data on said recording 

medium in said recording unjt using a re~ording means having a 

c~ct~in ocok performance and recording modes. 

19. A met.hod accordJng to claim 18, and further 

Gomprising the step_ of r;otting said recording unit size 

according to tha .rC!cording mocte. 

20. A method according to claim 19, and f~rther 

comprising the step of setting said recording unit size 

ilr.cording to the seek perfor1nancc. 

21. An apparatus for reproducing continuous data 

recorded with a ccrlain unit size and in accordance with a 

nc:lccted l·ecording modi:? and a certain transfer rate from a 

r~cording medium, comprising: 

setting means !or s~tting the number of allowable 

retr.ies tc> play back data from said recording medium according 

to xccording unit size; and 

reproducing means [or reproducing said continuous 

d~ta in accordance with the recording unit s~ze. 

22. An apparatus according to claim 21, wherein said 

sel ting· mec.\n.S includes ll\Cans (or SOtl:ing the number of 

allowable retries according to the transfer rate. 

23. An apparatus according to claim 21, wherein said 

rucording unit size is set according to the recording moda. 

24. A method for reproducing continuous data recorded 

w:it .. h a cf'?rt<ii.n nni t size and in accordance with a selected· 
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recording mode and a certain transfer rate from a recording 

modi.um, compri~ing the steps of: 

set ting the number of allow.able retries to play back 

data from s~id recording medium according to recording unit 

~;iza; and 

reproducing said continuous data in accordance with 

the x:ocox:ding unit size. 

25. n method according to claim 24, and further 

.including the step of setting the number of allowable retries 

according to Lho transfer rate. 

26. n method according to claim 24, and further 

including Lhc step of setting said recording unit size 

nccording to recording mode. 

27. A recordjng medium for recording continuous data 

u~ing a .:recording means having a certain seek performance and 

recording modes for record.inq said continuous data at a 

certain Lransfer rate, comprising: 

il control region for storing management information, 

a data region for storing said continuous data in 

recor.ciing un.'l. ts, said recording unit having a prGdetermined 

siz~ in accordanca with the transfer rate of said recorded 

cont.inuou~ datu. 

28. ~n apparatus according to claim 27, wherein said 

rccordiny unit h_a:; a predetermined size in accordance with tho 

LJCE?k pe.t:fo1·manca or &aid recording means. 

29. An apparatus according to claim 27, wherein said 

rocording unit has a predetermined size in accordance with the 

rC'cor.ding znode. 


