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1 - METHODS—AMNB—-ARPARATUS—OR-CONTROLLI NG

ACCESS TO A RECCRDING DISK 5 : TECHNI CAL FI ELD

The present invention relates to a nmethod of controlling access to a
recordi ng diwésof/eggs ri ng a high 10 transfer speed and aggqapodiBios -

di sconti nuous positions on the di sk (random access) and to an
apparatus for the sare. BACKGROUND ART

Along with the increase of the speed of 18 conputers, disk storage

devi ces whi ch enabl e high speed, random access have been becom ng

I ncreasingly important. In recent iearsI particularly in the:
technol ogy for nultinmedia, nowthe fo ch attention, it is
essential to access the notion 20 pi ctures and audi o stored on the disk

as digital data at a high speed and from positions on the disk
separate from each other hbner_ _a hi gh transfer speed and rea

~ACCESS TO A RECORDING DISK
5
TECHNICAL FIELD
The present invention relates to a method of
controlling access to a recording disk requiring a high
10 transfer speed and access to discontinuous pésitions on

the disk {random access) and to an apparatus for the
same. |
BACKGROUND ART
_.Alon§ with the inqraase of the spaed of

15 comﬁuters, disk storage devices which enable high
spesd, random access have bean becoming increasingly
important. In recent years, particularly in the
technology for nultinodia; now the foous of so much
attention, 1tlis asseﬁtial to acoess. the motion

20 pictures and audio stored on the disk as digital aata
‘at a high ipédd“and from positions on the disk separate
£rom eaoﬁ other. Namely, a high-trunsfer speed and real
time property are required for the storage of
‘multimedia data such as notion pictures and audio. The H

25 high transfer speed naturally becomes necessary when



time property are required for the storage of mul ti medi a data.such
as notion pictures and audio. The 25 hi gh transfer speed naturally-
beconmes necessary when WO 97/ 16783 )
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| ar ge _armuﬁ%g%?ﬁ%s?i on pictures and audi o. ? Pcpﬁiﬂi‘g}r”%ﬁgr?rbre,

‘the real tinme property requires . that an upper limt of the
processing tinme not be exceeded. Far exanple, the novenent becones
awkwar d 5 unl ess 30 frames are successively displayed per second.

at constant intervals in the notion picture. Further, if
not able to kechanfilthghatlerge amountapfbhmbiiorspidtides aGind anddothere is

i nsufficient audio data, the sound breaks off and unpl easant noise

is 10 = generated. |n thiPasthermoie!, hthdateabftine propdrtyarequites

prepared and used at their respectively specified tines, t he val ue
of the infornat thatdanpsppérariimit of the prooessimyg \timen nidltc bat or age for
multimedia, it is i nportant that the upper limt be guaranteed, that .
is, 15 that skcepdedcsEomexample; ther novenent ibeddmmis awkward even
in the worst case. O herw se, even if satisfying t he specifications
in ternms ofs t heunlesag20 pErdmes are: successively displayed per second

at constant intervals in the motion picture.

Further, if not able to keep up with the
capabii:l.tie of the disk and thers is insufficient audio
data, the sound breaks off and unpleasant noise is

10 generatéd. In this way, if the data of multimedia are not
prepared and used at their respeotively sbec:l.z:l.ed times,
the value of the information drops sharp;y.

Acocordingly, in the storage for nﬁltinedia. it is
important that the upper limit be guaranteed., that is,

15 that the processing ocan be carried out in that th
even in the worst case. Otherwise, even if satisfying

- the specifiocations in terms of the averagtj_ performance,
it :I.ﬁ possible that the data will be too late at Qome
periods of time. The guarantee of the maximum value of

20 the processing time is referred to .n_the real time

| - property and is an indispensable fu_x:ot:l.on in the
multimedia field. '

In the storage of information for Qomputgrs,

- improvement of average performance has been the primary

25 target. The worst value was not always kept low; that is,



it is possible that the data will be too |ate at sone periods of _
tine The guarantee of the paxipmuR-valieof 20 the processing tiae in
referred to as the real time - property and is an indispensable
function in the mul timedia field. - In.the storage
of infornati QRobpisygPput ers, i mprovenent of averagey E?J&RFO ce _has
been the primary 25 target. The worst val ue was not almays ep

that is, WD 97/ 16783
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| arge variation in storage processing tine. Thi s point stands |n
sharp contrast to storage - requirenments for nultinedia. :

In addition, in t¥ReRMmWAS @clazgefvarintion dn shorage Mronaasingtime.
successive access to data at . physi cal.ly separated positions (random
access) nust be This pojmtestanda in  shaxp (S’BPtHPBE e ptogeged. For exanpl e,
vi deo-on-demand (VOD) is a systemallow ng a |arge nunber of viewers
to call up and vikegHirensnts fax wekiimedda. |jke at the times they like. In
order to realize this, it is necessary to process the requests from
many viewers in paral IEI%m-cMytgﬁm fiiieddgaos of the

parts that the viewers are currently watching. For this
5 applioation of mult » Ssuccessive access to data at

physioally separated positions (random access) must be
able to be carried out at a high speed. For example,
video-on-demand (VOD) is a system allowing a large
number of viewers to ocall up and view the programs they

10 like at the times they like. In order to ra;iize this,
it 1s necessary to process the requests from many
viewers in parallel and quickly prepare the data of the
parfs that the viewers are currently watching. For this |
reason, it becomes necessary to tﬁnoe the sources of

15 movies, etc. stored at a variety of locations on the
disk at a high speed.
FPurther, in recent years, videos and movies
have been edited by usihg not tapes and films, but disks.
With a tape, when inserting a scene of a few leoonds.

20 into a position near the start of a program of, for
example, one hour, to prevent overwriting it is
necessary to shift to the rear all of the video after |
that insertion position and therefore re-record the
program. Unlike high speed reproduction of analog

25 audio casgette tapses, such re-recording of video




reason, it beconmes necessary to trace the sources of 15 novi es, etc.

stored at a variety of l|ocations on the . disk at a high speed.
Further, in recent years, videos and noyies have been edited by _
usi ng not t films, but disks. Wth a tape, when inserting-a
scene of a‘?@?ﬁ’%e onds 20 into a position near the sta??’%‘?’“&"ﬂ? ogr am
-of, for exanpl e, one hour, to prevent overwiting it is

necessary to shift to the rear all of thegvideo after . that insertion
position and therefore re-record the program Unlike high speed
reproduction of analog 25 audi o cassette tapes, such re-recording of

vi deo pruySanid Aeiiires about one program’s worth of time, so

PCT/ JP96/ 03109 4 progr anms
requires about time effipiericy Wsr poovi Witie a stisk, howewer, ckiheecncy is
poor. Wth a disk, however, since random access is possible, it is

possi bl e to pl acenddmwe access isnpessiblepcoit iish pomsibishto placeitise on t he
di sk, junp 5 once to that position and access the inserted video at
the tinme of repinsaxtiom pontionhet another iposition on therdgskal jymgsition
and continue the reproduction of the ~ video. Taking this nethodol ogy
a step fur8&her,ondmrto ithat position and acocess the inserted video at
the time of reproduction, and then return to the
original position and continue the reproduction of the
video. Taking this methodology a step further, there is-
known a technigque wherein each scene ( 6ut) of the
10 program is placed at different positions on the disk
and track them at a high speed at the time of
reproduction so as to make it appear as if a single
tape were being reproduced. By doing this, it is
pos_s:l.ble to switch scenes and Mge lengths just by
15  changing the order of tracking of the data on the disk,
t_heréfore the efficiency of editing is extremely high.
This is referred to as non-linqar ed:l.t:l.ng.' Note that,
in this case as well, it is nece_aiary to track
physically separated positions on the disk at a high
20 spéed.. |
| As seen in these examples, in the ﬂ.al:_is of
| application of multimedia, it is l_ extze@ly :meo:;j:ant to.
access the data at a h:!.gh speed while tracking
discontinuous positions on the disk ( this is referred

25  to as random acceas), but the time for the movement of



known a techni que wherein each scene (cut) of the 10 programis pl aced

at_different pnﬂtions an the digk and_track them at a_h_l_g_h_s_p_egd at
the tine of reproduction-so as to make it appear as if a single
tape were being reproduced. By doing this, it is possible to switch
scenes and c gths just by 15 changing the order 1.9 of
the data on mg‘g}ds’%] ' therefore the efficiency of ed?h}%gﬁ?oghg B
extrenely high. This is referred to as non-linear editing. Note

t hat , in this case as well, it is ne®essary to track

physically separated positions on the disk at a high 20 speed.

As seen in these exanples, in the field of application of multinedia,
it is extremely iFpphead toothe desixed pylindex,t which oisxgfesmeddtohi | e
tracki ng di sconti nuous positions on the disk (this is referred 25
to as random acceas)they peekhfime pcand the) time, £ornwatting for the dgek

97/ 16783 PCT/ JP96/ 03109

5 t he hedp motate yatilcthe \atarxicof thecdats appearsdn dhe as
the seek tinme, and the time for waiting for the disk to rotate until

the 'start of the aliindespenbichnisgreferred toypsnthbe rofationald Aeieyred to

as the rotational del ay
5 time, are necessary for movement to discontinuous

positions. These times are referred to as the overhead
of the access. The longer this is compared with the
time for actually accessing the data, the longer time
it takes for the transfer of data from the qisk and

10 therbto:e fhe lower the perfornnnce. h

Now, when aisuning that the seek time of
the disk is Ts and the rotational delay time is Tr, the
overhead of the disk acocess becomes Ts+Tr. When the
head of the disk exists in the data and the time for

.15 actually accessing the data is Tt, the efficiency
compared with a case where there is no jump of.the head
to a separate position becomes low as shown in the
follow1n§ Equation (1):

Tt/(Tr+Ta+Tr) (1)

20 ' Numély. in comparison with a case where the
data on the disk are saquentiﬁlly accessed from staﬁf
to:the end, in the case where random acoess 1s carried
out while tracking the data at separated positions, it

' 10 Decessary to be aware of the reduction of the

25 performances by that amount. Accordingly, the task with



5 time, ‘are necessary for novenent to discontinuous posi tions.
..Those tines are referred to as-the overhead of the access. The
| onger this is conpared with the tinme for actually accessing the

dat a, -t he "i't takes for the transfer of t he
: &gggﬁ ﬁl@r r%%ws?w =~ Now.

di sk and efore the | ower the performance.
when assunmi ng that the seek tine of the disk is Ts and the
rotational delay time is Tr, the oger head of the di sk access becones
Ts+Tr. Wien the head of the disk exists in the data and the tine for
15 actually accessing the data is Tt, the efficiency conpared with
a case where thmaktimsdina dilsksofist e hmlreas the tredacttpnriahethom tion
becones | ow as shown in the foll owi ng Equation (1):
Tt/ (Tr+TsTr) performance at theliim&Oof a random accek@8whilei N conpari son
wWith a case where the data on the disk are sequentially accessed
fromstart maintaining rthe i:pan.h'e:lnasnm {aodaetecdiné thecarri ed
out while tracking the data at separated positions, it I S necessary
to be avare of dpmer cliwditi ef chet procéising criimer mncgaab;ntbstt@rmunt
Accordingly, the task with WD 97/ 16783
PCT/ JP96/ 08109 always operate at a time equal to or Shorter than this
upper limit).
In recent years, research has been conducted
regarding the method of guaranteeing the real time
property in the access of disks. For example, in D.
10 Anderson, Y. Osawa, and R. Govindan, "A File System for
Continuous Media™, ACM Transactions on Computer
| /
Systems, Vol. 10, No. 4, pp. 311 - 337, 1992
(hereinafter referred to as "Anderson 92%), an attempt
is made to improve the performance o:!_f a system by
15 ox‘)t:l..m:l.z:!.ng' the relationship between the amount of the
buffer memory for temporarily storing the data read
from the disk and the amount of the data to be read in
a single access.
| When it comes to the overhead of the access
20 of the disk, howsver, to facilitate the analysis, it
assumes that the worst values conceivable both_ fpr the
seek time and the rotational delay time ococur at every
- random acoess. Namely, the t:upe when .peqkj,ng _from the
innermost circumference to the outermost circumference

25 is adopted as the seek time and the time for waiting



mul timedia disks is to suppress the reduction in the ' performance at

t hetine of o random access wht——————-1pai-ht-ar-rg—the real—tinme property:

(to determ ne the . ' upper Ijmt of the processing tine and guarantee
to 5 al ways operate at a tinme equal to or shorter than this '
upper |imt) woer16783 In recent years, research JRE6He -
conduct ed regardi ng the nethod of guaranteeing the real tine
property in the access of disks. For exanple, in D. 10 Ander son, Y.
OGsawa, and R Govindan, "A File Systemfor 7 Conti nuous Medi a", ACM
Transactions on Conputer Systens, Vol. 10, No. 4, pp. 311 - 337,
1992 (hereinafter referred to as "Anderson 92"), an attenpt -

i s made to inprofoR exactlyonne ceotAtions dg: adopted jap thepyotationglt he

rel ati onshi p between the amount of the buffer nmenory for tenporarily
storing the datadeddy time. Of gopwsn dfspaking:this assmpiionhcthata to be
read in a single access. When it conmes to the
overhead of the f&tdbatergf theiwongt yalpe af,khe processisgl timecishe
analysis, it assunes that the worst val ues conceivable both for the
seek time and t h@XtFemely gnfec but uch aacopexationds not condusted
access. Nanely, the tine when seeking fromthe I nner nost

ci rcunferend® toeveEYotime dniagh eABfcthepsfore the;ggtinatesot he seek

tine and the time for waitin :
the worst value becomes very low in comparison with the

performance which can be derived £rom the disk in
actuality and such an estimate has little significance as
design data.

10 Further, in V. Rangan and H. Vin, "Efficient
Storage Technigue for Digital Continuous Multimedia®,
IEEE Transactions on Knowledge and Data Engineering,
Vol. 5, No. 4, pp. 564 - 573, 1993 (hereinafter
referred to as "Rangan 93"), it is investigated how,

15 when cutting a video file intoc a plurality of segments
and storing the different segments at different
positions, to determ;ne the lengtﬁs of the segments and
the intervals ﬁetuaén segments so as to maintain the
real time probertj. ' |

20 ' Here too, however, when jumping between
segments (at time of random access), it is assumed that
the worst overhead is caused every time in the same ;ay-
as described in "Anderson 92", therefore a similar B
problem exists. . |

25 There have also been attempts to keep the
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7 for exactly one rotation is adopted.as the rotational .

delay time. O course, if nmaki ng this assunpti.on, the - estimte of
the worst v of the processing tine is . extrenely safe, but such
an operatldﬁ #ﬁ‘ conducted_ 5 every tine in actu&it%Fﬁﬂﬂﬁ@#&%efbre
the estimte of the worst val ue becones very |ow in conparison with
t he performance which can be derivgd fromthe disk in

actuality and such an estimate has little significance as desi gn
data. 10 Further, in V. Rangan and H Vin, "Efficient

St orage Techni ogumrgorvdlus lowefodhi comparidon iwith these studiésThese
Transacti ons on Knowl edge and Data Engi neering, Vol . 5, No. 4, pp.

564 - 573, 1993endbieirenl ¢ime randomcicesssl o bes gukpagbeedwithit iS
I nvestigated how, 15 when cutting a video file into a plurality of

segnent s miclil lnighier periforsahbes o rEacte B M.S Raddgi aharent

positions, to determne the |Iengths of the segnents and t he .
i nterval s bet watyL BB Disks Schedubingi i o Miltimedia I/0cSysteédit, property.
20 : Here too, however, when junping between segnent s

(at tinme of rarktMNmultaxdia 93| Sppss22sd- t438, 1993 (hébein®FEér overhead is
caused every tinme in the sanme way
referred to as “"Reddy 93"), J. Gemmel, J. Han, et al.,
*Delay-Sensitive Multimedia on Disk", IEEE Multimedia
1994, pp. 56 - 67, 1994 (herelﬁnftar r;ferred to as
"Gemmel 9@'), and M. Chen, D. Kandlur, and P. Yu,

10 "Optimization of the Grouped Sweeping Scheduling (GSS)
with Heterogeneous Multimedia Streams”, ACM Multimedia
93, pp. 235 - 242, 1993 (hereinafter referred to as
"Chen 93"), attempts to suppress the overhead by using
a head scheduling algorithm referrsd to as "SCAN".

15 ) "Head scheduling"” 1s a method for reducing
the seek time by tinkering with the oxrdexr of the access
whexre it is necessary to sccess a plurality of
positions on the digk. The SCAN algorithm shown in.rig;
1. 4is an algorlthn in uhioh a glvan plurality of - I/O |

20 '.requests (#1, #2, ...) are sorted in the radlal
direction of the disk and sequenti;lly processed.
Reciprocal operation of the head, which will'pcour if
the processing is carried out. in the order of a:rtvll
of the I/O requests (#1, #2, ...), can be p;evgnted'andl

25 in turn the respective seek times can be reduced. As



as described in "Anderson 92", therefore a simlar probl em exi sts.

25 _ —There have also heen atteppts to keepthe WO
97/ 16783 o : PCT/ JP96/ 03109
8 ©© worst value lower in corrparl son with these studies. These

enabl e real t v om access to be guaranteed with
per f or mances. g‘:gché%%i N. Reddy and J. Willie, "D sk P@Mﬂ@g in a
Mul timedia I/ O Systent, 5 ACM nul ti media 93, pp. 225 - 233, 1993

(hereinafter referred to as "Reddy 98"), J. Gemmel, J. Han, et al.,
"Del ay-Sensitive Multinmedia on Disk", |EEE Miultinedia 1994, pp. 56
- 67. 1994 (hereinafter referred to as . "Genmel 94"), and M Chen, D
Kandl ur, and P. Y&he algoritilgmtafiithet headoschédnldng, pmdnP abgorititedachel i Ng
(GSS) wi th Heterogeneous Multinedia Streans”, ACM Miultinedia

93, pp. 235 - 242kno983 Theseaare mentiched rinl detald in for &ximpldH.),
‘attenpts to suppress the overhead by using a head schedul i ng

al gorithmreferrebBeitelhs “*y@ugting] Systems”, Addison WeeleyspmrddéayP72,s a
met hod for reducing " the seek tine by tinkering with the order of the
access whel®90: is necessary to access a plurality of

5 All of “"Reddy 93", "Gemmel 94", and "Chen
| 95' are predicated on the assupption the use of a SCAN
algorithm, therefore are able to suppress the seek time.
Accordingly, it is possible to lower the worst value of
the overhead and guarantee a higher performance in
10 comparison with "Anderson 92" and "Rangan 93;.

However, fhe only thing which the SCAN
algorifhm can suppress is the seek time. No allusion
has yet been made up to now about reduction of the
rotational delay ﬁime.

15 ; "Reddy 93" assumes that a special funoction
referred to as a zero latency access mechanism exists
in the disk. The zerc latency acceas mechanism is a
method 1n which the data is successively read even from
the middle of the data at a point-of time when the head

26 reaches the desired track and the leading portion of _'
the data which was not in time is read again when the
disk rota.tes one time and that pcrl::l.on returns.
Acoordingly, when the disk rotates one time, the

desired data can be all reliably read apd therefore the

25 total of the rotational delay and the access of data



positions on the disk. The SCAN al gorithm shown in Fig. 1is an
algorlthnlln whi ch a given plurality of I/O 20 requests (#1, #2, ...)
‘are sorted in the radi al direction of the disk and sequentlally

processed. ci procal ‘operation of the head, which will occur if
t he processw?g"{1 78Eearrl ed out in the order of arri vaI PCTIRISOZ | | o

requests (#1, #2, ...), can be prevented and 25 in turn the respective
seek times can be reduced. As Y@ 97/ 16783 :

PCT/ JP96/ 03109 _ 9 the al gorithm
'of the head scheduling, many algorithns are - known. These are
mentioned i n debacomes the timedf the amount OFi omeéd  rotatelion iatg thest ens”,
Addi son \Wesl ey, pp. 360-372, 1990. 5 Al'l of "Reddy
93", "Gemmel 9daximns." Chen : 93" are predicated on the assunption
the use of a SCAN algorithm therefore are able to suppress the seek’”

tinme. Accordingly, iHowevergssinoe few! svtual [Giske’ atildkecthis
t he overhead and guarantee a hi gher performance in .10 conparison with

"Anderson 92" améchEangmp £8'may be that the assumptivietar “Re@ayonBy thing
whi ch t he SCAN al gorithm can suppress is the seek time. No allusion
5 is not realistioc.
On the other hand, "Gemmel 94" adopts a

method of estinﬁting the overhead by always adding fhe
maximum value as a result of considering that the
rotational delay is an amount foxr which control and

10 prediction are impossible. This is safe but there is a
lot of waste, which poses a problem. Further, "Chen 93"
treats tha.rotational delay as a negligible correction
texrm, but this is not realistic. For example, in the
recent high speed disks, the rotation c&ule is 8.3 mS,

15 while if the SCAN algorithm is usaﬁ, the maximum value
of tha seek time can be suppressed to about 6 ms or
less. Therefore the rotational delay is d&ninant.
Furtherxr, from the viewpoints of the air resistance and
the consumed electriq power of the motor and resultant

20 heat generated, it is-ditticult to ezpect_anj epoqh—
making improvements in the_iot;tioﬁai speed from this
point onward. The reduction of the rotational dslay is ,
-the biggest problem which should be solvad.

It is also pointed out that in the usual :E;Lla

25 system for computers, the rednotion of tho rotational



has yet been nade up to now about reduction of the . rotational delay
tie, 15 "Reddy 930 assupes that a special function
‘referred to as a zero |l atency access mechani sm exi st s i n the .di sk.
The zero | atency access nechanismis a - ' met hod.in whieh the data in

successi vely en from . the mddle of the data a
ti me when thghﬁégﬁﬁ% reaches the desired track and thePFﬁgﬁghﬁh%orflon

of the data mhlch was not in tine is read again when the di sk
rotates one tinme and that portion returns.11 Accordingly, when the

di sk rotates one tine, the desired data can be all reliably read and
therefore the 25 total of the rotational delay and the access of data
WD 97/ 16783 delay is important. S. Ng, "Improviiy /DiaksParfotmance

10 becones the tinme of the anbunt of one rotation at the

However, since fGumanunehcjlBtdnanmdn'zeIs!Esrransactﬂuumhanle&mPuteﬂiy be

t hat" the assunption in "Reddy 93" 5 Is not realistic.

On the ot her han®¥ol.Gé0peNo94l, alammaryal99l, ppaeidced 30f, a9vdlmati ng t he
over head by al ways addi ng the maxi mum val ue as a result of

consi deri ng that (hegeinafter referred to as "Ng 91") mentions a method

5 of reducing the average rotational delay time at the
time of a read opeiation by the method of prepariﬁg a
copy of the data shifted in phase in the rotational
direction etc. However, it is difficult to apply this
method for multimedia applications which 1nv91ve a huge

10 amount of data.

DISCLOSURE OF INVENTION
An object of the pressent invention is to provide a
method and appnrafus for oontrolling acocess to a
15 redording disk whioch can realize a high speed random
access while maintaining the real time property by
suppreséing both of the seek time and the rotational
delay time. Such # ﬁathod ofloontrolling access to a
recording'&ilk and an apparutu;'therefor are preferred
20 as the storage for multimedia data, demand for which
" has beeh'incréaﬁing. |
A method for controlling access to a recording
disk of the present 1nvent1§n date:mines'a askew s; tha£
a rotafionii'dé;ay time at an aveiage distance o¥

25 movement when a head accesses the recording disk



rotational delay is an anount for which control and 10 : prediction are
| npossible. This is safe but there is a | ot of waste, which poses a
probl'em Further, "Chen 93" treats the rotational -delay as a

negl i gi bl e_cor i'on term but this is not realistj xanpl e,'
in the W%”{’g@ént hi gh speed di sks, the rotation cycl e%"?@s'ﬂ% “15
.while if the SCAN algorithmis used, the maxi num val ue of the seek
ti me can be suppressed to about 6 nms or 12 | ess. Therefore the
rotational delay is dom nant. Further, fromthe viewpoints of the
air resistance and the consuned el ectric power of the notor and
resultant 20 bebomessgsherti oisterminesdithisi position e ac idatay badpokh-
maki ng i nprovenents in the rotational speed fromthis poi nt onwar d.
The reducti on oh the retardimgl dlki basedl on at lésshitlpedetarained whi ch
shoul d be sol ved. It is also pointed out that in the
usual file 25skewsysthadfbes canuxdars oft Acplerality o finput ddkkt i onal
WD 97/ 16783 PCT/ JP96/ 03109
11 del apcess Mpquasts . sd.thdt ahl amoant ngf Dhovenrdny ef ahec
Vi a Latency Reduction”, |EEE Transactions on Conputers, Vol . 40, No.
1, Januarys 199heagpbedtmes J8pal DRt the time of access with respect
to the recording disk by the head; and pexrforms the
access to the recording disk by the head based on the
result of the scheduling.
Further, the method of controlling access to a
10 recording disk of the present invention prefei-ably has
the determination of the position of the data block on
the racording disk carried out based on a gap
indicating an angular difference between the start and
the end in the same data block in addition to the skew.
15  Further, the method of controlling access to a
recording disk of the present invention preferably
provides data of a plurality of combinations of the
skew and the gaps and has the combination data
selectively used in accordance with the position on the
20 recording disk,
Further, the method of controlling access to a
recording disk of the present_: invention changes thg
size of the data block so that the gap is constant over
the entire region from the outside to the inside of the

25 recording disk.



(hereinafter referred to as "Ng 91") nentions a method 5 of reducing

- the_average rotational delay .tine _at the tinge of a read operation by
t he nethod of preparing a copy of the data shifted in .phase in the
rotati onal direction etc.” However, it is difficult to apply this

met hod for nw(;;.m%%a appl i cati ons which involve a huge 10"”’6‘?’5@#‘% of

dat a. DI SCLOSURE OF | NVENTI ON AN~ 0 of fhe
- present invention is to provide a nmet hod and apparatus for
controlling access to a 15 recordi ng disk which can realize a high speed
random access while maintaining the real tine property by
suppressing both of the seek tine and the rotational del ay tine.
Such a net hod of cont r Burther acthes method of contralddmg mgodssktanal an
apparatus therefor are preferred 20 as the storage for nultinedia data,
demand for whi ch recordingadisiccof ither preseyt invention preférxablirod for
controlling access to a recording di sk of the present invention
det erm nes a skeWetermines the skew dax accondance|with itie ahangecofrthe
di stance of 25 novenent when a head accesses the recording disk
WO 97/ 16783 gap of the data block generated dusP@h APfdffeiesSce of
5 radius of the recording't:nak.
Further, the method of controlling access to a
recording disk of the present invention preferably has
the scheduling change the order of a plurality of
requests for disk access so that they are arranged in
10 order from the nearest one on when the recording head
is moved from the current position toward an inner
circumference or outer circumference of the recording
disk and has the daterﬁination of the position of the
data block on the recording disk determine the skew and
15 gap so that a difference between a delay time Td(L)
given by the following Equation (2) and a seek time
Ts(L) near an average seek distance La given by the
following Equation (3) becomes sufficiently small in

comparison with the rotation cycle:

20 TA(L)=(L-Bo-Os+6g+2n1) /& (2)
La=Lt/(N-1) (3)
whére, L is a seek distanoe in units of the

numbex 6£ cylinderxs:
" Bo is a number of data block existing

25 in one cylinder;



12 beconmes short; determ nes the position of a data bl ock --on
the recordi ng di sk based on at |east. the determ ned skew, schedul es
an order of a plurality of input disk access requests so that an

anount of Gkﬁﬁﬂﬁﬂﬁ of the 5 head beconmes smal |l at thegk*ﬂg*ﬁﬁuﬁccess
erfo

W th respect to the recording disk by the head; and™ rns the
-access to the recording disk by the head based on the result of the
schedul i ng. Further, the netpsd of controlling access to a 10
recordi ng di sk of the present invention preferably has t he
determ nation of the position of the data bl ock on t he recordi ng di sk
carried out based on a gap O 13 @askay in units of dediemssce bet ween
the start and the end in the sane data block in addition to the skew
15 Further, the method &g isomt g8pl inqundts of wadians; recordi ng
di sk of the present invention preferably provi des data of a plurality
of conbi nations of the skewisna rbtatiposalhmpded (HMadianfiseodti on dat a
sel ectively used in accordance with the position on the 20 recordi ng
di sk. Furt her, theofethedddskeontrolling access to a
recordi ng di sk of the present invention changes the size of the data
bl ock so tshat the gap is const akt dscthe maxinum waiuve off g¢heon fromt he
outside to the inside of the 25 recordi ng di sk.

' distance bstween access positions of

the two ends when arfinging the
access reguasts in order in unitg of
the number of cylinders;'
10 N is the number of acocesses to be
simultansously processed; and,
m is selected so as to become the
smallest within a range where Td(ﬁ)
exceeds the seek time Ts{L) at the
15 _ seek distance L.

Further, the method §£ controlling acéess to a
recording disk of the present invention pererably has
the scheduling change the order of a plurality of
roqnosté,tor disk access so that they'a:e arranged* in

20 the order of appearance uhén the head is mdyad fiom the
| current position toqa;d_the inner circun:erenoe or
outer circumference of the r@qording disﬁ and has tye
 getermination of the position of the data block on the
recording disk determine the skew and gap so that the

25 delay time Ta(L) given by the following Equation (4) is
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13 Eurther t ofm ] ' - - -
recording disk of the present invention preferably . determ nes' t he
skew i n accordance with the change of the gap of the data bl ock
generated d | fference of 5 radi us of the recokg k. _
Furt her, thﬁe%@ﬁﬁof controlling access to a recorrgjir}r%ggéc??gé of the
present invention preferably has t he schedul i ng change the order of
a plurality of requests for disk adBess so that they are arranged in
10 order fromthe nearest one on when the recordi ng head I's noved
fromthe current position toward an inner ci rcunference or outer

ci rcunference ofakways 405g8Fnkhan the seek tima FREL)} RAGENS i nation of the
position of the data bl ock on the recording disk determ ne the skew
and 15 gap Sififierenge petuwsen the)dejay,timeTd(L) iand the peek gi ven
by the follow ng Equation (2) and a seek tine Ts(L) near an average
seek distance L&ime 28(E) bpeomes suffiglepilygsmalh i SOmMPRIZSEBES

sufficiently small in conparison with the rotation cycle: 20

Td(L) = (L. Bc+[ ariths ther rpgatien oyedes) (2)
5 Ta(L)=(L-Bc-Os+6g) /0 | (4)

Purther, the method of controlling access to a
recording diak of the present invention preferably has
the memory disk divided into first regions used when
the head moves from the inner circumference go the outer

10 circumference and second regions used when tﬁé head moves
f£from the outer circumference to the inner ocircumference;
has the determination of the position of the data bloock
on the recording disk determine the optimum skew and
gap in the reépective regions based on the direction of

15 movement of the head:; and has the scheduling
selectively access only the first and second regions in
accordance with the diiaction of movement 6! the head.

Further, the method of controlling access to a
racording disk of ths present invention p:eferablf has

20 theirirhi regions and the second regions on th§ |
recording disk divide the disk into a plurality of at
least two portions along the radial direction and has
both of the f£irst regions and second regions allocated
g0 as to be dispersed from the innermost circunferaﬁéﬁn

25 to the outermost circumference on the disk.



La=Lt/ (N-1) _ (3) | ' wher e, L is a seek

distance in units of the . ' nunber of cylinders;

Bc is a nunber of data black existing 25 3 in one
cyl i nder; " WO 97/ 16783 : '

PCT/ JP96/ 0&'&!{3!16783 14 PCT/JP96/03109 -
Jerr]s is a skewin units of radians; [err]g is a
gap in units of radians; ~ 16 [err] is a rotational
speed (radi an/ sec) of the disk; 5

"Lt is the maxi mum val ue of the di stance between
access positions of The apparatus for controllifig auSes o @en arrangi ng

t he access requests in order in units of

the nunber of xe@cotddiny disR of the present inventidhilas he skewer of
accesses to be simul taneously processed; and,
mis sel ected dsterminihgCRésns for determining the skew so tHEY kel Within
a range where Td(L) exceeds the seek tinme Ts(L) at.
the 15 rotational delayefinéhdﬁiruheaba:age distance ofirther, the

met hod of controlling access to a
5 movement when the head accesses the recording disk

becomes short; a data block arranging means for
determining the position of a data block on the
recording disk based on at lsast the detexningd skew;
and a scheduling means for scheduling the order of a

10 plurality of input disk access requests =mo that the
amount of movement of the head becomes small #t the
time of access of the recording disk by the head,
wherein the head pe:forps the aoccess to the recording
disk by the head based on the results of the scheduling.

15 ~ Further, the apparatus for eontrolling access to |
a recoxrding disk of the present invention preferably
has the data block arranging means perto:m'thq
arrangement based on a gap indicating the angular
difference between the start and the gnd;;n the same

20 data block in addition to the skew. -

Further, the apparatus for céntrolling access to

a recording disk of the pragent invention prefa:ably
has the data blook arrangihg means have data on a -
plurality of combinations of the skew and the gﬁp; and

25 selectively use the combination data in accordance with



recordi ng di sk of the present invention preferably has t he schedul i ng

change the order of a plurality of_ requests for di sk access _so.that
they are arranged* in 20 t he order of appearance.when the head is.noved
fromthe current position toward the inner circunference or

outer circunf the recording di sk and has the rm onation
of the positi%ﬁsgﬁﬁ?ﬁé data bl ock on the recordi ng digg%hg%ﬂ*HPne' ,
t he skew and gap so that the 25 delay time Td(L) given by the foll ow ng

Equation (4) is WO 97/16783 17

PCT/ JP96/ 03109 15 al ways | onger
than the seek tinme Ts(L) and the di fference between the delay tine
Td(L) and the seelthe positipnrofisthe demorddpgsdiskciently small in

conpari son . with the rotation cycle: 5

Td(L)=(L[ err] Bc-[ err] s+Ferther/ [the Japparatus for controllingipccess to
Further, the nmethod of controlling access to a . recording disk of the
present invention reicerdihy dtsk of the pressmntoinvehtiondipretagabhyo fir st
regi ons used when t he head noves fromthe inner circunference to the

outer 10 ci r cUnmise thec datadbledio mtnangiogsmesesl ohanget thehgadanofes
fromthe outer circunference to the inner circunference; _

5 the data block so that the gap is constant over the
entire region from the outside to the inside of fhe
recording disk.

Further, the'appaiatus for dontrolling access to
a recording disk of the present invention prgferably
10 has the skew determining means determine the éken in
acocordance with the change of the gap of the data block
generated due to a difference of the radius of the
reoofding track.
rnrfher, the apparatus for controlling aooess.to
15 a rbcording disk of the present invention prefer#bly
has the schahuling means change the order of a
plurality of requests for disk access so that they are
arrﬁngad in order from the nearest one on when the
zecordihg head is moved from the current position
20 toward an inner circumference or outer circumference of
the recording disk and has the data block arranging
means determine the skew and gap so that a difference
between a delay time TA(L) given by the following
Equation (5) and a seek time Ts(L) near an_averiée'seek

25 distance La given by the following Equation (6) becomes



has the determ nation of the position of the data bl ock on the
recordi ng disk determ ne the opti num skew and gap in the respective
regions based on the direction of 15 movenent of the head; and has the
. schedul i ng selectively access only the first and second regions in
accor dance W@ ¥MSt83e direction of novement of the head. PCT/IPI6A3I09 -
JFurther, the nmethod of controlling access to a recordi ng di sk of the
present invention preferably has 20 hige first regions and the second
regions on the recording disk divide the disk into a plurality of at
| east two portions along the radial direction and has both of the

first regions ghfeMeaent1yCSnals fh | Sufafison withSEhaSréfaiotlicialescd
fromthe innernost circunference 25 “to the outernost circunference on

t he di sk. WOr¢£.3 8 (EBc-Os+6g+2miT) /0 (s)

PCT/ JP96/ 03109 16 The
apparatus for controlpas=ng/fRCEys to a recordi ng (gysk of the present
i nvention has a skew determ ni ng neans for determ ning the skew so

that the rot at iyfiade, del ayy, tisT deekhaid¥ehad oLl Se0khe 5
novenent when the head accesses the recording di sk’ beconmes short; a
data bl ockgarrangi ng nmeans for pumber of cylinders;
Bc is a number of data blocks
existing in one oylinder;
Os is a skew in units of radians;
Og is a gaplip units of radians;
10 ® is a rotational speed (radian/sec) of
the disk; |
Lt is the maximum value of the
distance between access posifions of
the two ands when arranging the
15 _ | access requests in order 1# unitslof_
the number of cyliners:
N is the number of accos;as tq be
simultaneously p:oceiséd: and, |
m is selectedlso as to become tha-
20 | | smallest within # raﬁge.uﬁare Td(L)
exceeds fhe seek tin; Tas(L) ;t the_
seek.distanoe L. : .
Furthexr, the apparatus for controlling-aqdess to
a recording disk of the present invention p:?fgrgbly

25 has the scheduling means change the order of a



determining the position of a data bl ock on the ' recordi ng di sk based
on at |east the determ ned skew, ° and a scheduling neans for .
schedulTng the order of a 10 plurality of input disk access requests SO
that the. anount of novenent of the head becomes small at the

time of accesg of the recording disk by the head, wherein the head
performs the YORYE 4 the recording di sk by the headTAZTHR ¢ e
results of the scheduling. 15 Further, the apparatus for
controlling access to a recordi ng dijgk of the present invention
preferably has the data bl ock arranging neans performthe
arrangenent based on a gap indicating the angul ar di ff-erence bet ween
the start and thepkafality vf Yughests for ddisk cvelss BoatHati eley Gardie
skew. Further, the apparatus for controlling access to

a recording disk ahmgewrﬂﬁame oDt b NapPcixlindal When the Héda ) data

bl ock arrangi ng neans have data on.a _ plurality of conbinations of -
the skew and the gopédafitom The eu&ehaﬁtpuﬂww&omeaceﬁblmﬁéﬁn data in
accordance with WD 97/ 16783

PCT/ JP96/ 03109  oircumference or outer circumferencé’/of the redd¥afisition
on the recording disk.

5 disk and has the data block arranging means determine

the skew and gap so that the delay time TA(L) given by
the followiqg Equation (7) is always longer than the
seek time Ts(L) and the difference between the de;;y
time TA(L) and the aeek time Ts(L) becomes qufficiently
10 small in comparison with the rotation oyole..
Td(L)=(L-Bc-08+0g) /0 (7)
Purthexr, the apparatus for controlling access to
a recording disk of the present invention preferably
has the.meno:y.disk divided 1nto £1rst regions used
15 when the head moves from the inner circumference to the
| outer circumference and agcond regions used when the
head moves from the outer circumference to the inner
circunférence: hﬁa th? data block a:rnnging means
determine the optiﬁum skew and gap in the respective
20 -regibns based on the direction of movement of the heaﬁ}
and has the achadnling means selectively access only
tha first and second regions in accordance with the
direction of novament of tha head.
Further, the S@pardtus for eont:olling-aoﬁeQa fo

25 a recording disk of the present invention preferably



Further, the apparatus for controlling access to__ _ a recording di sk of
the present invention preferably has the data bl ock arrangi ng neans
change the size of 5 the data bl ock so that the gap is constant over
“the entire region fromthe outside to the inside of the

recordi ng dV@#7/16783 Further, the apparatus for coREFIRNHE actess
,to a recording disk of the present invention preferably 10 has

t he skew determ ning neans determ ne the gkew in accordance with the
change of the gap of the data bl ock generated due to a difference of
the radius of the recordi ng track. Further, the

apparatus for ceis'€hé ifics¥ Geylons and thé désotd ixegidnskofif thee present
i nvention preferably has t he schedul i ng nmeans change the order of a:

plurality of refecsiaidg atlic diviaesthecaisietintcya Plerality ofifagnged in
order fromthe nearest one on when the recording head is noved from ’

the current posiéa®® twd portions d16iigi tHe rddilll ¥iSeti0nOandUhes ,
ci rcunf erence of the recording disk and has the data bl ock arranging

nmeans det er m nepdile K Mhe TGP ragibhat ava didddtic 1egions a11664¥EEN 2
delay time Td(L) given by the foll ow ng Equation (5) and a seek tine

Ts(L) nearsan oys'&dces WK dispersedi £i6d CEhd Artieftidsty cilbeuhfbrenbe J
Equation (6) becones
to the outermost circumference on the disk.

In the method of controlling access to a
recoiuing disk of the present invention and the
apparatus therefor, when arranging the data blocks, the

10  blocks are arranged shifted in the circumferential
direction (given a skew), therefore control can be
carried out so that the start of the desired data does
not pass the position of the hsad during the seek
operation. For this reason, it is not necessary to wait

15  for the time until the start of the desired data
returns again, both of the seek time and the rotational
delay time are suppressed low, and a rand;m access ocan
be realized at a high speed nhile mainta;ning the real
time property. '

20 Further, in the method of conf:olling access to a
recording disk of the present invention and the |
apparatus thereof, the skew is chapged between the
regions used when the head move§ from the outﬁr |
oircumference to the-inngr circumfereénce and the

25 regions used when the head moves from the inner
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18 sufficiently small in _conparison with the rotation_cycle:
Td(L)=(L. Bc. [err]s+[err]g+2n1I)/[err] .. - (9) .

La=Lt/ (N-1) (6) wher e, L is a seek
di stance in upit t he nunber of cylinders;

Bc is a nunbevot?f%%é?a bl ocks exi stRGTPPHO3300 -
cylinder; [err]s in a skew in units of radians;
[err]g is a gap in units of radi ans; 10 g3 [err] is a
rotational speed (radian/sec) of t he di sk;

Lt is the maxi num val ue of the . di stance bwt ween
access positions afroumference to the outer circhmférencd,dwhdr@byeithangi ng
the 15 access requests in order in units of

t he nunber of cyloptianm skew can be given irrespectivé Sof RthedWik@otbn
accesses to be si nul t aneousl y processed; and,

mis sel ected soO g5 novementToft tive Idhd. smal l est within
a range where Td(L) _ exceeds the seek tine Ts(L) at
t he seek di stance L. Further, the
apparatus for controlling access to a recording dISk of the present

i nvention preferably BRIEF DESCRIPTION OF DRAWINGS
These and other objects and features of the present
invention will become more apparent from the following |
description of the preferred embodiments given with
reference to the attached drawings, in which:
10 | Fig. 1-13 a diagram for explaining the'ialafed axrt;
Fig. 2 is a block diagram of the configuration of
an apparatus for oontrolling access to a recoxding digk
according to a first embodiment of the present invention:
-rig. 3is a flén chart for explaining the
15 'prdbessing in the block allocator shown in Fig. 2:
Fig. 4 is a flow chart for explaining the
processing in the aoheduler shoun in Fig. 2;
rig. 5is a graph showing a relationship between a
seek tima and seek distance of a drive;
20 Fig. 6 i3 a dlagram for explaining a method of
arrangement of blocks on a disk by the block alidcator:
Fig. 7 is a chart for explaining the content of the
biock map: - | - o
Pig. 8 is a iiew-for-e:plaining the content-of tﬁe

25 proceassing at step 53 shown in Fig. 3;



25 has the schedul i ng means change the order of a WO 97/ 16783
PCT/ JP96/ 03109 — } 19 plurality of
requests for disk access so that they are arranged in the order of -
appear ance when the head is noved fromthe current position toward
the i nner WO9716783 r cunf erence or outer circunference of tHeTHROBNM ng- 5
di sk and has the data bl ock arrangi ng neans determ ne t he skew and
gap so that the delay tinme Td(L) given bﬁz the foll owi ng Equation (7)
Is always | onger than the . seek time Ts(L) and the difference between
t he del ay time Td(L) and the seek tinme Ts(L) becones sufficiently

10 small in conpariggy W s ahgraphatdPexkiidifiing the content of the
Td(L)=(L.Bc.[err]s+err g)/[err]g #a ¢ (7)

Further, the a%@émj@m@%b@ BHowsS COS ¥l 3; a recording disk of
t he present invention preferably has the menory di sk divided into

first regions used ¥ag. 10'9% ahgrifAleer \@ipla1ainghehaNooérrédd UK erence
to the outer circunference and second regions used when the

head noves fromthee@Uidre Hoti o2 @RECsbex [difa ithe rotationali A61EY T ence;
has the data bl ock arrangi ng neans determ ne the opti mum skew and

gap in thegrespgedidsnsidered;

.Pigs. 11A, 11B and 11C are views for exp1a1n1n§ one
example of distribution of accesses on the disk;
Fig. 12 is a graph for explaining the overhead in
a conventional SCAN algorithm; |
10 Fig. 13 is a graph for explaining the relationship
between a seek distance L and a delay in a case of
using an upward convex function enveloping a sawtooth
function;
Fig. 14 is a view for explaining the processing in
15 the block alloocator of the apparatus for cohtrollipg
access to a recording disk according to a second |
embodiment of the present invention; |
Fig. 15 is a flow chart for explaining the
processing of the block allocator in the apparatus forxr
20 controlling access to a recording di-k shown in Pig.
14; and | _
Fig. 16 is a chart for explaining the content of
the block map in the apparatus for éontroll;ng aocéls
to a recording disk shown in Fig.: 13.

25



20 regi ons based on the direction of novenent of the head; and
has the schedul i ng means sel ectively access only the_first and
second regions:in accordance with the . direction of novenent of. the
head. - Further, the ‘apparatus for controlling. access to

a recordin the present invention preferabl 97/16783
PCT/JP96/0%1%6§§WR$ P P 20" ’ﬁ§§h¥ﬂ§°?|rst
regi ons and the second regions on the recordi ng di sk divide the disk
into a plurality of at | east two poggions along the radial direction
and has both of the first regions and second regions allocated 5
so as to be dispersed fromthe innernost circunference to the
out er nost ci rcunf er encBESTI MORE #FORK CARRYING OUT THE ANVENTIGNhOd oOf
~controlling access to a recordi ng disk of the present invention and
t he appar at us tBelaworan \explanationiwilX be datte bfothes mdtiod bF

bl ocks are arranged shifted in the circunferenti al direction (given
a skew), therefocenteollihgcsosodss to a recordimy disk accbbdingheo start of
the desired data does not pass the position of the head during the
seek’ oper atnbodiménts (¢f thec present t inventdionn ands sar gpparatus

5 thexrefor.
First embodiment
Figure 2 is a block diagram of a configuration of
an appafatus for controlling access to a recording disk
according to the present embodiment.

10 The apparatus for controlling access to.a
recording disk aoobrding to the present embodiment is
realized by operation of software in for example a
computer. Bach.bloak shown in Fig. 2 represents a main
progr;m module or main data structure.

15 A block'allooatér {(arranging means) 1 determines
how the data are arranged on a disk 5 based on a given
format parameter 10. The disk § may be, for example, a
mignetic disk, ﬁ nagn;to-optio (MO) disk, or a hard
disk (BDD) is nsed. |

20 ' The format parameter 10 includes the size of a
firat data block, the avarage-head movement distanoe La
when performing fhe SCAN'schadule, the seek time
function Ts(L) of fhe-a=ive té'be used., and the
physical format of the disk 5.

25 The average head movement distance La is given by



15 for the time until the start of the desired data returns again,

both of the seek tinme and the rotational delay tine are suppressed

| ow, and. a random access can - be realized at a high speed while

mai nt ai ni ng [ eal - time property. 20 ~ ° Further, in the

met hod of co‘%{;smqﬁg access to a recordi ng di sk of tH/PFPeaust -
invention and the apparatus thereof, the skew is changed between the
regi ons used when the head noves fromthe guter circunference to the

i nner circunference and the - 25 regi ons used when the head noves fromthe
I nner WO 97/ 16783

PCT/ JP96/ 03109 the following Equation (8) from the £btal numbesfi s€Unference
to the outer circunference, whereby the opti mum skew can-be given

irrespective of dyimliexacLitoof the Aisk AHY AHe hulkbeb'R H£2€he S
BRI EF DESCRI PTI ON OF DRAW NGS These and ot her objects and

features of the sucsmwes processedVbytowe sddn. become nore apparent fromthe
fol |l owi ng description of the preferred enbodi nents given with
reference to the attagaedtd(m¥aipgs, in which: (8)

5 The seek time Ts(L) of the drive is a funoction of
the seek distance L (number of cylinders). The value
thereof is determined by the mechaniocal characteristics
of the disk drive used. This example is shown in Pig.
5. How many access requests are processed togéthar by a

10 scan 1s.deternined by the nature of the appliéation
using this disk, the performance required there, the
amount of the buffer memory which can be used, etc. The

'1arger the number N of the access #equests to be
scanned together, the more improved the random access

15 performance of the disk, but fhare is a side effect
that the response time is increased as the amount of
the buffer memory reguired 1; increased. |

These format parameters 10 are determined by a
central processing unit (CPU) (mot illustrated)'hAving

20 a oonfrol program which manages fhe entire'sylten; and
these format parameters 10 are provided to the blook
allocator 1. In the example in which the present
embodiment is utilized for non-l;nea: editing, N = 10
and La = 300 ware given to the block d;loqatqt 1.”

25 Furthermore, the size of the first data block



10 Fig. 1 is a diagramfor explaining the related art;

Fig 2 is a block diagram of the configuration of an apparaLus_for
controlling access to a recording disk according to a first

enbodi ment of the present invention; Fig. 3is a flow chart
for explaini 5 processing in the block allocator | 1 g. 2;
Fig. 4is af ohﬂ g&t for explaining the processmgipﬁﬁﬁ%’g"IE -
schedul er shown in Fig. 2; Fig. 5is a graph showing a

rel ati onship between a seek time andsseek distance of a drive; 20
Fig. 6 is a diagram for explaining a nmethod of arrangenent of bl ocks
on a disk by the block allocator; Fig. 7 is a chart for

expl ai ni ng t he cosPTrespénds o one shpptchE ntmage data and is #&bout 4G a
view for explaining the content of the 25 processing at step S3 shown in

Fig. 3; WEBO {kikgigptes) in the ocase of the CCIR-601 format used in
PCT/JP96/ 03109 22 Fig. 9is
a graph for explabnongochﬁuunnﬂnwdooﬂ ebe. Of coumsecetbiagnumexiend S3 shown
in Fig. 3; Fig. 10 is a graph for explaining the overhead in

a case where bot hvalue hear duk fpeslyheet olntaanozidagcieayitd therpurpoms der ed;
5 and various requested speo:l.f:l.cat:l.ons.

The block allocator 1 determines at which
position on the disk 5 eaah block is to be placed based
on ihe given format parameter 10. In this example, one
block equalé one frame of an image, but of course the

10 fundamental concept 15 similar even with datﬁ obtained
by dividing an MPEG or other compressed image into
suitable lengths, or even with audio data.

The disk 5 can be accessed for every what is
noimally oalléd a “"sector™ region. One sector usually

15 has & size of from about 512 B (bytes) to about 4 XB. A
doughnut shaped region in which these sectors are
arranged in a circle is referred to as a "track”.
rurther,.tﬁe oylindriocal iegion obnprising the group of
the sﬁne tracié of'a superimposed plurality of magnetic

io media is referred to as a "oylindex"”. |

One block of tha video and audio data is usually
larger than one sector, tharafore the block alloocator 1
allocates a plurality of seotors £or eaah bloak Figure
5 ahovs a sinple e:ample of a case where there is one

25  magnetic medium. The portion indicated by the hatching o



Figs. 11A, 11B and 11C are views for explaining one exanpl e of
di stri-bution of accesses on the disk; . - Fi.g. 12 is a -graph for
expl ai ning the overhead in a conventional. SGAN al gorithm . 10

Fig. 13 is raph for explaining the relationship bef ween a seek
di stance L ‘iﬂ%@ b1y ay in a case of usi ng an upward m@?@?’ﬂ%cti‘on

envel oping a sawt oot h function; Fig. 14 is a view for
expl aining the processing in 15 the blpgk all ocator of the apparatus for
controlling access to a recording disk according to a second-
enbodi mrent of the present invention; - Fig. 15 is a flow chart
for explaining fheFig. 6, thakclsi ap ehtire dirmimfudemoa of ithet he
apparatus for 20 controlling access to a recording disk shown in Fig.
14; and track T1%, &l ithen selctorsf 50" ckel 8 ™Miof) thiec teaske R of _
the bl ock map in the apparatus for controlling access to a recording
di sk shown i n FogrréSpond@5Sto one block.\\InOothil$ /déample, since there
PCT/ JP96/ 03109 _ 23
is only one medium, a "track" and a "cylinder" have the
5 same meaning, but in the case of a disk drive in which
there are a plurality of magnetic media, if all parts
of the same cylinder are completely used, the blocks
are alloo;ted to use the adjoining cylinders.
The allocation to the sectors is carried out for
10 all blocks. The result thereof is written on a block
map 3, whereupon the role of the block alloocator 1
ends. The block allocator 1 designates a position of a
sactor by the set of the cylinder number, the media
number (which sheet of media), and the sector number.
15 However, in a drive of a SCSI (ANSI Small Computer
System Interface) specification, which has become the
most popular in recent yvears, serial numﬁera (local
sector numbers, called "logical biook addresses” in
SCSI, but here referred to as logical sector numbers so
20 as to avoid confusion with the video and audio data
blocks) are given to all sectors in the drive and these
are used to access the data. For this reason, the
correspondence between the logical sector numbers:

determined by the drive and the physical addresses,

25 that is, the cylinder numbers, media numbers, and



BEST MODE FOR CARRYI NG QUT THE | NVENTI ON : Bel ow, an expl anati on
wi |l he nade of the npethod of —oontL ol lng-access to a recording.disk
according to enbodi ments of the present invention and an apparat us

5 therefor. " First enbodi nent Figure 2 is a

bl ock di agra nfiguration of an apparatus for I.ng
access to a %ﬂ‘?\% di sk according to the present e%@%%%‘t“; 10
The apparatus for controlling access to a recordi ng di sk accordi ng
to the present enbodinent is real i ze@7by operation of software in
for exanple a conmputer. Each block shown in Fig. 2 represents a main
program nodul e or main data structure. 15 A bl ock all ocator
(arrangi ng means) %e¢fermumhers, is preliminarily.sgovedrimrmy@bysicaldi sk 5
based on a given format paraneter 10. The disk 5 may be, for -exanple,
a ~ magnetic drddress kahie: d-oFhe cblogl alilokator i ¢emverts thedi sk
(HDD) is used. 20 The format paraneter 10 includes the size of a
first data bl ock, defired physisaidjaddtess fio dhet ingical sector number
perfarm ng the SCAN schedul e, the seek tine function Ts(L) of the
drive to be used, dgkprmned by the §CST grefiesxing 50 the physidml 25

The average head novenent distance La is given by
5 address table 7 and enters this on the block map 3.

Figure 7 shows an example of a bldck map. The
information oorraspondiﬁg to the block "0* corresponds to
the hatching portion of Fig. 6. |

On the other hand, the scheduler 2 operates as

10 follows. First, the CPU for managing the-eniire system
determines the schedule parameter 20 and provides the |
schedule parameter 20 to the scheduler 2. The schedule
parameter 20 includes a constant N indicating how manf
'aocess reqﬁests are prooaﬁsed together by one séan.

15 ' When the operator instructs the start of
reproduction of a motion picture image recorded on the
disk 5, the not illustrated CPU having a suitable
controi prograh.issﬁas.rBQuests.for access to the
bloéis in which the images constituting the motiom

20 pi&tﬁre 1ﬁage'iru stored for every image. These acce#s
reqﬁesfs 40 are stoied'in thé access request buffer 4.
Tﬁe schedﬁieinz.sequentiaily takes out N number of
access req;eitsfla stored in the access request buffer
i frém tﬁé.aéo;aq réqueﬁténuhioh'arrived earlier, fiﬁ&i

25 the positions of the data corresponding to these



WO 97/ 16783 ' ) PCT/ JP96/ 03109
24 the follow ng Equation (8) fromthe total nunber -of
cylinders Lt of the disk and the number N of the ' accesses processed

by one scange La=Lt/ (N-1) Jpog/ated 8)- 5
The seek tpﬁgg#g?f3 of the drive is a function of t?ﬁ?seek di stance

.L (nunber of cylinders). The val ue t hereof is determined by the
mechani cal characteristics ' of the @Bsk drive used. This exanple is
shown in Fig. 5. How many access requests are processed together by
'a 10 scan is determned by the nature of the application usi ng
this disk, the peauestsnes the digk & raferripg to the blpgk,may 3.ne puffer
menory which can be used, etc. The | arger the nunber N of the access
requests to be changessthaepdepRf e aceesg requests A that thedom access-
15 performance of the disk, but there is a side effect t hat t he
response tine i smoyatcgfcyousment ofintha hepd becomes Hghe) mimdmum, gnd
required is increased. These format paraneters 10 are

det erni ned by agenerategcan ipstyugislon for mcceserty thedisk Jst TReed)
having 20 a control program which manages the entire system and

these forndt padastractiop £px Hhe\aqress 45 padp tematch the,| | gcator 1. In

the exanple in which the present
external interface of the disk drive, and therefore is

converted to the SCSI protocol by the SCSI device
driver 6 and is then transferred to the disk 5. The
data read from the disk 5 is stored tempérally in the

10 data buffer 8 and further tranaferred to the video
interface of the apparatus.

When the operator instruots the recording of data

representing motion picture images, the not illustrated
CPU ha#ing a suitable control program issues requests for

15 accgss'to the block in which the images constituting the
motion picture image are stored for every inagé. Thase
acoess requests 40 are stored in the_acoe;s request
buffer 4. At the san§ time, tha.inage dnt§ 80
cénstituting the motion picture are transferred from a

20 §1dao interface (mot shown). to the data buffer 8, aﬁd
such image data 80 is temporally stdrad-in £he data |
buffexr 8._Thg snhedulai 2 sequentially takes out.n
pumber of acocess regquests 4o.§tored in the acgenﬁ
request buffer 4 from the access requestg which arrived

25  earlier. Next the scheduler 2 f£inds on the disk 5 the



enbodiment is utilized for non-linear editing,. N = 10 _ and La = 300
were given to the bl ack aLI_nrm a1 25 Eurthernmore  the size of—the — _.
first data bl ock o WO 97/ 16783 y _
PCT/ JP96/ 03109 25 " .. corresponds to
one sheet of ata and is about 700 ‘KB (ki | obyt | case
of the CCR- gﬁorsrgmt used in broadcasting stati ons@M’H’gourse
this numeri cal val ue can be freely set in accordance with the

© pur pose 5 and various requested spcifReations. The bl ock
all ocator 1 determ nes at which position on the disk 5 each block is
to be placed based on the given format paraneter 10. In this

. exanpl e, one posifign ofkhesdate 99rEAsSPORAing hegthedn reguests:, se t he

10 fundanmental concept - is simlar even with data obtained by :
di vi di ng an MPEG xsafenmiag tonfhesbleck mage 3i.nfp additiomuithwbl e | engths, or
even with audi o dat a. The disk 5 can be accessed for every

what is novchedulers 2| uaasesmmrdecgpﬁnthm cequesss| o 15

has a size of fromabout 512 B (bytes) to about 4 KB. A doughnut
shaped region in Wtﬁkhé!‘&%&c‘?%mt of therkeadjcedomen thecle is

referred to as a "track" .
5 minimum, and generates an instruction for access of the

disk 5. The instruction for the access is made to match
the external intertade of the disk drive, and therefore
is converted to the SCSI protocol by the SCSI device
driver 6 and is fhen transferred to the diak.s.

10 Below, a detailed explanation will be made of the
operation of the bloock allocator 1.

As the format parameter 10 in Fig. 2, when the size
of éne biook, tﬁe average distanca of movement of the
head La when performing the SCAN schedule, the seek

i; tiime function Ta(L) of the drive to be used, the
physiqal format of the disk 5 (number of .cylinders,
number of sectors in one track, and number of media
oonstitnting tha cylindar) are given, the bloock
allocator 1 determines the position of each block on

20 the disk 5 by the procedures of steps S1 to S5 shown in
Fig. 3. | | |

| At step 51, it is oaloulated how many blocks of the
.1nage axist in one cylinder (Bc) The total number of the
sectors in one cylindar is obtained by multiplying the

25 numbexr of sectors in the track by the number of the



Further, the cylindrical region cohprising t he group of the same - __
tracks of a suprinposed plurality . of .magnetic 20 nedia is referred to as
a "cylinder". One bl ock,of - thée video and. audi o data is usually

| arger than tor, therefore the block allocator ates a
plurality o?8§§@§ s for each block. Figure 5 shomsPET@Tﬁ%? exanpl e
of a case where there is one 25 magneti ¢ nedi um The portion indicated
by the hatching WO 97/ 16783 30

PCT/ JP96/ 03109 _ 26 in Fig. 6,

that is, an entire circunference of the track "1", and the sectors
"0" to "6" of theediackiiéi this is diwvidedchby the anmbaroolf sectbitss
exanpl e, since there is only one nmedium a "track"” and a "cylinder"
have the 5 neneEssEry ifuy storing bhe bleek B idi Foutdi.ve i n which
there are a plurality of magnetic nmedia, if all parts of the sanme

cylinder are conpl et elhagmh Sghdsbifouhd at step B2 AHeogapedst ¢thase t he
adj oi ning cyl i nders. The allocation to the sectors is carried

out for 10 aahgtlier kdiffexances betwsnr thé iending sectofr andl €B&
map 3, whereupon the role of the block allocator 1 ends. The bl ock
al | ocat or 1sdesi gimarssectmsidt cheobleck. As amsaotample), fihcthet oaset he
cyl i nder nunber, the nedia
of the block indicated by hatching in FPig. 6, the start
is the sector "0" of the track "1", and the end is tﬂa
sector "6" of the track '2'; therefore the gap €g is
5/12ths of the ciroumference, that is, 51n/6 radian.

10 The skew O8 is found at step S3 based 6# the above
data. Here, fhe skew Os means the angular difference in
the circumferential direction between heads of adjoining
blocks. First, by using the position of the head when the
reading of a certain block is ended as the start point.

15 when represented by an equntion, the time Ta(L) until the
head of the data reaches the same angle in the
circumferential direction at the position where the head
has moved from the start point by an amount of L
oylinders, the following Equation (9) is obtained:

20 o .-g.;(n)-(t.-ac-es+eg+.z-n'n)Ico.. - ) (9)

where, L 1# the seek distance in units of
the nnmbers of cylindars-
Be is the nnmber of blocks existing in
one cylinder'

25 : Os is the skew in units of radians;



nunber (which sheet of nedia), and the sector nunber. 15 However, in a

drive aof a SCSI_(ANSI Sppll Conputer. . System I nterface)
speci fication,- whi ch has becone the nost popul ar in recent years,
serial nunbers (I ocal sector nunbers, call'ed "l ogical block

adresses” iNn woomnenedCol, but here referred to as logical sector nunbers so
20 as to avol d 8ORfusion with the video and audio data  PCTAPISU3ORs) -

are given to all sectors in the drive and these are used to access

t he data. ‘For this reason, the corresppndence between the | ogical
sector nunbers determ ned by the drive and the physical addresses,
25 that is, the cylinder nunbers, nedia nunbers, and WO 97/ 16783
PCT/ JP96/ 03109. Bg is the gap in ¥hits of radfsitsO'
nunbers, is prelimnarily stored in a physical - address table 7. The
bl ock allocator 1 converts the '@ isdtBe Ifstativwalabpadd’ ess to the

| ogi cal sector nunber . determ ned by the SCSI ?erring to the

physi cal 5 address table 7 and ¢oadisnfdec) of th& elsxk &b 3.

Figure 7 shows an emanpl e of a block map. The . information

corresponding to the block "0" correspory tinteger whété T ivaboR@s! i ON
of Flg. 6 5 positive.
Figure 8 explains the meaning of Eguation (9) on
the disk. |
In'rig. 8, assume that the access of the block "0"

has just been ended. Assume that the head is located in

10 the direction of the angle 70 when seen fren.the
center. Now, when desiring to access the same block "0O"
again, it is necessary to wait until the disk rotates
exactly by the amount of the gap Og, therefore the
delay time of 95/0 is caused.

15 ' Further, for the head of the block "n", it is
necessary to wait until the disk rotates exactly by the
angle of the sum of the gap Og of the block "0" and n
number of blocks worth of skew (nOs). This takes nBs/w
worth of ﬁima. Since the disk is rotating, the start of

20 the data reaehes the position at which the head placed

| at a tine obtained by adding a uhole nultiple of the
rotatien cycle to the time obtained in this way. When
the head moves by n number of blocks, this corresponds
to novement of n/Bo eylinders in terms of the number of

25 cylinders, therefore when drawing a graph while



On the ot her hand, the schedul er 2 operates as 10 follows. First, the
CPU for managing the entire system - . determ nes the schedul e paraneter
20 and: provi des the schedul e parameter 20 to the scheduler 2. The
schedul e wo?mﬂ:'}?i aneter 20 includes a constant N indi catl;agmg%ﬁmany_
access requesfs are processed together by one scan. 15 en the
-operator instructs the start of reproduction of a notion picture
i mage recorded on the disk 5, the 3wt illustrated CPU having a
sui tabl e control programissues requests for access to the
bl ocks in which the imges constituting the notion 20 pi cture image are
stored for everplottijng theunber-of cylindersprdihe sdsgdesetsndd in the
access request buffer 4. The schedul er 2 sequentially takes out N
nunber of Platting the dskay Adme: untdli the mtanic des reaghedt obuf f er
4 fromthe access requests which arrived earlier, finds 25 t he
posi tions of ththedacrdinetes®igl 9 isoobketned. The lanfe/thé/SRew,
PCT/ JP96/ 03109 28 requests on the
di sk 5 referrintheolanged|th& inglidation ofcthegpwurhefodldemsof Nobe access
requests so that the anount of novenent of the head becones the
mninum afd thatgetertheshove theory:, i it was asmwed tbaththei sk 5. The
position (angle) of the head in the circumferential
direction seen from the center was constant
irrespective of the distance from the center. In
actuality, there exists a case where the position is
10 not correctly constant depending on the mechanism of
the head, but the influence thereof is sufficiently
small, and therefoxe it can be usually ignored.
As shown in Fig. 9, the tinp until the start of the
block arrives below the head in each oylinder is obtained
15 by the Equation (9). However, since the head must move to.
the desired cylinder within this time, the delay time
becomes the time until the start of the block appesars the
first time after the seek operation. This is the overhead
TA(L) which considers both of the seek and the rotational
20 delay. Frigure 10 ghows an example of this and Eguation 1
shows the definition thereocf. The actual_ovarhgad (delay
time) is indicated by the bold line in Fig. 10.
Note that the function of the seek time is
indicated by the dotted line. In the figure, Trot is

25 one rotation oycle.



5 instruction for the access is made to match t he ext er nal

interface of the disk drive and therefore isg
protocol by the SCSI device

di sk 5. The

data buffer ther transferred to the video
%VB%GQH When the operator instructs the r ecof & 18at a

appar at us.

converted tao the SCSI

data read fromthe disk 5 is-stored tenporally in the

driver 6 and is then transferred to the

10

i nterface of the

representing notion picture inmges, the not illustrated CPU having a
program i ssues requests fogz 15 access to the block in

suitabl e contro

whi ch the i mages constituting the

every inmage. These access requests 40 are stored in the access
request buf fer 4.Apistep S3is thecforimla fjcheandradfight line of
constituting the notion picture are transferred froma 20 video

interface (not shaws)0tintBguakion Buandr FEg. 29 d that is,Sthé Fopgelslat a 80

is tenporally stored in the data buffer 8. The schedul er 2
sequential ly takedndiocated by thenfoldowing Bpuatdonc 103t s1id0foumded in t he

access request buffer 4 fromthe access requests which arrived 25
earlier. Next the schedd&) > f(LrBaOsnOghlwdi sk 5 the

PCT/ JP96/ 03109
5

10

15

20

25

The'subsequant steps 83-2, S§3-3, and 53-4 are the
steps for selecting the skew Os so that this straight
line is always higher (larger) than the funotion Ts(L)
of the seek time and substantially in contact with the
function of the seek time. The straight line of m = 0
of Fig. 10 is obtained by using s selected in this way.

sﬁeps 54 and 55 determine the position o: each
block on the disk over the entire area of the disk by
using the skew and gap obfained in the above way.

At step S4, the pointer of the physical address is
initialized to (0/0/0) at £irst.

Next step S5 is a loop repeated for all blocks. In
the loop, first, at step S5-1, the logical sector
number 1siobta1ned from the physical address referring |
to the pﬁysical address table. At step S5-2,
information such as this aﬁd the physical address are
written on the block map 3. The content of the block
mep 3 is shown in Fig. 7. |

ﬁgbn the processing herestofore is ended, the
pointer of the physical address is moved forward in

preparation for the proocessing of the next block. The

notion picture imge are stored for

(Y6) 97/ 16783



29 position of the data corresponding to these requests,

referring to the block map 3. In addition, the schedul err 2 changes
the order of the access requests so that the anount of novenent of

t he head becones the 5 m nimum and generates an instruction for access
of the WORIEZ85  The instruction for the access is ma

t.he external interface of the disk drive, and therefore I's converted
to the SCSI protocol by the SCSI device 34 driver 6 and is then
transferred to the disk 5. 10 : Bel ow, a detail ed explanation wll
be made of the operation of the block allocator 1. As

the format paranpotiitéd Ppa fof).tha phiysicalcaddress is updateanatbbeel. t he
aver age di stance of novenent of the ' head La when perform ng the SCAN

schedul e, the ses§-310At stefe SS+aGt Lenidsdedidda tfoxr dlly ®loekbe used, the
physical format of the disk 5 (nunmber of cylinders, nunber of

sectors in one twhéthef sk Mot aheoprotdssing of stedisissi-ut t80sbbg Bagi nder)
are given, the bl ock al l ocator 1 determ nes the position of each

block on 20 tbheesli Skrfidy dutn MEOLECHASSnEt éed) ca¥ried SBLSNEME i N
Fig. 3. At step S1, it is calculated how many bl ocks of the

i mge exi stsin opfoSessiss of BepsTE5-10tal S548M cdirriied out FforSER&Ors in
one cylinder is obtained by multiplying the 25 nunber of sectors in the
track by the nunbbécks$ fdrc which the processing had not been carried out.

'Here, the arrangement of the N-th block on the disk
is:

(1) Backward from the aliooated block and

10 (2) In a region in which the sector having the
angular difference from the start of the 0-th bloock
nearest NOs is defined as the start.

Next, an E:planation will be made of the worst
overhead in the method of ocontrolling access to a

15 recording disk according to the present embodiment.

In general, the .a-,ocass. request 40 is generated with
respect to all positions on the disk 5. rﬁe positions
processed by one scan have the unevenness in distribution
ags shown in Fig. 1ll1A or 11B and are aonye;iely

20 distributed uniformly as shown 1nlrig. llcf In fhis
example, the head moves .anong_ six access requests 40,
therefore five random accesses and the ovarhegds
acconpanying this aré generated. The totallsun of the

-ovafheads with respect to thsse fiva random accesses

25 becomes the worst in the case uhare all the accesses



WD 97/ 16783 - PCT/ JP96/ 03109
30 pedia. Wien this is diwided by the nunber of sectors
necessary for stori.ng one block, Bc is f ound. The gap [err]g
is found at step S2. The gap is the ) angul ar difference betmeen the

| eadi ng sectygbg?]g{jm% final sector of the bl ock. As an_exa I n
t he case he bIock i ndi cated by hatching in Fig. STJPﬁﬂné art

is the sector "0" of the track "1", and the end is the sector "6"
of the track "2", therefore the gap [err]ggs 5/ 12t hs of the
circunference, that is, 511/6 radian. 10 The skew [err]s is found
at step S3 based on the above data. Here, the skew [err]s neans the
angul ar di f f er enarei aniformly tdistriibutsticwhen i the dunetioanopetugen heads of
adj oi ni ng bl ocks. First, by using the position of the head when the
readi ng of a cer beierhihd céxhibrin ah apwabd cénvéx adape (Fi§. 11OFD When
represented by an equation, the tinme Td(L) until the head of the
dat a reaches t hethege ssghmevenddss in the distributien,i ¢hedtoétsaligdmat t he
position where the head has nmoved fromthe start point by an anount
of L cyl i otethe bdverfiedds becomesushaller Than thitisai Igdothed
Td(L)=(L.Bc.[err]s+[err]g+2.mll)/[err] (9)

wher e, I5 i s wbpdsgeowheh Stln overhesdi 16 fhe average distance of

movement La of the head is repeatedly generated, the
total sum of the ovgrheads becomes the worst (largest).
Td{L) of Fig..lo is a sawtooth function. If T4(L)
is replaced by a function having an upward convex form
10 that envelopes this from the top, the above tﬁeory
basically stands. An example of such a function is
shown in Fig. 12. That is, the worst overhead per one
access becomes the value obtained by reading the T4(L)
value at the position where the distance isg La in the
15 griph of Fig. 10 (Tmax in the figure). As mentioned
. before, this is an approximation, but as in the example
of Fig. 10, the funoction of Td(L) and the function_
enveloping thi; £from the top usually coincide with each
other near La, thorefora it ocan be oonsidarad in
| 20 aotuality that there. 15 no error. Purther. the
approximation 13 on the safe side (side on which the
overhead is estinated larger than it is), therefore
there 1s no risk of estimating the worst value snaller
than the original value.

25 . At step S3 shown in Fig. 3, the skew was selected o



the nunbers of cylinders; B is the nunber of

bl ocks exi'sting in . one cylinder: 25 .

[err]s is the skewin unlts of radi ans; WO 97/ 16783

PCT/ JP96/ 03109 - - 31 _
[err]g is tHEO8H™H units of radians; PCT/IP9¢/03109 | S
the rotational speed (radi an/ sec) of the disk;
and mis any ing ﬁger where Td(L) becones 5
posi tive. Fi gure 8 explains the meaning of Equation (9) on
the di sk. In Fig. 8. assume that the access of the block "0"
has just been engedthAtSon® éfahe Pcapaesi stiRlgh®e dides b2 the! he
direction of the angle 70 when seen fromthe center. Now, when :
desiring to accegsthf€osdlPadlsif given by the Bgddtiod t(g)s 186§6aagky O wait
until the disk rotates exactly by the anopunt of the gap [err]g,
therefore the at a §6hfY1dd Migher ehahOthE' fdndtiL 5

Further, for the headgof t he bl ()Qg;k‘ "n", it is dhaq?gggsggr??o wai t

unti| the di sk rgbakeeims st \adat this as muck ¥l Hovaible.SEYP Phishe gap
[err]g of the block "0" and n
5 Td(L) can be made small near the distance La, and
consequently the worst overhead Tmax can be made smaller.
" Figure 12 shows the overhead in a conventional SCAN
algorithm. In the conventional Schn algorithm as well,
the total sum of the overheads becomes the worst when the
10 accesses are uniformly distributed. However, unlike the
présent embodiment, there . is no consideration given with
. respect to the rotational delay, therefore even after the
seek operation of the head is ended, it must be
considered that a rotational delay of one rotation is
15 generated in the worst case. For this Teason, a value
.obtained by adding the oycle Trot of one rotation to
the seek time Ts{La) at La becomes the uo¥st overhead.
As apparent from the comparison of rig. 12 and‘ i:l.g. | 10,
this becomes a eonsi?e:ably larger value tﬁan that of
20 °© the method according to the present embodiment. In our
experiments, 1§ was confirmed that the.uorst overhead
became almost half in the prasent_enbpﬁinept in
comparison with that by the conventional SCAN algorithm.
A# explained above, 1nlthq gppa:atu§ for |

25 controlling access to a recordihg disk according to the



nunber of blocks worth of skew (n[err]s). This takes n[err]s/[err] .
worth of time Since the disk is—rotating  the-start—of—20-—the-data

reaches the position.at which the head placed at a time obtained by
adding a whole multiple of the “rotation cycle to the tine obtained
in this way. YeSRnerss t he head noves by n nunber of bl chm _
corresponds to novenent of n/Bc cylinders in terns of er of
25 cylinders, therefore when drawi ng a graph while WO 97/ 16783
PCT/ JP96/ 03109 37 32 plotting the
nunber of cylinders on the abscissa and plotting the delay tine
until the start is reached on the ordinate, Fig. 9 is obtained. The

| arger the skew, presentiéubodimant.t iy Bn&tahhr|:§1thﬂhbetgaounaofakdnes
Not e 5 that, in the above theory, it was assuned that the
position (angle) @Bp,hdthimdpossitile tor suppressithel overheaddTd¢L)i i seen

fromthe center was constant I rrespective of the distance fromthe
center. In thet average head movement distanve.lar ot kkepbewssbn is 10
not correctly constant depending on the nmechani sm of t he head, but
the influence t helewel; sandf¥he zohatjional delayrtiime smd blacmadersmall can be
usual Iy ignored. As shown in Fig. 9, the time until the start
of the 5 by this. In the flow chart shoun in Fig. 3, the size of

the block had a given fixed value, but according to the
purpose, the size of the block can be selected within a
cexrtain range. In this case, both of the gap Og and the
skew Os can be changed, and therefore the position of
10  the straight line can be finely controlled so that it
approaches the seek time near La.
By the above method, the overhead acoompanying the
movement among the bléﬁks is greatly improved. Where a
block is large and extends over a plurality of tracks
.15' . or a plnr;lity of oylindexrs, however, the time
accompanying the change of the tracks and the time of
movement tb the gﬁjoining oylinder must also be
considered. The times necessary for the change of the
tracks and the movemeant to the adjoining cylinder are
20 ooﬁstinf tbo. théreforu'by giving a skew among the
tracks or cylindeis 80 that thg data arrives just
ban@atﬁ tﬁé'head after tﬁeié.fines elapse, it 13.
possibie fo preéant”a lbné rotational delay fron_being
generated in the block along with the change of the

25 tracks and the movement among the ojlinders. For this



bl ock arrives below the head in each cylinder is obtained 15 by the

Equation (9). However, since. the head nust nove to- . the desired
cylinder within this tine, the delay tine becones the time until the
start of t appears the first tinme after th ation
This is thgﬂgegﬂﬁézd Td(L) which considers both oquﬁﬁﬁéa@ﬁ and t he
-rotational 20 del ay. Figure 10 shows an exanple of this and Equation 1
shows the definition thereof. The actual 3%erhead (del ay time) is

i ndi cated by the bold line in Fig. 10. - Note that the function
‘of the seek tine-is I ndicated by the dotted line. In the figure, Trot
is 25 one ropurpesecythe block allocatoy7l kysanother set of skew

PCT/ JP96/ 03109 - 33 At
step S3-1, the asdngan £oriaroess dnym: blpak at the highest @peemdEquation 3 |
and Fig. 9, that is, the formula I ndi cated by the foll ow ng Equation
(10), is found: other than the mkew and gapcfprrthe sjovenient/ amony the :
(10) 5 "The subsequent steps S3-2, S3-3, and S3-4 are the

steps for sel ecbingkshalzeady explained.: At steps 34 andyi$5 in Fig.|Bpe is

al ways hi gher (larger) than the function Ts(L) of the seek time and
substanti ably iAtcgﬂtaﬂtf#w¥Qﬂtli9 arrange the blocks by using the

latter skew and gap when arranging one block on the
disk. It is possible to make the latter gap zerc at all.
times and just use the skew to absorb the change of the
tracks and the.tine of movement amon§ oylinders.

10 Next, an explanation will be mad§ ;f the
operation of thg scheduler 2.

Figure 4 shows a flow chart of operation of the
scheduler 2. At step S11, the head of the disk is moved
to the cylinder "#0" at first. Then, the processing

15 routine proceeds to step 812 at which the actual |
scheduling is carried out.

At step S§12, N number of access :eqﬁests are read
and fetched from the access request buffer in the order
from the previous (older) requests in time at step 812-

20 l. In one access rcque-t, tho numbers of the blocks whioh
should be aocesaed and thg leading address of the data
buffexr used for the data transfer are describod.

Purther, the number N ia a oonutant preliminarily givan
from another oontrol progrum (not shoun)..

25 At step §12-2, the block map 3 is reterred to for



function of the seek time. The straight line of m= 0 10 of Fig. 10 is
obtained. by.using [errls select-ed—tR—tt-s—Waypr———-—-———— Steps -S4 ard-S5

determ ne the position of each bl ock on the disk over the entire
area of the disk by usi ng the skew and gap obtained in the above
way. step $4, the pointer of the physical a ' 15
initialized to fb)é?%) at first. Next step S5 3§5§§ﬁ%§§”
repeated for all blocks. In the loop, first, at step Sb-1, the

| ogi cal sector nunber is obtained fradmthe physical address
referring to the physical address table. At step S5-2, 20

I nformati on such as this and the physical address are witten on the
bl ock map 3. The cenfbeef Shet Ncnwnbex of accesgppeguestsh@nd itherphysical
When the processing heretofore is ended, the poi nter of the physical

address is noved fagdnesgesnof2the lplcmm sbhould cberaacesmsiedy of t he
next bl ock. The WO 97/ 16783
PCT/ JP96/ 03109 (oylinder numbers, media numbers, @ud sector numbere) Ppa of

t he physical address is updated at step S5-3. At step S5-4, it is

deci ded for all blarek confirmedy Subgaquantiy, ahcstep@kdridg theset Nps S5-1

to S5-3 has been carried out. If it has not been carried out, the
5 number of access requests are rearranged in an order

£rom the smallesf cylinder number up. By this
operation, the scheduling of the SCAN algorithm is
realized. At step S12-4, these rearranged access
requests are sent to the disk via the device driver in |

10 the order from the smallest cylindex nunber ﬁp and
actual accesses and data transfers are carried out.
When one block's worth of access instruoctions is
issued, the end of the transfer is awaited at step S12-

. 5, and then the next access instruction 13'1ssued..8y

15  repeating this N number of times (S12-6), the
processing of N number of acoess requasts is ended. At
step S12-7, the control program is notified that the
processing of the N number of acceases is ended and
the series of p:ocessing concezning the N number of

20 | access requests is ended.

Finally, at step S12-8 it is determined whether
an N number of access Teguests is not stored in the
a.ece'l'l's. r.equ§st buffer 4. If not, the scheduler .2.
retninﬁ'té'af;p Sliil. fiﬁes out the next N nﬁiﬁér of

25 access requests, and continues the processing. If thgre



5 processing of steps S5-1 to S5-3 is carried out for the bl ocks
“for which the processing had not -been carried out. " Here, the
arrangenment of the N-th block on the disk i s: (1)
Backward fr | | ocated bl ock and 10 (2) Inp ?ﬁ
whi ch the sector having the - angul ar difference fromthe star? of t he
0-th bl ock nearest N err]s is defined as the start.
Next, an explanation will be made of the goOrst overhead in the
met hod of controlling access to a 15 recordi ng disk according to the
present enbodi nent. - In general, the access request 40 is
generated with are notrappNchumber |df requestssinthécnobess Tequestpositions
processed by one scan have the unevenness in distribution as shown
in Fig. 11A or btEfermd the prosessisig/ is)pausedi atrtlhuls cxkegi f ornly as shown .
in Fig. 11C. In this exanpl e, the head noves anobng Six access
requests 40, t Netef that [ ifor exampieactbe shbook dalilowateosrr Aeads
acconpanying this are generated. The total sum of the overheads with
respect to thesarrangesatbenblecks and chingescthecsiide afbrtiie iba.ouu case
where all the accesses WD 97/ 16783
PCT/JP96/03ﬂ09 so that the gap is constant over the entire area f£rom
the outside to the inside of the disk 5, whersby the
real time property of the access can be further enhanced.
Segond embodiment
The scheduler 2 of the first embodiment explained
10 above moved up to the outermost access position at the
start of the ﬁezt scoan. Namely, when the last access
was carried out at steps §12-4 and §12-5 in Fig. 4, the
head psrformed the innermost access among the N number
of accesses. By the first access of the loop for
15 proqessing the next N number of acocesses, movement to
the outside cylinder having the smallest cylinder
number is caused. Concerning this movement, a seek
operation of the largest length from the innermost
cirounfefenoe to the outermost circumference and a
26 rotationﬁl delay of one rotation are generated in the
worst case. Since they oococur for every N punbe: of
accesses and since tpe ;ncegs;ng of data cannot be
carried out during this time, this must be added to the
total.sum of the overheads of the ont;:q scan. Of

25 course, the performance is lowered by that amount.



35 are uniformy distri buted when the function of the :
0 Ver-head—exhi-bi-t-s—an—tpvwai-d—eorvrex—shape—{(Heg—tte—Wenr————thete i s

“unevenness in the distribution, the total sum of the overheads
beconmes snmaller than this. I'n other 5 words, when the overhead in the
aver age di st 38 87/f¢hss novenent La of the head is repea [yer ated,
t he total sum of the overhead becomes the wor st (Iargestg‘ﬂﬁ
Td(L) of Fig. 10 is a sawtooth function. If Td(L) is replaced by a
function having an upward convex form 10 41lthat envel opes this fromthe
top, the above theory basically stands. An exanple of such a
function is shown in Fig..12: That is, the worst overhead per one

access becomes the val lﬁdeR‘&'%diﬁyiFeaﬂﬂﬁbuéhé“’TaeEr!B the disk avem the

position where the distance is La in the 15 graph of Fig. 10 (Trmax in
the figure). As nBRFiB@cthe W“"S‘&f Srem the Jinnen cirgymfexence | towandit as

in the exanple of Fig. the function of Td(L) and the function
envel opi ng this fERen REex (ﬂ}MPFQnEGr ne¥t Bsinae, thycfirection Mfer near
La, therefore it can be considered in 20 actuality that there is no
error. Further, tWevement ofyfhe,hepd: beropes Feversedaf thej firgtitarmn which
t he overhead Is estimated larger than.it is), therefore t here
is no risk of estiRptheEQUALion {15)a that ig, dbe sign of Hthe tteaxmw Gy nal
val ue. 25 At step S3 shown_in Fig. 3, the skew was sel ected

the skew, is reversed. For this reason, the optimum
skew and gap in the case of the movement from the outer
oirunmferenoé toward the inner circumference do not
always become suitable parameters for movement in the

10 reverse direction. This becomes a cause of *I.:l.xe
reduoction of the performance when the head moves in the
reverse Qirection.

The appu-atus. for ocontrolling access to a

recording disk according to the second embodiment of

15  the present invention, which will be explained below.
handles this problem and provides a method of
performing high speed data transfer even when the head
returns £rom the inner circumference to the outer
circumference. Pirst, the block allocator 1 divides the

20  oylinders into cylinders 50 indicated by the hatching
used when performing a sdan from the outside to the
:Lns:l.de and cylinders 51 used when performing a scan
'from the inside to the outside as shown in Fig. 14. In
f‘ig; i"4-, . the oylindexrs 50 marked by the letters ¥ are

25 used when performing a scan from the outside to the
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36 _ so that one of the group of strai.ght. |ines. of-the .
rotational .del'ay given by the Equation (9) is-located at a pOSI t i on

hi gher t hag, Ef; 6%%ctlon Ts(L) of the - seek tinme butpne ﬁ?ﬂ&
e €

much as possi y this, Td(L) can be made snall near stance
.La, and consequently the wor st over head Tmax can be nade smal | er.
Figure 12 shown the overhead in a convent#42nal SCAN algorithm 1In

t he conventional SCAN al gorithmas well, the total sum of the

‘over heads becones the worst when the 10 accesses are uniformy

di stributed. Hokosdde, apdthe@ylinders 50-parked bmthedettexs 8 i s no
consideration given with respect to the rotational delay, therefore
even after the are usedcwhen pexforming & moancfyon sthedinaide: touthebe
considered that a rotational delay of one rotation is 15 generated in
t he worst case. ongsidm. sIncBign 14 \the cylinders chre divided dadong t he
cycle Trot of one rotation to the seek time Ts(La) at La becones the.
wor st over head. groups ofistwpeyiindensorbutcthe npumben rohfoyliipderd and Fig.
10, this becones a considerably |arger value than that of 20 t he
met hod accd di n§ gsouReiprnot estnistiedoto. thiso fhe Gylindgqsemyebes it
was confirmed that the worst overhead
divided into groups of suitable units.
In the same way as in the apparatus for ocontrolling
acoess to a recording disk according to the first
embodiment mentioned before, the processing of steps S4
10  and S5 shown in Fig. 3 after finding the skew .and the gap
according to step S1 of Fig. 3 is changed as shown in
Pig. 15.
In Fig. 15, step S31 initializes the pointer of the
physical address to be allocated in the same way as in
15 the first embodiment.
Subsegquently, the respective blocks are allocated
to the disk at step 532. Step 532 is a loop xepeated
for all blocks. At step $32-1, it is judged whether an
entire block belongs to the rogions of F o:‘the reg:l.ons'
20 of B based on the physical a.ddress of the block during
the processi.ng.
Step $32-2 is a branch based on the result of this
judgement. If one entire blook belongs to the regions
of F, step §32-3 to step 832 1 are e:ecuted. Among :

25 them, step S32- 3 is the same as step §5-1 :l.n Fig. 3 and



becarme al nost half in the present enbodinent in conparison with that

by L he_conventional SCAN al nnrl t.hm. e_x_p_l__a_l__n'e_d_above —in the
apparatus for 25 'controlllng access to a recordlng di sk according to the
WD 97/ 16783 PCT/ JP96/ 03109

37 nbodi ment, by suitably selecting the s

‘gap, it is possit*ggto suppress the overhead Td(L) in Kﬁﬁ%ﬁgggygragé
head novenment di stance La to the | owest | evel , and the rotationa
delay tinme can be nade snal | 5 by this431n the flow chart shown in Fig.
3, the size of the block had a given fixed value, but according to

t he purpose, the size of the block can be selected within a

certain range. |48t |8 stensfor pxamisinghthgaporresionding dhgical skew
[err]s can be changed, and therefore the position of 10 t he straight
i ne can be finelsectont punbex by, using the physical)addxesestahiescek tine
near La. By the above nethod, the overhead acconpanying the
movenent anong t Wai3eoskepi S33r4 performsr the wrifecopexation onpbthek is
| arge and extends over a plurality of tracks 15 or a plurality of
cylinders, howevbiockhmapjeln the samecwayaasisken I$§-2hangBigf 3he tracks
and the tine of
5 In comparison with the block map 3 of the first
embodiment shown in Fig. 7, in the block map 3 in the
present embodiment, a flag indicating whether that block
exists in the regions of F or the regions of B is added.
This situation is shown in Fig. 16. Step §32-5 is a
10 step of writing F in this portion. -
Where a block does not completely belong to the
regions of F in the branch of step S32-2, the
allocation to that physical address is not carried out,
and a physical address that completely becomes inside
15 the regions of F is sought. At step S32-6, the next
physical address is found from the skew and the gap,
and further it is examined as to which regions it
belongs.'step §32-7 determines whether or not the inner
ciroumferenée.has-beén read. If not, the processing
20  routine jumps to step S32-1, after which in step S§32-2
judgemanf is again exeouted. in this way, re-attempts aié
repeated, during which a physical address whersby the
" entire block belongs to the regions of F is pbtaihed.
This ies allocated to the block. S

25 For example, in Fig. 16, in the case of the _'



novenent to the adjoining cylinder nust also be consi dered. The
ti mes necessary for the change of the tracks and the novenent to the
adj oi hing cylinder are 20 constant too, therefore by .giving a skew anong

‘the F r cylinders so that the data arrives | beneat h
t he head af‘%’és‘;’ ‘ﬁ%’ge times elapse, it is -possi bl e ﬁ)&%ﬂm?’a long
rotational delay from being generated in the block along with the
change of the 25 tracks and the novenggt anong the cylinders. For this
WO 97/ 16783 PCT/ JP96/ 03109
38 purpose, the block allocator 1 has another set of skew
and gap for acceystem efbancangsmerdic dff Fhesfirsgtosnbodiment)t [the mlext t he
skew and gap for the novenent anong the ' bl ocks al ready expl ai ned. At
steps S4 and Soblocki No.35 wa® plaocdd iat thef physival addrenigd 1/578),0cks by .
usi ng the | atter skew and gap when arrangi ng one bl ock on the
di sk. It is possukl ehaolavter tlnslt xft dhe]diockrextdndd lover the ti nes and
just use the skew to absorb the change of the ~tracks and the tine of .
novenent anong eylindersNo. 1® by this. Mhet oylindem|Nonat2 ds whed be nade of
t he operation of the scheduler 2. Figure 4 shows a fl ow
chart of operatiregiohstéf B, therefore these regions are not
allocated, and the address which can be allocated next
is sequentially found. The physical address pointer is
successively advanced and the physical address (4/2/0)
is allocated for the block No. 5. As in the first
10 embodiment, both in the method for allocating the
blocks without skipping the niddle and in the method
for allocating the blocks while skipping the middle as
in this embodiment, the relationship between the
distance (number of cylindexrs) of the_radial direction
15  and the skew amount must be kept constant, therefore
the method of allocation as explained above is used.
This is the reason why use is not started from the
leading (4/0/0) of the cylinder No. 4. The above
processing is repeated until the physiocal address
20 ruaohﬁs the innermost circumference. |
Steps S33 to S36 perform similar processing with
respect to the regions of B. The start of_tho-regions
of B is the cylinder No. 2 as shown in Fig. 14,
therefore the pointer of thg.phynical address is

25 initialized to this address at step S33.



scheduler 2. At step S11, the head of the disk is noved to the
cylinder "#0Q" at first. . Then, the 'nrnnpqqi ng. 15 routine proceeds to step
'S12 at which the actual - schedullng is carried out. - At
step S12, N nunber of access requests are read and fetched fromthe
access reques in the order fromthe previous
requests in t?vr?ttay-}étkﬁétep S12- 20 1. In one access requesé&"ﬂﬁﬁ(z'ﬂﬂﬁrbers
of the bl ocks which shoul d be accessed and the | endi ng address of
t he data buffer used for the data trasgsfer are descri bed.
Further, the nunmber Nis a constant prelimnarily given from anot her
control program (not shown). 25 At step S12-2, the block map 3 is
referred to for Subgequenti®3 the sign of the skew is reversed at
PCT/ JP96/ 03109 39 each of the N
nunber of access rskppeSd. The rogighy - B are acoceased cfrxas thie Lhaell ocks
whi ch shoul d be accessed (cylinder nunbers, nedia nunbers, and
sector nunbers) olrocumfiereponf toward &mmnbmuntentm,sm’ipfbhese N
5 nunber of access requests are rearranged in an order fromthe
smal | est cyl i nder thersmount. ofymovément of thepoylinder Hdupmmahadgatigeof
the SCAN al gorithmis

5 Therefore, when also the sign of the skew is reversed

corresponding to thig, the optimum skew for the
novemeht of the head from the inside to the outside is
obtained.
Step 535 is the step for actually wriging the
10 data on the block map. This portion is ainilﬁr to steps
§32-1 to S32-6. Note however, that this is aifferent
from steps S32-1 to S32-7 in the following ways:
{1) The data is written on the block map only
when the entire block is in the regions of B. '
15 Otherwise, another attempt is made by a new physical
address.
(2) B is written on the block map.
Finally, at step 536 it is determined whether all
of the blocks to be processed have been processed. If
20 hot; Ehé'prooessing returns to step S31. If all of.thb
| blocks.to be processed have been processed, the |
processing is paused at this step.
. ‘Pigure 16 shows an example of a case where 5012
blocks are allocated to the regions of B in total. At

25 this time, the block number of the regions of B is



realized. At step S12-4, these rearrénged access requests are sent

to the disk via the device driver in 10 . the order fromthe smallest
cyl i nder nunber up and actual -accesses and data transfers are
carried out. When one bl oeck's worth of access instructions is

i ssued, the ¥R&"H8t he transfer is awaited at step Sl2- PCTAIPZ60310} t+hen
the next access instruction is issued. By 15 repeating this N nunber of
times (S12-6), the ' processing of N ggnber of access requests is
ended. At step S12-7, the control programis notified that the
processi ng of the N nunber of accesses is ended, and the series of

processi ng concegtafteaheroémnsol®, aia the allo6atLcn ¢¥Udid bliovkended.
Finally, at step S12-8 it is determ ned whet her an N nunber of

access requests repafted! Giitil ithd ihad reachdsCelé imidiafdgtouffer 4. |f
not, the scheduler 2 returns to step S12-1, takes out the next N

nunber of 25 cisctmferenitd Sdgaiind continues the processing. If there
WO 97/ 16783 PCT/ JP96/ 03109

40 - are not an Ngihédcthe blck ailécatod 't £ GAven Heest
buffer, the processing is paused at this step. - Note that, .for
exanpl e, thg bl ogbnigafatién las described above, the scheduler 2 takes
out only the requests for accessing the regions of B
from the sddress request buffer for scheduling when the
head moves from the outer oiréunferance to the inner
circumferential direction and takes out only the
10 requests for accessing the regions of B from the
address request buffer for scheduling when this is
completed and the head moves tran the innexr |
oircumference to the outer cirocumference. By this,
irrespective of the diracfion of movement of the head,
15 the rotational delay can be always suppressed to the
minimum level. In the first embodiment, therxefore,
while a delay tiwe was caused fpr the heaa reaching the
inner circumference to return to fhe outer
circumference, thnio is no iuoh delay time in the:
.20 present second anbodinont, so the pa:fo:nanqe 6£ the
. aisk is improved. | |
Note that, it was mentioned in the first embodiment
that, when one block ﬁas iarge and extgpdegzover a
ﬁlurality of tracké and sactofs; the ‘efficiency was

25 good if another skew considering these times was given.



arranges the bl ocks and changes the sizes of the bl ocks 5 so that the
gap _is constant over the entire area from the outside . to the_inside
of the disk 5, whereby the real tine property of the access can be
further enhanced. Second enbodi nment The schedul er 2 of the
first enbodi ngﬁé Ialned 10 above noved up to the outernpst access
position at t start of the next scan. Nanely, when PREIPHABIY cess
was carried out at steps S12-4 and S12-5 in Fig. 4, the head
perfornmed the innernost access anong the Ngyunber of accesses. By the
first access of the loop for 15 processi ng the next N nunber of
accesses, novenent to ‘the outside cylinder having the snall est

cyl i nder nulbethe prexentd seCond cembodiniehts WBSCOE N4 , s HniSRK
operation of the largest length fromthe innernost circunference to
the outernopst cirtedcimiqusdspdssible. In Gk presentchévod one rotation
are generated in the wor st case. Since they occur for every N nunber
of accessesemrsilinents whenathe Skédd) nitfvedd FRofotHe! Ldifer carried
out during this tine, this nust be added to the total sum of the
overheads of the ehtdutexemwe €bwald the wites; ofkeupréieide) thd headVer ed
by that anount. WO 97/ 16783

PCT/ JP96/ 03189 sequentially moves from the inside cylinder to the

outside cylinder also in the accesses within a block,
theiefére a skew for obtaining the time necessary for
the cylindar movement may be given in a reverse
direoction to that of moving from the outer

10 circumference toward the inner circumference;

Note that, as shown in Fig. 14, by providing the
cylinders 50 and the oyiinﬁars_Sl 80 that they are
dispersed from the innermost cirocumference to the
outermost circumference on the disk, the perfo:mance of

15 the disk access can be furtﬁer improved.

As stated above, according to the method of
controlling acceass to a recording disk of the present
invention and the apparﬁtua thereof, the overhead of
the recor#ing disk, that is, the sum of the seek time

20 © ana the rotational delay time, can be reduced and, in
addition, the naximnﬁ value thereof can be guaranteed
to be a 16w valué;

| Purther. acoording to the nnthod of oontrolling
access to a raoording disk of the prasent invention and

25 the apparatus thereof, by giving a skew correaponding



41 O course, it is possible to access the di sk even
during the movement fromthe inner circunference toward - the outer
ci rcunference, but since the direction of novenent of the head
becones revgf he first term 5 i'n the Equation (1 4? A
sign of the 2o the skew, is reversed. For this reason he
opti mum skew and gap in the case of the novement fromthe outer
circunference toward the inner circunferengg do not al ways becone
sui tabl e paraneters for novenent in the 10 reverse direction. This
beconmes a cause of the reducti on of the performance when the head
nmoves in the to thevédirxectionnf mevement of the hepd: fapaverys for
controlling access to a . recording disk according to the second
enbodi ment of 1%egiohe ptcimrpossibie itonrednoe Hthe |dvedxhead| ai ned bel ow,
handl es this problem and provi des a nethod of ‘perform ng high speed
data transfer evimrespactine ofithe directionrof Movement: afhithe head.
circunference to the outer circunference. First, the block allocator
1 divides the 20 cYt i imicte hentunderstaddr thatd duwingaioad alifyerhthéat chi ng
used when perform ng a scan fromthe outside to the I nsi de and
cylinders 55 useperiicd during niliph, theahead accessennthec diski,de to t he
outside as show in Fig. 14. ‘In ~ Fig. 14. the cylinders 50 marked by
the letters F ar eché8uling cfox\ithe Mosmagsmdtmﬂ tthe headifle to the

he

determined. When this nezt access is started, the head
is moved to a start position which is defined by the
determined scheduling for such next acce#s movement of
10 the head. In the case of the first accesas movement of
the head after péwar-up of the apparatus of Figure 2,
the head is moved to a start position defined by the

f£irst determined scheduling after power-up.

15 ~ While the present invention has been described
above with reference to preferred embodiments, it is not
limited to those embodiments and includes all

modifications apparent to those skilled in the art.
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42 inside and the cylinders—50 narked by thetetters—B —— — are
used when perfornlng a scan fromthe. inside to the outside. In Fig.

14, the cylinders

are divided into groups of two cylinders, but the

nunber of cylmﬁg.ml_,‘n 5 a group is not restricted to tgc’:ﬁm%'?as .

cyl i nders nmay D€

di vi ded into groups of suitable unit

In the same way as in the apparatus for controlling access to a

recordi ng disk ac
t he processing of
skew and the gap

in Fig. 15.

pointer of the
in 15 the firs

cording to the first 49enbodi nent nenti oned before,
steps S4 10 and S5 shown in Fig. 3 after finding the
according to step S1 of Fig. 3 is changed as shown
In Fig. 1SLAIMBp S31 initializes the
physi cal address to be allocated in the sane way as
t enbodi.nentA method of contsobliing aividess ttiocar reperding

bl ocks are all ocated to the disk at step S32. Step S32 is.a |oop

r epeat ed f
entire bl ock belo

diskl,| compriteingthe Hrep@20f: it is judged whether an
ngs to the regions of F or the regions 20 of B based

on the physical address of thdetemminingr rngkew which minimizessang.

5

10

15

20..

25

rotational delay time at an average distance of
movement when a hesad accesses the recording.disk;
determining a position of a data bloock on the
recording disk based on at least the determined skaw}
scheduling an order of a plural%ty of input
disk access requests to minimize an amount of movement
of the head when the head acceases the recoxrding disk;
and
accessing the reobrding disk by the head

based on the result of the écheduling.

2; A method of controlling access to a recording
disk as set forth in claim 1, wherein the determination
of the position of the data block oﬁ the recording disk
is based on, in addition to the determined skew, a gap
indioating an angﬁlﬁf differonce between a start and an

end of the same data block.

3. A mathod of controlling access to a recording
disk as set forth in olaim 2, further. aomprising the

steps of:

_—

I g
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Step S32-2 is a branch based on the result of this judgenent. If one

entire block belongs to the regions . of F, step.S32-3.t0 step S32-7
are executed. Anmong 25 them step S32-3 is the sane as step S5-1 in
Fig. 3 and WO 97/ 16783 '

- PCT/ JP96/ 03871678 43 PCTARISISINY obf or
exam ni ng the correspondi ng | ogi cal sector nunber by using the

physi cal address tabl e, while steps®932-4 perfornms the wite
operation on the block map 3 in the same way as step S5-2 in Fig. 3.
5 In conparison with the block map 3 of the first

enbodi nent shown in Fig. 7,dsterminizigciombipasion data regarding: sach
enbodi ment, a flag indicating whether that bl ock exists in the

regi ons of F or admbinadiionsoff theigkenicanfl the gap Forsasplumality icf shown
in Fig. 16. Step S32-5is a 10 step of witing Fin this portion.

Wiere a bl ock dalatandlockss| endl y bel ong to the regions of Fin the
branch of step S32-2, the all ocation to that physical address is not
carried out, and a paelectiveijinusingt the compimstion datanda i nsi de
15 the regions of F is sought. At step S32-6, the next physi ca
addr ess i n 5 ouncadooodanice wikth anpositigumf each data block on the

recording disk.

4. A method of controlling access to a recording
disk as set forth in claim 1, wherein the size of the
10 data block is changed so that the gap is constant over
the entire region from the outside to the inside of the

recording disk.

S. A method of controlliﬁg access to a recording
15 | disk as set forth in claim 1, Ql.terein the skew is |
determined in accordance with a change of a gap of the
data block based on a d:l.ffemce. of rad:l.u; of the

recording track.

26 6. A method of controlling aoceu.-tol a recording
. disk as set forth in claim 1, wherein
the step of scheduling changes the orde:é of
a plurality of requests for d:lslr.. access 80 that 'l_:hey___-ar_e.'
arranged in an order starting from one nearest to. ﬁhe l-

25 head when the bead is moved from the current position

—_— .

N



- entire bIock

and further it is examined as to which regions it bel ongs. Step
. S32-7 deternines whether or not the inner circunference-has bheen = ..
read. |f not, the processing 20. routine junps to step S32-1, after which
in step 832 2 j udgenent is'agaln executed. In this way, re-attenpts
are during which a physical address whereb

§ I"g‘g[?to the regions of F is obtained. %@6"’ -
all ocated to the block. 25 For exanple, in Flg 16, in the case
of the WO 97/ 16783 . 51 ’
PCT/ JP96/ 03109 44 syst em of
arrangenment of the first enbodi ment, the next bl ock No. 5 was pl aced
at the physical atdward ¢ié o8)an inner cincumterdmtet andheutenf t he bl ock
extends over the cylinder No. 2 by this. The cylinder No. 2 in the
5 regi ons of B, cikreumferendd axf- thegrecerding niiiisk; and al |l ocated, and the
address which can be all ocated next I's sequentially found. The
physi cal address pointer is the stepuctclstemiiningyahecposieidd oty cal
address (4/2/0) is allocated for the block No. 5. As in the first
10  enbodi nent, @ats blodkonheodebordihg othik 1@ based upon, blwcks
W t hout sklpplng the mddle and in the nethod for allocating the
bl ocks whi | esski paaattide to chbec skew, a gap indicating an angular

difference between a start and an end of the same data
block, such that a difference between a delay time
Td(L.) and a seek time Ts(L) near an average seek
distance La becomes sufficiently small in comparison
10 with a rotation oyole, where, |
Ta(L)=(L-Bo-Bs+Og+2mmr) /@, and
La=Lt/(N-1)
where, L is a seek distance in units
of the number of coylinders;
15 ; | Bo is a pumber of data blocks
| existing in ons cylinder;
Os is a skew in units of
radians;
6g is a gap in units of
20 | . radians;
S @ 1s a rotational speed
(radian/seo) of the disk;
' Lt 1s a nazinum value of the
';distance between access
25 - : positions of two ends when
-

U O



In this enbodinent, the relationship between the di stance (nunber of
cylinders) of the radial direction 15. and the skew anpbunt nust .be kept
constant, therefore t he nmet hod of allocati-on as expl ai ned above is
used. This is the reason why use is not started fromthe

| eadi ng (4/ OY®Y"87% he cylinder No. 4. The above pr GEI4EPIRNs -
repeated until the physical address 20 reaches the innernost :

ci rcunf erence. Steps S33 to S3p performsimlar processing with
respect to the regions of B. The start of the regions of Bis the
cylinder No. 2 as shown in Fig. 14, therefore the pointer of the

physi cal address is 25 initialized tiriiﬁgingddhﬂSQQGﬁgﬁtﬁ‘%ﬁiﬁ%s in
WD 97/ 16783 PCT/ JP96/ 03109

45 Subsequent |y, the sigroxder ia whdesi 627 ENE' S@sbedt of
step S34. The regions of B are accessed fromthe inner ci rcunf erence
toward the outer circunference, therefasylinders; the amount of novenent of
the cylinder becones negati ve. 5 Therefore, when also the sign of the
skew i n reversed correspondi ng t® i nuinberopti AGesEEs' €6 be he
novenent of the head fromthe inside to the outside is
5 simultanecusly processed; and,

m is selected so as to become

the smallest within a range

where

TA(L) exceeds the seek time

10 _ : Ts(L) at the seek distance L.

7. A method of controlling access to a
recording disk as set forth in claim 1, wherein:
the step of scheduling changes the order ﬁf
15 a plurality of requests for disk access so that they are
arranged in an oxrder of appearance when gha head is moved
£from the current position toward one of an inner
circumference and an outai circqnterunce of tha_recording
disk; and |
20 the step of determining thg posit#on of the |
data block on the recording disk is based upon, in
addition.to the skew, a gap quoh_that’g delay time
Ta(L) is always longer than a-seek”gine Ts(L) and the
diftaraﬁca hefunen the delay time TA(L) and the seek |

25 time Ts{L) becomes sufficiently sm;ll in comparison

* c L M S *



obt ai ned. Step S35 is the step for actually witing the 10
data_on the block map. This portion s sinilar to steps S32-1 1o
S32-6. Note however, that this is different : fromsteps S32-1 to
S32-7 in the foll ow ng ways: (1) The data is witten on the

bl ock map onl when the entire block is in the regio 15

O herw se, ar%? ’167%3tterrpt I s made by a new physi cal %@8@” -
(2) Bis witten on the block map. Finally, at step S36 it is
det er m ned whet her all of the bl ockgato be processed have been
processed. If 20 not, the processing returns to step S31. If all of the
bl ocks to be processed have been processed, the processing i s paused
at this step. with a rotatjenccyblehowlerm exanpl e of a case where 5012
bl ocks are allocated to the regions of Bin total. At 25 this tinme, the
bl ock nunber of the. regions M(B)vﬁ-noesi-egm,gm?%

PCT/ JP96/ 03109 46 started from
5013, and the allocation of wher®)ocks iLsis a seek chitianbeudhi unibe head
reaches the innernost

of the number of cylinders;
5 ' Bo is a number of data blocks
| existing in one oylinder:;
€8 is a skew in units of radians;
6g is 2 gap in units of
radians; and
10 : ® is a rotational spéed

{radian/sec) of the disk.

8. A method of controlling access to a recording
disk as set forth in claim 1, wherein:

15 ’ | the recording disk is divided into first
regions for use when the head moves from: the inner
circumference to the outer circumference and second
regions for use when the head moves from the outer
' circumference to the inner oircunference.

20 the step of datermining the position of the

| data block on the :acording disk determines the
.position of the data block on the recording disk based
on an optimum skew and a gap 1n tha respective regions
based on the direotion of movenent of the haad- and

25 the step of scheduling selectively accesses -

*= € L M § % '




circunference agaln Since the bl ook allocator 1 is given the
5 configuration as descri bed above, the scheduler 2 takes - out only
t he requests for -accessing the regions of B fromthe address request
buf f er forvﬁSBﬁﬂH&%”Q when t he " head noves fromthe 109 -
circunference to the inner: circunferential direction an taﬂes out
-only the 10 requests for accessing the regions of B fromthe
address request buffer for scheduling wheS4this is conpl eted and t he
head noves fromthe inner circunference to the outer circunference.
‘By this, i'rrespective of the direction of novenent of the head, 15
the rotational sy first| apd sseqond eegiens;inhaccordanceiwithum | evel .
In the first enbodi nent, therefore, while a delay tinme was caused
for the head redde M“ﬂ of movement:af;thecheade to return to the outer
circunference, there is no such delay tinme in the 20 present second
enbodi nent, so the perfornmance of the di sk is inproved.
Note that, it was nmentioned in the first enbodi nent t hat, when one
bl ock was 1arge and eftendel makhod, of contrpliingiagoess it @k remoaddngt or s,
the efficiency was 25 good if another skew considering these tines was
gi ven. 5 disk as set forth in claim 8, wherein
the first regions and the second regions on
the recording disk divide the disk into a plurality of at
least two portions along the radial direction and both
of the first regions and second regions are allocated
10 80 as to be dispersed from the innermost circumference

to the outermost circumference on the disk.

10. An apparatus for céntrolling access to a
recording disk, comprising:

15 a skew determining means for determining a
skew 80 that 2 rotational delay time at the avﬁrage
distance of movement when a head abeessaslthe recording
disk is minimized;

a data block arranging means for

20 determining the position of a data block on the

recording disk baiod on at least tha.dste#ninad skew; and
a scheduling means tor scheduling an order

of a plurality of inpnt disk access requosts 80 that thé

amount of movement of the haad becomes small at the

25 time of acoess of the reoo:ding diak by the head, and

TR0 ) P
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technique is possible. Jn the present second enbodlnent when t he
head noves fromthe inner circunference toward the outer

ci rcunferenc ead 5 sequentially noves fromthe Lnsi I nder
to the wo H?‘P‘ %e cylinder also in the accesses within g&g)@@&%& -
therefore a skew for obtaining the tine necessary for t he cylinder
novenent nmay be given in a reverse disrection to that of noving from
the outer 10 circunference toward the inner circunference.

Note that, as shown in Fig. 14, by providing the cylinders 50 and
the cylinders 51 whexddny they are. di spersed fromthe innernost '
circunference to the outernost circunference on the disk, the
performance of 15 t he di theheat aauessies thet hecording \disk based

As stated above, according to the nethod of controlling access to a
recordi ng di sk ofon kheyesudts of thespheduldmgand t he apparatus thereof,

t he overhead of the recording disk, that is, the sumof the seek
time 20 and the rotational delay tinme, can be reduced and, in

addi tion, the maxi num val ue thereof can be guaranteed to be a | ow
val ue. 5 Fudilher , Amcappasatns orheonttéliing azwessolkbi ag

access to a recording disk of the present invention and
recording disk as set forth in claim 10, wherain

the data block arranging means determines the
position of the data block based upon, in addition to the
skew, a gap indicating the angular difference between a

10 start and an end of the same data blook.

12. An apparatus for controlling access to a
recording disk as set forth in claim 11, wherein the data
block arranging neans deteruines combination data

15 regarding each combination of the skew and the gap for
a plurality of data blocks and selectively uses the
combination data in accordance with the position of

each data block on the recorxding disk.

20 13. . 'An apparatus for controlling access to a.
reoordiﬁg disk as set forth in olaim 10, wherein'the
data'bloci azrtnging'means changes the size of fhe data
‘block so that the gap is constant over the entire | |
region from the outside to the inside of the recording

25 dlisk.

R )R




25 t he apparatus thereof, by giving a skew correspondi ng - WD

- 97/ 16783 . _ . .. PCT/.JP96/ 03109
48 to the direction of novenent of the head for every
region, it is possible to reduce the overhead i rrespective of the
direction oHBI8HEnt of the head. - It istob P9 0d t hat
during or after the 5 period during which the head accesses the di sk,
scheduling for the next access novenent ofggthe head is det er m ned.
When this next access is started, the hea is noved to a start
position which is defined by the . determ ned scheduling for such next
access novement of 1Q4. t hanhapparadtusd Foic doatebllingfdésdss @ es novenent
of - the head after power-up of the apparatus of Figure 2, t he
head i s noved t opéodidirg Minki a8 sdtf £66¢h in (d1xim 10, whebéin G@i&r i ned
schedul i ng after power-up. 15 VWil e the present invention has
been described gkew dd¥drmiviny heans cdéterinindscithe sle@ PRI MENtS, it is
not limted to those enbodi nents and i ncl udes all nodi fications

apparent to thosfocdeddrtse withha ohéange of a gap of the data block
5 based on a Aifference of the radius of the recording

track.

15. An apparatus for controlling access to a
recording disk as set forth in claim 10, wherein:

10 the scheduling means changes the order of a
plurality of requests for disk acceas go that they are
arranged in an order starting from ona-nearust to the
head when the head is moved from the current position
toward one of an inner circumference and outer

15 circumference of the recording disk: and |

the data block arranging means determines the
position of the data block on the recording disk based
upén, in addition to the skew, i gap indicating an
angular difference between a start and an end of the

éo . same data block, such that a difference between a delay

| time TA(L) given and a seek tine-fs(n) near an average.
seak distance La given by the following Equatioq {(2)
becomes sutfioientiy small in comparison w;tb the
. rotation cyoie. ihare, .

25 | TA(L)=(L:Bo:Oa+Og+2mir) /0 (1)

* [ L M s *
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49 . 1. A nethod of controlli.ng access to a recording.

di sk, conprising the steps of:. determ ning a skew which
mnimzes a -5 rotational delay tine at an average di stance of

novenment whepn head accesses the recording disk;

det er ni ni ng av‘ig’ﬂ‘?pon of a data bl ock on the r ecor dPRTIRAGORI0D 35 ad
on at |east the determ ned skew, schedul i ng an order of
a plurality of input 10 disk access reqggests to mnimze an anmount of
nmovemnent of the head when the head accesses the recordi ng disk;

and -accessing the recording disk by the head

based on the result of the sgRogh)iNg) 15 2. t hod . of
controlling access to a recording disk as set forth in claim1,

wherein the determnation yhereOf therpesiiigumiatistandat #n on the
recordi ng disk I's based on, in addition to the determ ned skew, a

gap 20 i ndi cating en angul ar differ eggethétmiiior® o2t 8fliRders) end
of the same data bl ock

Bc is a number of data blocks
5 existing in one cylinder:
O8 is a skew in units of
radians;
Og is a gap in units of
radiank;
10 ) @ is a rotational ape;d
(radian/sec) of the disk;
Lt is the maximum value of the
distance between access
positions of the'tub ends when
15 N arranging the aocess requests in
order in units of' the number of
cylinders; |
N is the number of accesses fo be
simnithneously processed;
20 - " ana
| lm is séleotgd 80 as to become
tﬁe smallest within a range
'uhera.rd(h) exceeds the seek
time Ts(L) at.the seek distance

25 - . . L.
—_—
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3. A net hod of controlling access to a recording di sk as set forth
Tn claim2, further conprising the 25 steps of: WD 97/ 16783
PCT/JP96/03109 : 50 .

deterninin conbl tion data regardi ng each conbi nation of the skew
and the gap P@V ﬁ lurality of dat a bl ocks; and AIP96R31E

sel ectively using the conbination data in 5 accordance with a position
of 'each data bl ock on the recor di nggdi sk. 4. A

met hod of controlling access to a recording " disk as set forth in
claim1l, wherein the size of the 10 data bl ock is changed so that the

gap is constant over 16. Ahheppaddtus Tofi controllidy avdedsiao a the
i nside of the recordi ng di sk. 5. A et hod of

control ling accawsbdrding diskdasUsetl SForthliink claimelof ouhdedncl ai m 1,
wherein the skew is determ ned in accordance with a change of a gap
of the data bl ock bathé séheduliingcmeans ochaidges theforider of a
plurality of requests for disk access so that they ure.
"5 arranged in the ordexr of appéaranoe when the head is
moved from the current position toward one of an inner
.oircumfarance and an outer circumference of tﬁe recording
disk and
the data block arranging means determines the
10 position of the data block on the recording disk based
upon, in addition to the skew, a gap such that a delay
time Td(L) giiun by the following Equation is always
longer than the seek time Ts(L) and the difference
between the delay time TA(L) and the seek time Ts(L)
15 becomes sufficiently small in comparison with the
rotation cycle, where,
Td(L)-(L-Bc-Gs-o-Bg)/co, and
where, L is a seek distance in units
| of the number of cylinders:
20 - . _ .80 is a nnnber.of data bl&oks
éxisting 1# one cylinﬁér:
©s 1s a skew in uﬁ;ts of radians;
Sgiia a gaﬁ in units of,-.
radians. qn§_. o “ |

25 (] 13 a rotational speed

£ ¢ L M s %



recordi ng track. 20 6. A net hod of_confrolling access to a

recording disk as set faorth dn claiml_ wherein
the step ~of schedul i ng changes the order of a plurality of requests
for disk access so that they are arranged in an order starting from
one near est hﬂ)}ﬂﬁ head when the head is noved fromthe current
position (o) 97/ 16783 PCTIPI6/03109 -
PCT/ JP96/ 03109 51 toward one of
an inner circunference and outer ci ggunference of the recording
di sk; and the step of determ ning the position of the
data bl ock on the recording disk i.s based upon, in 5 addition to the .
skew, a gap indicating an angul ar (raafdrssur)c ofethacaisk st art and an
end of the sane data bl ock, such that a difference between a del ay
tinme Td(L) and a seek tine Ts(L) near an average seek
di stance La becones sufficiently small in conparison 10 with a rotation
EycILe} (mhi;e, 17. An appidaths( EoBCodwtrdiding’ hboessi ta/serr], and
a=Lt _

' recording disk as set forth in claim 10, wherein:

5 _ the recording disk is divided into first
regions for use when the head moves from the inner
circumference to thé outer oi:cunferencé and second
regions for use when the head moves from the outer
circumference to the inner circumference; =

10 | the data block arranging means determines the
position of the data block on the recording disk based
on an optimum skew and upon a gap in the respective
regions based on the direction of movement of the head:
and

15 - thé scheduling means selectively accesses
only the £irst and seocond regiong in accordance with the

direction of movement of the head.

18. An apparatus for controlling aocéaa_fo a
20 recoidihg disk as set foﬁth in cliim'IT. wherein. |
fhe first regions and the'second regiohs on'
the'réoordin§'diak'dtvide the disk into a plurality of at
least two portions aiong the radial direction and both
of the £irst regions and second regions are_allodhtéd '
_ 25 so as to be dispersed from the innermost circumference
-

A



wher e, L is a seek distance in units _ _ of

the nunber of cylinders;- 155 . _ .Bc is a nunber of
data bl ocks L exi sting in one cylinder;

[err]s is a skew in units of radi ans;

[err]g is WNQaYIETB3 units of 20 . PCTESGMNUNS; -
[err] is a rotational speed , ~(radi an/ sec) of
t he di sk; S&t I's a maxi mum val ue of the

di stance between access 25 positions of two
ends when WO 97/ 16783

PCT/ JP96/ 03109 ¢4 the outexmost circumference on the Adisk. ,
arrangi ng the access requests In _order in
units of the nunber of cyl i nders;

N in a nunber of accesses to be 5

simul taneously procesggd; o{\Gaethod for controlling access to a Hiki,S€l ected
so as to becone - " the smallest within“a range

wher e comprising the steps of:.

5 | determining a position of a data block on the
disk to minimize a rotational delay time at an average
distance of movement each time the disk is accessed by
a hen.d:

| scheduling an order of a plurality of disk
10 access requests to minimize an amount of noviient of
the head when the disk is accessed by tﬁe head; and
| acoessing the disk by tha_haad based on the

regult of the scheduling.

15 _ zo; A method as set forth in claim 19, wherein
said step of determining a position further comprises the
steps of:

datermiqing_a skew so that the rogational
delay time at the average distance oflmnvaﬁont |

20 minimizes at the time of accﬁls_ét thé disk by fha
head; and l. |

determining the position of the data block
on the diqi based on at iea;t tne.detqrm;ned-skeﬁ._
-uhar;in.naid skew indicates an_qngul;r difference in ;

25 circumferential direction between the start of

A




Td(L) exceeds the seek time 10 Ts(L) at the seek
di stance L 7 A npthod of (‘nnt rnl [ nn access tao a
recording disk as set forth in claim1, wherein: : ‘the -
st'ep of scheduling changes the order of 15 a plurality of requests for
di sk access hat they are arranged in an order of appearance when
the head is ﬁ‘ﬂ/%’é' 3 fromthe current position toward oﬁgpgf"’ﬂﬂ %9 nner
ci rcunference and an outer circunference of the recording di sk; and
20 the step of determning ghe position of the dat a
bl ock on the recording disk is based upon, 1n addition to the skew,
a gap such that a delay tine Td (L) is always |onger than a seek
time Ts(L) and thfjoining BLOEREESNCE between the delay tinme Td(L) and the
seek 25 time Ts(L) becones sufficiently small in conparison WO
97/ 16783 PCT/ JP96/ 03109
53 with a rotation cycle, where
Td(L)=(L.Bc.[err]s+[erpig)/ [®rmidthodds set forth in claim PHC'fhereinl i S a
seek distance in units

said step of determining determines the position of the

5 data block on the disk based upon, in addition to the
skew, a gap, said gap indicating an angular difference

between a start and an end in the same data block.

22. An apparatus for controlling access to a

10 disk, comprising of:

| means for determining a position of a data
block on the disk to minimize a rotational delay time
at an average distance of-movpment each time the disk

. is accessed by a head;

15 " means for scheduling an order of a
plurality of disk access requests to minimize an amount
of movement of the head when the disk is accessed by
the head; and’ |

' means for accessing the disk by the haad

20 based on the result of the sohadnling.

23. A appearatus as set forth in claim 22, wherein
said means for'défétmininQﬁi position further comprises:’
means for determining a skew so that the
_ 25  rotational delay time at the average distance of
-
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of —+he- numher of cylinders; 5 Bc is a nunber of
dat a. bl ocks - ' exi-sting in one cylinder;

[err]s is a skew in units of radians; [err]g
inagap in yy sﬂé radi ans; and 10

[err] is a rotational speed ' pcadrsmpimec) -of
t he di sk. 8. A nethod of controlling access to a recording
disk as set forth in claim11, wherein: 15 _ t he recording
disk is divided into first regi ons f62. use when the head noves from
t he inner circunference to the outer circunference and second
regions for use when the head noves fromthe outer circunference to
the inner circunf@o¥ement ninimizes at the timpcofiagoesds ixfi dhe dlsk biye
position of the data bl ock on the recording disk determ nes the
position of the d&bhg Begdk 8Rdthe recordi ng di sk based on an opti mum
skew and a gap in the respective regions based on the direction of
novenent of the head; and 29ueans for determining cthe) positdondofi the

sel ectively accesses WO 97/ 16783
PCT/ JP96/ 03109 data block on the disk based on at least the determined

5 skew, wherein said skew indicates an angular difference
in = 33__ roumfarantial diraction between the start of

adjoining blocks.

| 24.  An apparatus as set forth in claim 23,

10 wherein said means for determining dete:min;é the
position of the data block on the disk based upon, in
addition to the skew, a gap, said gap indicating an
angular difference betuaen'a_start and an end in th;
same data blook.

15

25.. An apparatus for controlling access to a
recording disk, comprising: _
a skew determining means for determining a '
skew so that a rotational delay time at the average

20 distance of movement when a head accesses the recording
diik is minimized;

a block allocator for determining the
position of a data block on the recording disk based on
at least the determined skew; and |

25 a scheduler for scheduling an order of a

LB
0 g



54 only the first and second reglons I n.accordance with the
direction of novenent of the head 9 A net hod of

control ling access to.a recording 5 di sk as set forth in claim8,

wher ei n the first regions and the second regions on

the recording disk divide the disk into a plurality of at - least two
portions al onYy®H@6MBAdi al direction and both "~ of the fPGEIPAYMHNS”
and second regions are allocated 10 so as to be dispersed fromthe

I nner nost circunference . to the outerpgygst circunference on the disk
10. An apparatus for controlling access to recordi ng di sk,
conprising: 15 .. a skew determ ning neans for determning a

skew so that a rotﬁmtydgkah&gvdﬂk tiﬁ%ﬁﬁeii&ﬁe t so tiiat ¥he® Of

novenent when a head acceSses the recording IS mnimzed;

a data bl oCK ar f ANGiGHAETEAN Rob@kenEor tHiFLRRN BbBbnéd Sl WOtna! A data

bl ock on the recordi ng di sk based on at |east the determ ned skew,
~and _ time o acBasY' bf%ﬂ?%%o&&&nﬁ%ﬂylw&w K=& and of
a plurality of input disk access requests so t he anount of
movenment of the hqgrhdadgones small at the 25 time of access of the
recordi ng di sk by the head, and

5 the head accesses the recording disk based

on the results of the scheduling.

26. An apparatus for controlling access to a
recording disk as set forth in claim 25, wherein
10 the block allocator determines the position
of the data block based upon, in addition to the skew,
a gap indicating the angular difference between a start

and an end of the same data bloock.

15 ' 27. An apparatus for controliing acoess to a
recording disk as set forth in claim 26, wherein the
block allocator determines combination data regarding
each combination of the skew and the gap for a
plurality of data blooks and selectively uses the

20 oonbination data in aocordanoe with the position of

aaoh dnta block'on"the reading disk.

28. An apparatus ‘for controlling access to a
reconding disk as set forth 1n claim 25, uharein tne

25 block allocator changes the size of the data block 80

D R Y
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55 _ wherein . the head accesses the recording disk
based on the results of t he . schedul i ng. 5 ; 11. An
apparatus for controlling access to a ' recordi ng disk as set forth In
claim10, WO 6783 the data bl ock arrangPR¥:

determ nes the position of the data bl ock based upon, in addition to
t he skew, a gap indicating the angw4ar di fference between a 10
start and an end of the sanme data bl ock. 12. An apparatus
for controlling access to a recording disk as set forth in claim 11,

wherein the dat athat the Yap‘Usdbbastane m&n&eh&%mehgﬂmmon data
15 regardi ng each conbination of the skew and the gap for

plurality of dat plweosqhgcﬁgﬂy élsq,mg oo gi nat i on dat a
I n accordance with the position of each data b ock on the recordi ng
di sk. 20 13. An apparatus for controlling access to a

29. An apparatus for controlling adcsss to a
5 recording disk as set forth in claim 25, wherein the
skew determining means dete:hinas the skew in |
accordance with a change of a gap of the data block
based on a difference of thé radius of the recording
track.
10
30. An apparatus for controlling access to a
recording disk as set forth in claim 25, wherein:
the scheduler changes the order of a
plurality of requests for disk access so that they.are
15 arranged in an order starting from one nearest to the
head nhbn the head is moved from the current position
toward one of an inner cirocumference and ocuter
cirouﬁterence of the recording disk; and
the block allooator datc:minoa the position
20 of the data block on the recording disk based upon, in
addifion to the skew, a gap indicating an angular
difference between a start and an end of the same data
.block; such that a difference between h_delay t;mg.
Td(L) given and a seek time Ts(L) near aﬁ average sQak

25 .distance La given by the following gguation (2) becomgs

* [4 L M s *




recording disk as set forth in claim10, wherein the data bl ock
arranging neans changes the sjize of ‘the data —~plock so that fhe:gap
.i's constant- over the entire . region fromthe outside to.the inside of
the recording 25  disk. ' WO 97/ 16783 L ,

PCT/ JP96/ 03109 56 14, An
appar atus forVO8H4"8} | i ng access to a recordi ng di sk BEIAIREGFO3Mr t IT i n
claim10, wherein the . skew determ ning nmeans determ nes the skew in
accordance wth a change of a gap of the da% bl ock 5 based on a
difference of the radius of the recording track. 15.
.An apparatus for controlling access to a recording disk as set forth
in claim210, whereggeeridisntly small in ooiﬂ&ifiﬂ%? 3N gﬁ@gf? ges the
order of a plurality g} requests for disk g%ggsghso that they are
arranged in an or de¢crd AMwhera,f rom one nearest to the head when the
head in noved fromthe current position toward one of an inner
~circunference and outer rakh)=(LoBdOsFOY+2REG /0 t he recorqwg di sk; and

the data bl ock arrangi ng mean. determ nes the

Las=Lt/(N-1) (2)

5 where, L is & seek distance in units of the
nnﬁber of oylinders;
Bo 1§ a number of data blocks
existing in one ocylinder;
68 is a skew in units of radians;
10 Og iz a gap in units of radians;
® i8 a rotational speed (xradian/sec) of
the aisk; |
- Lt is the maxiﬁum value of the |
distance between access positioﬁs of
15 _ ; the two ends when arranging tha
access requests in order in units of
the number of cyiindersz
"N is the number of access to be
.simultaneously proaegsed: and s
20 ' m is selected so as to become the
smailesf iifhin a range where Td4(L)
exceeds the seek tine Ts(L) at the

seek distance L.

25 31. An apparatus for controlling access to a -
e —
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position of the data block on the recordi ng di sk based . upon, in
‘addition to the skew, .a-gap indicating an - angul ar difference between
a start and an’'end of the 20 sanme data bl ock, such that a difference -

bet ween a del ay

aver age

beconmes sufficiently smal

where, 25
(1) :
57

wher e,

of data bl ocks

t he di sk;

WD 97/ 16783

time Td(L) given and a seek tine Ts(L) near_an

WO'9ZR6M3 dj st ance La given by the foll owi ng Equaf$ 109
I n conparison wth the rotation cycle,

Td(L)=(L.Bc.[err]gglerr]g+2mi)/[err]

La=Lt/ (N 1)

PCT/ JP96/ 03109
(2)

\ L iS pe562UifySALEKE as Betiforth in claim 25, wherein:
of the nunmber of cylinders;

10

15

20

25

Bc is a nunber

S5 the scheduler changesitiid dgdeir 8fcacy! i nder;
[err]s is a skew in units of (
[err]g is a gap | prupaistPfof requests for disk access so thati¢hey; arél
[err] is a rotational speed

radi ans;

(radi an/ sec) of

arranged in the order of appearance when the head is

moved from the current position toward one of an inner

gircumference and an outer circumference of the

recording disk and

the block allocator determines the position

of the data block on the recording disk based upbn. in

addition to the skew, a gﬁp such that a daliy time

Td(L) given by the following Equation is always longer

than the seek time Ts(lL) and the difference between the

delay tinelrd(n) and the seek time Ts(L) becomes

sufficiently small in comparison with the rotation

cycle, where

'.l.'d(I.)-(I.-Bdoes-reg) /6, and

where,

L is a seek distance in units of

the number of oylinders;

Bo is a number of data blocks

existing in one oylinder;

- Os is a skew in units of radians;.

©g is a gap in units of
radiané; and
© is a rotational speesd

(radian/sec) of the disk;
—_—
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Lt is the maxi numvalue of the ' ) : di stance

‘betueen access. LSRR —positiads of the 'twe_ends.
when 15 _ S arranging the access requests in’
order in units of the nunber -of ' . cyl i nders;
N is the nunb esses to be : Cel
sinultaneousl?ﬁ%gﬁkessed; 20 anchmUPymnuw -
mis selected so as to becomne t he smal | est
within a range 67where Td(L) exceeds the seek
time Ts(L) at the seek distance 25 L.

WD 97/ 16783 s Pog/ 9

55 16, An3Rppar’h APROTALES £05, PoRErORALhE. egias ro o

t he

ggﬁgéﬂi in%gdlrrzgngscsrétﬁag : Hehg?%la% cr)g‘]tg’fomg_r ihg?h?‘aﬁ'lz&/ 8?‘°F8&ﬂést s for
the head 15— moved from ViR THFEAROL3LPE 1 ENded SRESCFIERE | nner
regions for use when the head moves from the inner
5 circumference to the outer circumference and second
regions for use when the head moves from the outer
circumference to the inner circumference:
' the block allocator determines the position
of the data block on the recording disk based on an
10 optimum skew and upon a gap in the respecti;e regions
based on the direction of movement of the héad: and
| th§ scheduiar selectively acocesses only the
first and second regions in accordance with the
direction of_uovahent of the head.
15
| 33. An apparatus for controlling access to a
recording disk as set forth in claim 32, wherein
the first regions and the second regions on
the recording disk divide. the disk into # plurality of at
20 least two portioﬁs along the radial diréption and both
of the first regions and second regions are alloocated .
80 as to be dispersed from the innermost oircumfe;?noe_

to the outermost circumference on the_didk.

—_— T
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circunference and an outer circunference of the recording di sk and
t he—dataptrock=arranginyTeansaeter m nes tne 10 posttion ‘of the data -

bl ock on the recording di sk based upon, in addition to the skew, a
gap such that a del ay time Td(L) given by the followi ng Equation is
al ways . wiom46783t han t he seek ti-me Ts(L) and- the differpomsposostos -
between the delay tinme Td(L) and the seek time Ts(L) 15 becones
sufficiently small in conmparison with the rotation cycle, where,
Td(L)=(L.Bc.[err]s+[err]g)/[err], and : wher e, Lis a
seek distance in units of the nunber of
cylinders; 20 ' ' Bo is a nunber of data bl ocks
exi sting in one cylinder; - [err]s is a skew
in units of radians; [err]g is a gap in
units of , : radi ans; and 25

[err] is a rotational speed . WO 97/ 16783

PCT/ JP96/ 03109 59

(radiran/ sec) of the disk.
FIG. 1

< DISK =
41 #3  #5 #2 #4 |
Y vV Yy vy:

MOVEMENT OF HEAD

1/ 1% ' -



17. An apparatus for controlling access to a ~ recording disk as set
f orrr It et o e e T T e e TecordirmyTdiske TS vided
into first ' regi ons for use when.the head noves fromthe inner
circunference to the outer circunference and second regi ons for use
when. t he heaworssuémafromthe outer =~ ° circunference to pEPIpdsiSIs -
circunference; 10 . the data bl ock arrangi ng means determ nes

t he . position of the data block on the recordi ng di sk based on
an opti mum skew and upon a gap in the respective regi ons based -on

the direction of novenent of the head, and 15 t he
schedul i ng neans sel ectively accesses _ only the first and second.
regions in accordance with the di rection of novenent of the head.

18. An apparatus for controlling access to a 20 recordi ng di sk as set
forth in claim17, wherein : the first regions and the
second regi ons on the recording disk divide the disk .into a

plurality of at | east two portions along the radial direction and

bot h of the first regions and second réegions are allocated 25 SO

as to be dispersed fromthe innernost circunference

©
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WO 97/16783 . PCT/JP96/03109 )

=60 : -o~tRe-puterost—etrrounmferenceon tThEe dIrsKk.~ - 10.

A et hod for controlling access to a._disk, conpr|5|ng the steps of:
5 -~ determning a p03|t|on of a data bl ock on the _ di sk
o) n1n|n1ze awbabagisenal delay time at an average- © di SPCTIER96/03109 - . -
nmpvenment each tinme the di sk is accessed by a head;

scheduling an order of a plurality of disk 10 access requests to

m ni m se an anount of novenent of t he head when the disk is accessed
by the head; and : accessing the di sk by the head based on
t he result of the scheduling: - 20. A nmethod as set
forth in claim19, wherein sai d stFpleg deE;nrn ning a position
further conprises the steps of: determ ning a skew
so that the rotational delay tinme at the average di stance of novenent
20 mnimzes at the tinme of access of the—d y the head; and
determ ning the position of the data bl the di sk based on at

| east the determ ned skew, wher ein i ndi cat es . an angul ar

difference in a CALCULATE Bec i~ S1
I " ;

CALCULATE 60gph-S2.
i ) :
T .
Td(L)=(BcOsL+6g)/ w
[ Ls3-1
();=0 ~ S3-2

S3-3
(o

7 (Su4 |
6 s= 0s+delta

J

B o

" ‘ —
INITIALIZE POINTER OF - |_g4
PHYSICAL ADDRESS

OBTAIN LOGICAL SECTOR NUMBER
|”. FROM PHYSICAL ADDRESS |

L —— {85-1
WRITE TO BLOCK MAP  [\_S5-2

\ - - -
CALCULATE NEXT 'l-s5-3 ’\'55
PHYSICAL ADDRESS

END

3/ i



25 C|rcunferent|al dlrectlon betmeen the start of : WD 97/16783

' PCH-3R96+63465 o) —=—adj ol i ny

bl ocks. 21. - A nethod as set forth in claim20,. wherein

said step of" deternlnlng detenlnes t he p03|t|on of the 5 data bl ock on
the .di sk basedemerss i n addition to the ‘skew;' a gap, PETIJHOGBS -

I ndi cating an angul ar difference between a start and an end in the
sanme data bl ock. 22. An apparatus for controlling access to
a 10 di sk, conprising of: - means for determning a
position of a data bl ock on the disk to mnimze a rotational delay
tinme at an average di stance of novenent each time the disk S
accessed by a head; 15 J:mﬁgp r schedul i ng an order of a
plurality of disk access requests to m € an anount of novenent
of the head when the disk is accessed by - the head; and

nmeans for accessing the disk by the head '

MOVE DISK HEAD TO CYLIDER #0 ~S11

READ AND FETCH N NUMBER OF | §12-1
ACCESS REQUEST

OBTAIN PHYSICAL ADDRESS OF N L~ S12-2
NUMBER OF ACCESS REQUEST . ~ 512

[ _ .

REARRANGE N NUMBER OF ACCESS } $12-3
REQUESTS IN ORDER FROM |
SMALLEST CYLINDER NUMBER

TRANSFER REQUESTS ~S12-4

WAIT FOR END OF TRANSFER-S12-5
S12-6

TRANSFER
OF ALL REQUEST
- ENDED?

NOTFY END  h-S12-7

1

S12-8

REQUEST OF

NUMBER IS NOT STORED
IN ACCESS REQUEST -

BUFFER_

4 /11



20  based on 't he result "of__,t he _schedul ing., 23. A

apparatusTasTSer TorriTThTCrarm 22, - Wher 1 n sard nmeans for
determ ning a position further conprises: . - nmeans for
determ ning a-skew so that the 25 °~ rotational delay tine at the average
di stance of WO97/16783\\D 97/ 16783 : ' PCT/JP96/03109 - -
PCT/ JP96/ 03109 62 novemnment
mnimzes at the time of access of the disk by _ t he head; and
means for determining the position of the data bl ock on the disk
based on ,at | east the determned . 5 skew, wherein said skew indicates
an angul ar difference in a circunferential direction between the
start of adj oi ni ng bl ocks. 24. An apparatus as set
forth in claim?23, 10 = wherein said nmeans for determ ning determ nes the
position of the data block on the di sk based upon, in addition to
the skew, a gap, said gap indicating anEloﬁ 5ngu| ar difference between a
start and an end in the same data DbIMOtk.™ - -
4
Ts(L)
SEEK TIME

SEEK DISTANCE

5711



15 - 25. An apparatus for controlling access to a
I CCoFah-RG—GH-Shkr-CORPHI-Si NQ: st ———a—skew-det-er-m-ni-fig—means ‘ f or

determning a skew so that .a rotational delay time at the average
20 distance of' novenent when a head accesses the recording disk is
-m.nim zed; WO 97/16783 ~a block allocator for determ ni per/ipven3109 -
position of a data block on the recording disk based on at |l east the
determ ned skew, and 25 : a schedul er for scheduling an order
of a WD 97/ 16783 o :
PCT/ JP96/ 03109 : 63 ~plurality of
i nput di sk access requests so that the - amount of novenent of the
head becones small at the time ofFech:ss -zf the recording di sk by
t he head, and wher ei n 5 « the head accesses the
recordi ng di sk based on the results of the scheduling. _
26. An apparatus for controlling access to a _ recordi ng di sk as set
forth in claim?25, whergin START PHYSICAL | START SCS! : TOTAL
: BLOCK# ADDRESS LOGICAL |NUMBER OF
| (cyl. /Mediasec.})| SECTOR SECTOR

o (1/_0/0) 12 19

1 | (2/0/8) ) 19

2 “4/0/74) 52 19

3 (6.70/0) 72_ 19

4 (7/0,/8) 92 19

5 (9/0/4) 112 19

6 /11



10 . the bl ock aIIocator determ nes -t he p05|t|on - of the
daf& Brock based Upon, 1w addition to the sKew, ~d gap 1 ndicating-the
angul ar di fference between a start and an end of the same data

bl ock. 15 27.. An apparatus for controlling access to a
‘recording disVOY/EM forth in claim26, wherein the IPICTORIGAB109C at-Or
det erm nes combi nation data regarding each conbi nation of the skew
and the gap for a- plurality of data bl ocks and sel ectively uses the
20 conbi nati on data in accordance wtlF!? pogtl on of each data
bl ock on the readi ng disk. *AnTapparatus for controlling
access to a recording disk as set forth in claim25, wherein the 25
bl ock al | ocat or changes. th,F (il ze of the data bl ock so WO 97/ 16783
PCT/ JP96/ 03109 rlyl m= m=1 " gm=0 that the gap
is constant over. the entire redi utside to_ the inside of
the recording disk. €9/ w+2Tr ®B&thol | i ng access

toa 5 recordi ng di sk as se erein the-
09/ w+Tr m=—2

g/ w /m=-—3

NISTANGF | (€Y1 INDER)

Td(L)

g,/ w+2Trot

09/ w+Trot

g/l

La  DISTANCE L (CYLINDER)

FIG. 11A YYY __ vwy

FIG. 11B | Yeyvvy
FIG. 11C Y Y Y Y v ¥y
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skew det erm ni ng nmeans determ nes the skew in accordance with a

- charge—ef—a—gap—of—the—dat-a-btock— ~—paseyd™om a a1 Terence ofr ihe

radi us of the recording ~ track. 10 . ' 30. _.An apparatus
for controlling access to a " recording disk as set forth in claim 25,
~ wherein: WO 97/16783 t he :schedul er changes the- or der pot/JP96/03109 -
plurality of requests for disk access so that they are 15 arranged in
an order starting fromone nearest to Ftﬁ lzhead when the head is
moved fromthe current position t rd » of an inner circunference
and outer circunference of the recording disk; and

the bl ock allocator determ nesjthe position- 20 %RH%?dlata bl ock on the
recordi ng di sk based upon, in [ addition to Lhe skew, a gap indi.cating
an angul ar di fference bgtween a start an f the sane data

bl ock, such that a di DMBRMEADet ween y time ;Lgtk) gi ven and a
seek time Ts(L) near an averag \7 y the

foll owi ng Equati on (2) becones :
PCT/.JP96/ 03109

..............

65
Tmax

La _ DISTANCE L (CYLINDER)

FIG. 13

DISTANCE L

FIG. 14




sufficiently siall i

n conpari.son-vith the rotation cycle, wher

e,

(2) 5

TdTL=(T.BC. [errjs+[errjg+zml)/[errj
: “where,.

nunber of-cyllnders

bl-ocks

Lt

WO 97/16783

[err]s is a skew in units of
a gap in units of
speed (radi an/ sec) of

I's the maxi num val ue of th

access positions of

t he

t he number of
access to be
mis selected
a range where
the ’
apparatus for

radi ans;

D Ca=Lt7/
- Lis a seek distance in units of the

Bc is a nunber of data

~existing in one cylinder; PCT/AJP96/03109

radi ans; [err]
| FIG. 15 ferr

t he di sk;
{ START '

15 the two ends when arrangi
acce rder in units of
cylinders; INITIALIZE POINTER OF t he nunber of

SO as

§Y§*§rocessed; and s

snmal | est wi

PHYSICAL ADDBESSI| t aneou
10 Decone tne

Td( Ly exceeds the seek tine Ts
PECIDE INSWEHCH! REGION OF F./B 2R S32-1 31. An
cqnyr ql 'l isbies ERAIRE BLOCK EXIST ? -
S32-2 N
F?T_ > $32-6
v fa.u-a ¢
OBTAIN LOGICAL SECTOR CALCULATE NEXT
NUMBER FROM PHYSICAL || PHYSICAL ADDRESS
ADDRESS r
. |
WRITE TO BLOCK MAP S32-4
I |
WRITE “F" ON BLOCK MAP | S32-5
1 —
CALCULATE NEXT  _S39.
PHYSICAL ADDRESS S32-6
S32-7
INNER
CIRCUMFERENCE
READ ?
R T '
INITIALIZE POINTER OF
PHYSICAL ADDRESS N-S33  s32
- —1
lg=-—0g ~-S34
1 .
WRITE TO BLOCK MAP |~ S35
(SIMILAR TO STEP 32)

9 /711
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WD 97/ 16783 "  PCT/ JP96/ 03109

6 6 Feecert-Rg-gsk—as—Set—Fortir—mcrarm 25— Wier e m _
the schedul er changes the order of a - plurality of requests.for disk
access so that they are arranged in the order of appearance when the
head is 5 wowemerhsf rom the current position toward one of panJIPIsedred -
circunference and an outer circunference of the recordi ng disk and
the bl ock all ocator determ ne, the position of the data bl ock on the
recordi ng di sk based upon, in 10 addition to the skew, a gap such that
a delay tine Td(L) given by the followi ng Equation is always | onger
than the seek tinme Ts(L) and the difference between the delay tine
Td(L) and the seek tinme Ts(L) becones sufficiently small in
conparison with the rotation 15 'cycle, where .
Td(L)=(L.Bc.[err]s+[err]g)/[err], and wher e, Lis a
seek distance in units of t he nunber of
cyl i nders; Bc i s _a nunmber of data bl ocks 20
existing in one cylinder; FlG. fs [err]s is a skew
in units of radians; [err]g is a gap in
uni ts of
START PHYSICAL | START SCSI: TOTAL
BLOCK# ADDRESS LOGICAL |NUMBEROF} F./B
{Cyl, NModia, seu.) &CTon SECTORS
0 (0./0,/0) 0 40 F
1 (072/8) 40 40 F
2 (0./5,/0) 80 40 F
3 (1/0/8) 120 0 | F
4 (1./3/0) 160 40 F
5 (4/2/0) 480 40 ' F
6 (4/4/8) 520 40 F
/—\___‘
N — ] ———'—_"‘ﬁ\
5013 (2/0/0) 224 40 B
. 5014 (2/2/8) 264 40 8
5015 (2/5/0) 304 40 B
5016 (3/0/8) 3 40 B
5017 (3/3/0) 384 40 8
1 —

10 /7 11 .



radi ans; and . ﬂ ' ' - lerr] is a rotational speed 25

(radran/séc) of the disk. WD 97716783

PCT/ JP96/ 03109 . : - 67 : 32. An
apparatus for controelling access to a " recording disk as set forth in
clai m 25, wheWa $7/16783 the recordi ng di sk i s #cviessdsiont o -
first ‘'regions for use when the head noves fromthe inner 5
circunference to the outer circunference and second regions for use
when the head noves fromthe outer circunference to the inner
circunference; " t he bl ock allocator determ nes the
position of the data bl.ock on the recordi ng di sk based on an 10
opti mum skew and upon i E S i i ons based on the
direction of novenent §Fgﬁﬁghﬁg§ ? éﬁdﬁ§£££8§b££P t he schedul er

sel ectively accesses 0@1& Sllocato first and second regions in accordance

with the i r'ection of novenent of the head. 15 33. An
apparatus for controll is’&e@ﬁﬁ%ﬁ@ to a recording disk as set forth in
claim 32, wherein ' the first regions and the second
regrons on - 3 ... block map:

4 ... access request buffer;

S ... GiaR;

6 ... SCSI device driver;

7 ... physioal gddress table; and

8 ... data buffer.

11 7 11



t he recording d| sk di vi de the di sk [ nto a pl ural ity of at 20gmal eaﬁkyﬂt'h&%ﬂ'“é
portions al ong the tadial direction and both of the f et egi ons [t’o!_f
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