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DCBKICAL FIBLD 

'1'he present invention re1atea to a method of 

ooatro111Dg aoaesa to a reoor41Dg disk requiring a ~gh 

10 transfer apee4 and aooeaa to ~aoontilluoua positions on 

the d.i.ak (raudoa acoeaa) au4 to an apparatus for tile 

·-· 
BACltGR01JllD AR'.r 

A1ong vi.th the inoreaae of the speed of 

15 computers, 41.slt storage 4ev.t.aea wbi.ah enabl.e high 

speed., ralldoa aoaesa have been becoming ~areaaing1:r 

i.mportant. l:n reaeat ,.ears. part.t.aul.ar1y :lD the 

tealmo1og:r for mal.tU.41.a. now the focus of ao maoh 

attention, it is easent:Lal. to aooeaa.the motion 

20 p~oturea and auUo atore4 OD the d:Lslt aa d:Lg:1ta1 data 
. . 

at a high speed.and from poa:Ltions OD the 41.slt separate 

from each other. Rame1y, a h:J.gh.transfer speed and real 

time property are reQD1.re4 for the storage of 

aml.t.:Lmetia data such as motioa pioturea and awlio. 'rile 

25 high transfer speed natural.ly beoomes neoesaary when 
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hand.l.ing a 1arge amount of motion pioturea and audio. 

l'urthezmore. the real. tae property requires 

that an upper limit of the processing time not be 

uoeeded. J'or mmmp1e, the llOVellellt becomes awkward 

5 un1ess 30 frames are saooeasive1y disp1ayed per aeoond 

at constant interval.a ill the 110tion picture. 

Farther. U not able to keep up wt.th the 

aapabi1:1.t:Les of the disk and there :La :l.Dsuffia.:Lent audio 

c1ata. the sound breaks off and unp1easant no:Lae ia 

10 generated. In th.la way. 1.f the data of mu1t:l.Da4ia are not 

prepared and uaed at their respeat::l.vel.y speci:f:l.e4 tuaea. 

the va1ue of the 1Dfo%'1Dat:l.on drops sharp1y. 

Aaoorc11Dg1y, ill tile storage for mal.tiae41a. :Lt is 

:lmportant tbat the upper 11.mit be guaranteed. that :Ls. 

15 that the prooessiDg oan be carried out :1D that t:Lme 

even :lD the worst oase. Othenr:Lse, even if satiafy:Lng 

the spec:l.f:Loat:Lons in t81'1118 of the average perfo111111111ce. 

it :la poss:Lb1e that the data will be too 1ate at some 

periods of time. '!he guarantee of the maxim va1ue of 

20 the prooess:Lng time :I.a ref erred to as the rea1 time 

property and :I.• an :l.Dd:l.sp•aab1e function in the 

mul.timetia f:l.e1c1. 

In the storage of :lnfoxmation for computers. 

· improvement of average ·pe~oJ:'llUIDae bas. been the primary 

25 target. 'l'he worst value was not always kept l.ow; that :La, 
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there was a 1arge var.:l.at.:l.on in atorage prooeas.tng t.:Lme. 

'!b.:l.s po:lnt stands .in sharp oontr-t to storage 

requ:Lrementa for mul.time41a. 

In adclit:Lon.. in the main f:Le1411 of 

5 applioati.on of mu1tim.e41a,. suooeaa:lve aooeas to data at 

phrs:loa1l.y separated pos:lt:loDa (random access) moat be 

able to be oarried·out at a high speed. For examp1e,. 

video-on-demand (VOD) is a system a11owing a 1arge 

Dumber of vi.ewers to oall up and v.:l.ew the programs tb.ey 

10 J.ike at the times tb.97 .lilce. ID order to real.i.ze this .. 

.:Lt .:ls neoess8%7 to process the requests from many 

v.:l.ewers .:l.n paral.l.e1 and QD:lokl.J" prepare the clata of the 

parts that the vi.ewers are csurrentl7 watohing. For th.is 

re-on. :Lt becomes neoesaazy to trace the sources of 

15 movies, etc. stored. at a varietr of locations on the 

disk at a high speed. 

Further. :l.D .reoent years, vi.4eos and mov:les 

have been ecU.ted bl' using not tapes and f:LJ.ma,. but 4:1.sks. 

W.:l.tb. a tape. wen :l.DsertiDg a scene of a few seconds 

20 .:l.Dto a poa.:l.t.:l.on near the start o:f a program o:f, for 

ezaap1e.. one hour.. to prevent- overwri.ting .:l.t .:I.a 

neaesaaxy to slU.ft to.the rear a11 of the n4eo after 

that insertion poa:lt:lon and therefore re-record the 

program. U'Dl.ike high· apeec! reproc!aat.:l.oD of ana1og 

25 audi.o cassette tapes, suoh re-reoordiDg of video 
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progr- reqm.res ab011t one program's worth o:f ti.Ille. so 

the ef:f:l.o.ienay :I.• poor. lf.ith a cliak, however. siDoe 

ran4oal aoaeaa i.a poaai.b1e, :l.t :I.a posa:l.ble to place the 

inaert:l.on port1on at another poa:l.t:l.on on tbe 4:1.ak, jmap 

5 once to that poait:Lon and aooeas the :l.naerted v:l.deo at 

the tilDe of reproduat:l.on, and then return to the 

or:l.gillal. poait:lOD and aonti.Due the reproduat:l.oD Of the 

v:l.deo. !'aJd.Dg t!U.a methodologr a atep :further, there J.s· 

Jmown a teobnique whu:eiD each scene (out) of the 

10 program :Ls placed at different·poa:l.t:l.ona on the 4:1.sk 

and traalt them at a h:l.gh speed at the ti.me o~ 

raproduot:l.on so as to make :l.t appear aa :l.:f a a:l.ngle 

tape were bei.Dg rapro4uaecl. BJ' doing th.is, J.t :I.a 

posaJ.ble to awi.toh scenes an4 ahange lengths jUBt b7 

15 abangug the order of traoJrtng of the data on the clisk, 

therefore the effioien07 of editing is extremel.y high. 

'rh:l.s :I.a re:ferrec1 to as non-linear ecliti.Dg. Rote that. 

:l.n th:l.s oaae aa well. .:Lt :I.a neoeaaazy to track 

pl17a.1oa11y separated pos:l.t:l.ona OD the d:l.ak at a h:l.gh 

20 speed. 

As seen in these examples, 1D tbe f:l.elcla of 

app1J.oat:l.oD of mul.tillled:l.a, :l.t 1• extremely j,mpo~tant to 

aaoeas the data at a higb speed while traaJd.ng 

4iacontiDuoua poa:l.ti.ona oD the tiak (tl;d.a J.s referred 

25 · to as random· aaoeaa) • but the time for the movement of 



W097/16783 PCT/JP96I03109 

5 

the head to the cles:l.red oyl:l.Dcler, wb:l.oh is referred to 

as the seek time. and the t.tme for wait:l.Dg for the tiak 

to rotate unt:l.l the start of the data appears iD the 

oyl.:Lnder,, whiah :Ls referred to as the rotational delay 

5 time, are necessary for movement to d:lacont:l.nao1is 

pos:l.t:l.ona. 'fhese times are referred to as the overhead 

of the access. ~e l.onger this is compaz:e4 with the 

time for actually aooeaa1Dg the data, the longer time 

:Lt takes for the transfer o:f data from the 41.ak and 

10 therefore the 1owez: the pez:foz:manoe. 

Now. when -•wa:l.ng that the seek time of 

the 41.ak .:U -'l's and the rotationa1 4el.ay time :La '!r, the 

overhead o:f the Mak aooeas becomes 'ra+'.rr. When the 

head of the 4:1.sk md.ata :l.D the clata anc1 the t.ime for 

15 actual.1y aoaeaa:lng tbe data is ft, the d:f:l.o:l.en07 

compared with a case where there :I.a no jump of the head 

to a separate pos:t.t:Lon becomes low as shown :l.n the 

fol.l.owiDg Bquat:Lon (l)a 

'ft/('fr+'fs+Tr) (1) 
. . 

20 •-ly. in comparison w:l.th a c-e where the 

data on the 41.ak are sequent:l.ally acoeaaed from start 

to.the end. :l.n the oaae·where random access :I.a carried 

out while traOkiilg the c111.ta at separated poait:l.ons,, it 

:1.a· necessary to be.aware of the reduot:l.on of the 

25 performances by that amount. Accorclingl.y, the task w:l.th 
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mult1me41a lliaks is to suppress the recluotion in the 

perf o:cmanae at the time of a random aooeaa whi1e 

mai.Dta1.n:1Dg the real. time property (to determine the 

upper 1imi.t of the prooeaa:.Lng t:Lme and guarantee to 

5 a1ways operate at a time •QU&l. to or ahorter than tlia 

upper 11.lait). 

l:n reoent years, research has been con4uated. 

reg~g the method of guaranteeJ.ng the rea1 time 

property.in tile aooesa of di~ka. !'or ezampl.e, :.Ln D. 

10 Ancleraon, Y. Osawa. ancl R. GoviDclaD. •.& Fi.1e System for 

Cont:l.Duoua Media•. ACK !'rapaaot:Lona on Computer 

I 
SJ"atema, Vol. 10, Ro. 4, pp. 311 - 337, 1992 

(herei.Ddter referred. to aa •Aza48rson 92•), an attempt 

1.s macle to improve the per:f'o:numae of a BJ'8tem by. 

15 opti.111:1.zi.Dg the re1at:LonahJ.p between the amount of tbe 

b~f er memoJ:7 for temporar11y stor:lng the clata read 

from the disk and the amount of the data to be read .:l.D 

a s:l.ng1e access. 

1fb8n 1.t oomea to the overhead of the access 

20. of the 41.ak, however, to fac:Ll:Ltate the ana1ys:l.s, :Lt . . . . 

assumes that tbe worst va1uea conceivable both for the 

seek ti.me ancl the rotational. 4e.1.ay.t:Lme occur at every 

random. acoeas. Namely, tbe t.t.ae when .ae~:LDg from the· 

1.mlenaost o:lrcnmferenae to the outermost ciraumferenoe 

25 1.a ad.opted - the aeelc time and the time for waiting 
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for ezactly one rotation is adopted as the rotationa1 

de1ay time. ~ course, :Lf mak:l.Dg thi.s assumption, the 

est:lmate of the worst value of the proceaa.:l.Dg t:Lme is 

eztremely safe, b1it such an operation is not conducted 

5 every time in actuali.ty and therefore the estimate of 

the worst value becomes vezy low ill aomparison with the 

perfoz:mance·whioh aan be derived from the dJ.sk .:l.n 

aataal.ity and such an estimate bas little significance as 

design data. 

10 Further, :1D v. Rangan and B. V.:l.D, •efioient 

Storage ~eobn1.que for D1.g1.ta1 Cont:l.nuoas 11111.timedi.a•, 

:IBBB 'rranaaations on Knowledge and Data Bngi.Deeri.Dg,, 

Vol. 5, Ro. 4, pp. 564 - 573,, 1993 (here:lnafter 

referred to as •aangan 93•), it is :lnveatigated how, 

15 when catting a video file into a plurality of segments 

and stori.Dg the cliff erent segments at 41.f f erent 

20 

25 

positions, to dete:cmine the lengths of the segments and 
.. 

the :l.Jlterval.s between segments so as to IDIU.Dtain the 

rea1 t1.llle property. 

Here too, howeVe%', when jump:Lng between 

segments (at time of random aaoesa). :l.t .is assumed that 

the worst overhead i• caused· nary time :l.n the same way 

as cleacrl~ed in •Anderson 92•, therefore a similar 

probl.em md.ata. 

ftere have al.so been attempts to keep the 
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11orat value 1ower i.il comparison with these studies. 'rhese 

enab1e real. tille random aaaeaa to be guaranteec1 w:lth 

mu.oh higher p~cmaanoea. Bach of If. Recldy and J. 

Wy1lie. •D:Lak Sabedul.1Dg a a Kalt1med1a I/0 System•. 

s ACM ma1timedi.a 93,. pp. 225 - 233, 1993 (hereinafter 

referred to aa •aeddy 93•). J. Geaael.,. J. Ban, et ai.,. 

•oe1ay-Sensit:lve llul.tiaedia on Diak•. IBBB llul.t:lmecli.a 

1994,. pp. 56 - 67,. 1994 (bere;Lnafter referred to as 

•6-el. 94•). and H. Chen. D. Kandlur, an4 P. Ya. 

10 •0pt1.mi.zat:Lon of the Grouped Sweep;Lng SoheduJ.:i.ng (GSS) 

vi.th Heterogeneous Hal.timeclia Stre ... •. ACK Hul.t.:l.med:l.a 

93, pp. 235 - 242,. 1993 (b.ere~ter referred to as 

•Cben 93•). attempts to suppress the overhead by aa:l.Dg 

a head sabeduling algorithm referred to as •scu•. 

15 •aea4 aahedul.i.Dg• :I.a a method for reduc:l.ng 

the seek tme bl" t:l.Dker:l.Dg with the order of the acoeaa 

wheJ:e it :la neoe••Br7 to access a pl.ura1.:l.t7 of 

pos:Lt:l.ons on tile 4.1.ak. file SCAR aJ.goritbm ahOllll :l.n P:lg. 

l :Ls an a1gor:l.tba :l.n vh.io.b a given plm:a.lity of· I/O 

20 reC)Ueata (11, 12,. ••• ) are sorted a tbe racU.al. 

cli.rect:Lon of the c1.111lt and aeciuential.ly processed. 

Reciprocal. operation of the head, 'tlhj,ch w:l11 occur if 

the p:rocesai.ilg :la carried out.in the order of arrival. 

of the I/O r8CJ11e&ts (11, 12, ••• ), can be prevented and 

25 .:l.n tarn the :r:eapeat:lve seek times can be reduced. As 
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tbe a1gor.:l.thm of tbe head sohe4uliDg. many a1gor.1thms are 

~own. 'fhese are ment:Lone4 J.n cleta1.l 1.D for ezmap1e B. 

De:Lte1. •0peratiDg Syste1DS•. Ad.41.son Wesl.ey. pp. 360-372. 

1990. 

5 

93• are predicated on the asBU1Dption the use of a SCAR 

algorithm. therefore are ab1e to suppress the seek time. 

Acoord1Dg1y, :Lt 1.a poaaib1e to lower the worst val.ue of 

the overhead llD4 guarantee a higher perfo%'111~ce iD 

10 comparison with •.Anclerson 92• and •aangan 93•. 

However. the only th.i.Dg wh.i.cb the SCA.II 

a1gor.:I. thlil can suppress i• the seek time. Ko all.usi.on 

has yet been made up to now about reduction of the 

rotat.1ona1 delay time. 

15 •aeddy 93• assumes that a spec1.al :function 

re:f erred to as a zero l.ateD07 access meahani.sm md.sts 

in the 41.sk. '!he zero 1atency access mechan:Lam :Ls a 

method iD wh:l.oh the data 1.s sucoeaaively read even :from 

the m1.44l.e of the 4ata at a point.of tillle when the head 

20 reaches the des:lred track and the 1ea41.Dg portion of 

the data which was not a t.:l.me is read again when the 

disk rotates one time and tbat porti.on returns• 
.. 

Accor41.Dg1y. when·tbe 4.isk rotates one time. the 

dea:Lred data o~·be Al.1 ftl.1.~l.y rea4 and therefore the 

25 total. of tbe rotat1.ona1 delay and the access of data 
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becomes the time o:f the amount of one rotation at the 

maxilllam. 

However. aiDoe f'ew·aotual disks at:ll:lze this 

meohani.am, i.t m&J' be that the aasampt:Lon ill •ae4dy 93• 

5 is not realist:l.o. 

On the other hand. •Ge1mae1 94• adopts a 

method of estimating the overhead 'bJ' alwaJ'• aMtng the 

mas:Lamm va1ae as a resal.t o:f oona:l.cleri.Dg that the 

rotat:l.ona1 delay :I.a an amount :for wh:l.ob control and 

10 prediction are tmpoaaibl.e. '!hi.a :La safe but there :la a 

lot o~ waste, wbioh poses a problem. Purtber. •Chen 93• 

treats the rotat:l.ona1 delay as a negligible oorreot:Lon 

tena. bat this :I.a not raal:l.st:l.o. For m::ample. in the 

recent high speed cliaks. the rotat:Lon OJ'Ole :ls 8.3 lllS, 

15 while if the SCAR a1gori.t!ma ia used, the maxi.mum va1ue 

o:f the seek t.t.aae 01111 be suppressed to about 6 ms or 

leas. Tb.e~ore the rotational. delay :ls 4ominant. 

J"arther, f'rom the v:Lewpo:l.Dts of the air resistance and 

the consumed e1eotric power d the motor an4 resultant 

20 heat generated. :l.t :I.a c!ll:f:l.oalt to espeat any epooh­

mald.ng improvements iD the rotat:lonal. speed :from th:l.s 

point onward. The reduat:lon o:f the rotational delay is 

the-b:l.ggest problem whioh ahoa1cl be solved. 

It :I.a a1ao po:l.ntecl out that :l.n th• u•ual f :I.le 

25 system for computers, the reduction of the rotati.onal 
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delay· 1.s important. s. Rg. •Improv:l.llg Diak Performance 

Vi.a Latency Reduot1.on•, IDB ~ransactions on Computers, 

Vol. 40, Bo. 1, January 1991. pp. 22 - 30. 1991 

(herea~ter referred to as ••g tt•) ment:1ons a method 

5 of reducing the average rotationa1 delay time at the 

time of a read operatJ.on by the method of preparing a 

copy of the data shifted :lD phase :lD the rotati.onal. 

d.treation eta. However, 1.t 1.s cli:ffi.oult to appl.y this 

method for nmltimecli.a appliaat1.ona w!U.oh involve a huge 

10 •ount of data. 

DISCLOSURB OF IRVBR'rIOR 

An object of the present 1.nvention ;Ls to provide a 

method and apparatus for aontrolling aaaeas to a 

15 reeordi.ng 4:1.ak wbi.ab. aan real.1.ze a b.1.gh speed random 

aaoess wbi.le IDlliDta:l.D:l.Dg the real time property by 

auppressi.Dg both of the seek time and the rotat:Lonal. 

4el.ay t:l.me. Suab a method of aontrolling aoaeas to a 

reaor4:1.Dg·cU.ak llDcl an apparatus therefor are preferred 

20 aa the storage for multime41.a data, demand :eor w!Uoh 

bas been :l.Dareaa:l.Dg. 

A method for aontrolling aoaeas to a reoord:l.Dg 

41.sk of the present iDventJ.on 4etendnea·a skew so that 

a rotat1.onai delay time at ian a"'8rage 4:Latanoe of 

25 movement when a bead aooeaaea the reaor4:1.Dg CU.ak 
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beooaes short: 4et81'Klnes the posit.ion of a data b1oolr. 

OD the recordi.Dg cli.ak ba8e4 OD at 1east the 4etexmine4 

skew; aahedu1ea an order of a p1urality of i.Dput disk 

acoeaa reqaests so that an -oat of movement of the 

s bead becomes amal.1 at the time of aooeaa w:lth respect 

to tbe reoorcliDg ti~ by the head; and perfonaa the 

aoaeaa to the recor4ing 41.llk by tbe head based on the 

resul.t of the aohe4ul.:lng. 

l'urther, tbe method of oontrol11Dg aooeas to a 

10 reoordi.Dg 41.ak of the present :Lnvent:lon preferab17 has 

the dete%11d.Dation of the poait:t.on of the data b1ook on 

the reoor41.Dg 4iak carried out baaed on a gap 

ill41oatUig an angul.ar ~:ferenoe between the start and 

tbe end in tbe •- 4ata b1oak in addition to the skew. 

15 Farther. the method of oontro111Dg acoesa to a 

reaord:l.Dg c1:1.sk.of the present invention pr~erab1y 

prov:t.4ea data of a p1ura11.t:7 of comb:t.nati.ona of the 

skew and the gaps an4 bas the oombUiation data 

ae1eot:lvely uae4 iD aooorc1anae with the poait:Lon on the 

20 reoorcliDg 4:1.sk. 

Further. the method o':f aontro1l.:1.ng acoess to a 

reoo2:4:1Dg 4:1.ak of the present :t.nveat:t.on Ohangea the 

si.se o:f the data b1ook ao that the gap is constant over 

the ent:L~ reg:lon from the outa:lde to the :lnsi4e of tbe 

25 reoord:lng 41.ak. 
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Further, the method of oontrolliDg acoeaa to a 

recording cl:l.sk of the present J.nvention pref erab1y 

detm:m:lnes the skew :l.n accordance with the change of the 

gap of the data block generated due to a ~ff erence of 

5 radius of the reoordiDg traak. 

Purther, the methocl of contro1.l.J.ng aaaess to a 

recordiDg d1slc of the present :Lnvention preferab1y has 

the sohedul.ing ohange the ord.er of a p1ara1ity of 

requests for cli.sk acoess so that they are ar~anged ill 

10 order from the nearest one on when the recorcling head 

is moved from the current position towar4 an :l.DDer 

oiroum£erenoe or outer 0:1.raumf erenae of the recorcli.Dg 

disk and.has the detexmination of the position of the 

data blook on the recording disk 4eterm:l.De the skew and 

15 gap so that a difference between a de1ay time Td(L) 

given b7 the fol.l.ovJ.Dg BCJUation (2) and a. seek time 

Ts(L) near an average seek di.stance La gi.ven by the 

following BQU&t:.t.on (3) becomes suff.10.lentl.7 smal.l .1D 

comparison with the rotation 07cle: 

20 

25 

'l'd(L) • (L·Bc·0a+0g+2am) /6> 

La•Lt/(H-1) 

(2) 

(3) 

where, L is a seek distance .in units. of the 

number of oy.lind.ersi 

Ba is a number of data bl.oak ez1.stiDg 

in one oylinderi 
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08 1.S a llkeW in UDits Of ra4:1.llllSJ 

0g 1• a gap 1D units of radians: 

Q i• a rotational speed (r~an/aeo) 

5 Lt is the IUUWamll val.ue of tbe 

4:1.atanoe between aoceaa poait:l.ona of 

the two ends when arrang:l.Dg tbe 

aoaeaa requests in order .in an1.ts of 

the number of 071.illders; 

10 If 1• the number of acoesaea ·to be 

a:laultaneoua17 processed; an4. 

m :la ae1eate4 ao - to become the 

smal.1eat w1th1.D a range where 'l'd(L) 

ezaee4s the seek time 'l'a(L) at tbe 

15 seek 4iatanoe L. 

P'l1%'ther, the method of controlling access to a 

reaordi.Dg 4:1.ak of tbe present 1nvent1on pre:ferab1y has 

the aoheduli.Dg ahange tbe order of a p1m:a1:1.ty of 

reciaeats :for Uak aaaeaa so tbat they are arranged* iD 

20 the order of appearance •h•n the head is moved :f:rom the 

current po,a:Lt1.on toward the 1nner circumference or 
. . 

outer aircmaf erenoe of the recording disk and b~s the 

4etermi.Dation of the pos:l.tion of the data block on the 

reoordJ.Dg cl:l.sk 4e'termi.De the skew and gap so that the 

25 · de1a7 t.:Lae 'l'd(L) given by the following Bquat:Lon (4) :Ls 



W097/16783 PCT/JP96/03109 

15 

always longer th1111 the. seek time 'l's(L) and the 

d:l.ffereaoe between tile del.ay time '.1!4(L) and the seek 

time !l's(L) beomaes su:ff:l.c:leatly smal.1 i.D oompar:Lson 

w:lth the rotat:lon 070le: 

5 !'4(L)•(L·Ba-0s+0g)/"1 (4) 

Farther. the aetbod of aontroll.iDg aooess to a 

reaorcliDg disk of the pZoesent :l.Dvention preferably has 

the memoJ:'J" cUsk 4:1.v.:Ldecl .:l.Dto :f.:Lrst .reg.ions usecl when 

the head moves from the 1nner c:LZ'oum:ferenae to the outer 
.· 

10 oircwaferenoe and •ecoad Z"eg:l.oas used when the head moves 

from the outer a.:t.r~erenoe to the ilmer o.:Lroumfereaoe; 

has the determinat:Lon of the pos.:Lt:Lon of the clata block 

on the .reoor4:1.ng 4:1.ak determine the optimum skew and 

gap in the respeot:lve regions based on the cUreot:LOD of 

15 mo"1ement of the.head; and has tbe scshedul:Lng 

selectively aoceas only the first and aeoond regions in 

aooordaaoe w.:Lth the 4:1.rect:l.on o:f movement of the head. 

J'arther. the methocl o:f oontrolli.Dg access to a 

reoord:Lng 4:1.sk Of the present :Lllvent.:Lon preferabl.y bas 
. . 

20 the :first reg:lons and the second reg:lons on the 

reoorting clisk 4:i.v1.de the tlisk into a plural.:Lty of at 

least two port:Lons·along tb.8 radial d:Lreot:lon and has 

both of the :f lr•t region• and second reg:Lona all.oaated 

so aa·to be 41.apersed.from the :l.DD8%most oiroumf~~e 

25 to the outexmoat oirOUllfe:renoe on the d:Lak. 
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ne apparatus for controlling access to a 

reoord:l.Dg 4iak of tile preaent uavention has a skew 

4etm:m:l.n:Lng mema for 4etendn1Dg the skew so that the 

rotat.ional. 4el.ay time at the average 41atance of 

5 movement when the heac1 aooeasea the recording clisk 

becomes short: a data b1ook arranging mean.a for 

detex:mi.Ding tbe poa:it:lon of a Gata block on the 

recorcli.Dg 4J.sk baaed on at 1eaat tbe det8%'1a:lne4 skew; 

and a sohedulUig means for aohe4ul.illg the order of a 

10 p1ara1.1ty of input tiak aooeaa requests ao tb&t the 

amoant of movement of the head. becomes ama11 at the 

tuae of aooesa of the reoor4.1Dg 41sk by the head. 

wherei.D the head pedozma tbe aooeaa to the reoorting 

tiak by the bead baaed on tbe reaul.ta of tbe aohed.UliDg. 

15 l'urther. the apparatus for oontroll.iDg access to 

a reoord.ing 41.ak of the present invent:ion pref erabl.y 

has the data b1ook arranging means p~ozm the 

arrangement based. on a gap indicating the angu~ar 

Uff erenoe between the start and. the end iD the same 

20 4ata b1ook :l.D a4clit:lon to the skew. 

l'arther. the apparatus for controlling aooeaa to 

a reoord.:l.Dg diak of the present Uivention preferab1y 

baa the data block. arrangiDg means have data on a · 

plural:lt:y of oombinat:lona of the skew and the gaps and. 

25 selectivel.7 use the oomb:l.Dation da~a :I.a aooordanoe with 
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the position on the reaorclt.Dg di•k. 

Purther, the apparatus for aontro1l.1Dg aooess to 

·a recording disk of the present invention preferab1y 

has the data b1oak arrang:lng means change the size of 

5 the data blook so that the gap .is constant over the 

entire region from the outai.de to the .1ns1.de of the 

recording di.sk. 

Further, the apparatus for oontroll:lng access to 

a recording di.sk of the present invention pre:ferabl.y 

10 has the skew detU'llliDing means detenaJ.ne the skew in 

accordance with the ollange of the gap of the data bl.oak 

generated due to a d:l1f erenoe of the racti.ua of tbe 

record:lng track. 

Purther. the apparatus for oontroll:l.ng aocess to 

15 a recording disk of the present invent1.on preferably 

has the sohe4ul.ing means obange the orde:z: of a 

pl.ara1:lty of requests for 41.ak aoaeas so tbat the7 are 

arranged in order from the nearest one on-when the 

reoord.:lng bead ia moved from the current poait:l.on 

20 toward an .inner o~erenoe or outer oiramaf erenoe of 

the reoorcling disk and has the data bl.oak arrang:l.ng 

means,4etm:m:lne the skew and gap so that a d.:l.fference 

between a delay tiae T4(L) 91ven by the follow:l.ng 

Bpation (5) and·a seek t:l.me '!!s(L) near an average seek 

25 distance La gi.ven by the foll.owing Bquat:l.on (6) becomes 
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auf:f.ia.:lent1y ••a11 :l.D ooapar.:laon with the rotat.:Lon oyo1e: 

5 

10 

15 

20 

Td(L)•(L•Ba•0a+0g+2mII)/Ci> (S) 

La•Lt/(H-1) (6) 

where, L 1.a a seelt Uatanoe :l.D um.ts of the 

number o:f oyl:l.D4ers J 

Bo :la a number of data bloolal 

eziat:l.Dg in one oyliDderJ 

ea is a skew iD uni.ts o:f racliana; 

0g :La a gap iD mnta of raUana; 

6l is a rotat1.onal lll)ee4 (radi.an/seo) o:f 

the tialt1 

Lt :ls the max:llmm value of the 

41.stanoe between aooeaa poa.:ltions of 

the two ends when arranging tbe 

aooeaa requests bl order :1n units of 

the number of O)"l:Lnders; 

R :Ls the number of aooeaaea to be 

a1mul.taneoaa1y prooeaae4; and, 

• :la aeleoted ao as to become the 

amal.leat with:Ln a range where T4(L) 

mr:oee4a the •eek tJ.ae ~a(L) at the 

seek cli.atanoe L. 

Farther. the.apparatus :for aontrolliDg aooess to 

a reaording tisk of the present .:ln~nt.t.on pre:f~rab.ly 

25 has the aobe4u11.Dg means change the order Of a 
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plural.:t.ty of :eqaeats for disk access so that they are 

arranged 1D the order of appearance when the head :Ls 

moved from the current pos:t.t:t.on toward the :llmer 

o:lroum:f erenoe or outer o:l.romnf erenae o:f the reoor41Dg 

5 disk and has the data bl.oak arranging means determuae 

the skew and gap so that the delay time M(L) g:l.ven by 

the fol.low:l.Dg BQUation (7) ·ia al.ways l.onger than the 

seek time Ts(L) and tbe difference between the delay 

t:Llle 'fd(L) and the aeek time 'ra(L) becomes a~ff:Loientl.y 

10 small. :Ln comparison v:l.tb the rotat:t.on OJ"Ole. 

ird(L)•(L·Bc·0s+eg)/C&l (7) 

Purtber. the apparatus for oontrol.J.:l.Dg aooeas to 

a recording ti8k of the present 1Dvent:Lon pre:f erab1y 

has the memory tisk divided :l.Dto f':l.rst regions used 

15 wh8n the head moves :from the inner 01.roamferenoe to the 

outer ~erenoe and second reg:t.ona used when the 

heac1 moves from the oater oiroumf erenoe to the :l.nner 

01.roum£erenoe1 has the data bl.oak arranging means 

det8Z'ID1.De the opt:l.mmn skew and gap :l.n the reapeot:t.ve 
. : . 

20 regions baaed on the d:l.reot:l.on of movement of the bead; 

and has the sohedal:l.ng means seleot:t.vely access only 

the f :irst and seo0nd regions in aooordanoe v:Lth the 
. . 

4:1.reot:t.on of movement of the head. 

rurther,.the apparatus ~or oont:rol.1:1.ng·aocess to 

25 a reoor41.Dg 4:1.sk of the present :l.nvention preferably 
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has the :first reg:1.ons and the second reg.ions on the 

reaorcllngtisk 41.vJ.de the 41.ak 1.Dto a pl.aral.1.tr of at 

1e-t two port:1.ons a1ong the radial 41reot1.on and has 

both of ~he f .:l.rllt regi.ons and second regJ.ons a11ooated 

5 so as to be dispersed !'ram the .:l.Jmezmost 01.roumf erenoe 

to the outermost ciroumferenoe on the 41.sk. 

In the method o~ aontro111.Dg access to a 

recorcliDg cliak of the present 1Dveut1.on and the 

apparatus therefor, wlleD arrangag the data bloolcs. the 

10 b1oaJcs are az:range4 a~fte4 in the o:Lroumferenti.al 

tireot:Lon (g:Lven a skew), there~ore control can be 

oarrJ.ed out so tbat the start of tile clesJ.red data does 

not p-s tile posJ.ti.on of the head dur:Lng the seek 

operati.on. Por thi.s reason. .it .1a not neoeasaxy to wa.1t 

15 for tile time untJ.l the atart of' tile desired data 

retm:na agau, both of the seek time and the rotat.iooa.1 

4e1a7 t.:l.ae are suppressed low, and a random aooess aan 

be real:Lzed at a h:l.gb speed while md.ntainJ.Dg tbe rea1 

time property. 

20 Further. J.D tbe aetbo4 of contro1J.ing aoaess to a 

reaor&ling 41.sk of tbe present .invent:lon and. the 

apparatus thereof, tile skew :1.s obange4 between tile 

regi.ons usecl·wben tbe bead moves from the outer 

o:Lraamferenae·to the :1Dner o:l.r~ez:enoe and the 

25 reg.ions used when the head moves from the J.nner 
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o:Lromaferenoe to the outer o.iraumferenoe, whereby the 

optilllum skew aan be given irreapeotive of the cU.reotion 

of movement of the head. 

BRIBP DBSCRIPTIOlf OF DRAWDfGS 

These and other objects and features of the present 

inventJ.on will beaome more apparent from the f ollow.illg 

desorJ.ption of the preferred embodiments gJ.ven with 

reference to the attaohed drawings, :La. whioh:. 

l"ig. l :La a d:Lagram for expl.a:Lning the re1ate4 art; 

P:Lg. 2 is a block .U.agram of the oonfigaration of 

an apparatus for oontroll.iDg access to a reoord.1.Dg d:l.ak 

aooording to a :f.irst embocliment of the present invention; 

.Pig. 3 is a f1ow ohart for ezp1aining the 

15 prooess:l.Dg :l.D the bl.ooJc al.l.ooator·shown :l.D Pig. 2: 

Pig. 4 is a flow ohart for eap1a.iniDg the 

prooeas:l.Dg :l.D the sohe411ler shown in P:Lg. 2; 

Pig. 5 is a graph show:Lng a re1ationship between a 

seek time and seek dJ.atanoe of a dr:Lve1 

20 !":Lg. 6 is a 4:1.agram for explaining a method of 

arraugement of bl.oaks on a d:Lak by the bl.oak al.l.ooator; 

Pig. 7 ia a ohart for ezp1a1n1ng the·aontent of the 

bl.ook map; 

Pig. 8 is a view for· ezp1ain1Dg the content of the 

25 prooeas:l.Dg at step 83 shown in Pig. 3; 
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rig. 9 is a graph :for eaplatnjng the content of the 

prooesaing at step 83 shown 1D Pig. 3; 

Pig. 10 is a graph for ezpl.a:LD1Dg the overhead in 

a caae where both of the •eek aD4 the rotationa1 4e1ay 

S are oonaidered: 

Pigs. llA. 11B an4 llC are views :for ezpla:tn1Dg one 

examp1e of distribution of acoeasea on the 4isk; 

rig. 12 is a graph for ezp1a1D1Dg the overhead iD 

a oonventiona1 SCAR a1gorithm: 

10 rig. 13 1• a graph for ezp1a.:1.D:l.ng the re1ationshi.p 

between a aeeJc 41atanoe L and. a 4ela7 iD a oase of 

using an upward oonvez fUllOtion enve1op.:l.Dg a sawtooth 

funot:Lon: 

Pig. 14 :Ls a view for expl.a:LD:l.Dg the proceaaiDg 1D 

15 the b1ook a11ooator of the apparatus for controlling 

aooess to a recording 41.ak aocorc1:1.ng to a second 

embocliment of the present invent:l.on; 

rig. 15 :La a f1ow ohart for ezp1aiD1Dg the 

proaeasing of· the blook a1looator :l.n the apparatus for 

20 controlling aooeaa to a recording 41.•k shown :l.n rig. 

14: and 

25 

Pig. 16 is a ahart for exp1ain1Dg the content of 

the blook map in the apparatus· for oontro111Dg aoae•• 

to a recording disk shown iD Pi.g.' 13. 
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BBST MODB !'OR CARRYJ:KG 0111' ~ DIVBlft'J:Olf 

Bel.ow, an ezplanat.t.on w.t.11 be made of the met.bod of 

contro111n9 acoeas to a reoord:lng dJ.ak according to 

embodiments of the present invention and an apparatus 

5 therdor. 

Pirat embodiment 

Figure 2 is a block diagram of a configuration o~ 

an apparatus for oontroll:l.ng access to a reaord1.ng di.sk 

accorcling to the present embo4illent. 

10 'lbe apparatus for controlJ..iDg aacesa to a 

15 

recordiag Cliak according to the present embocUment ill 

rea1ized by operation of so1!tware .in ror examp1e a 

computer. Bach bl.oak shown :l.D Fig. 2 represents a ma1.D 

program module or main data structure. 

A bl.oak allocator (arranging means) 1 4etexmJ.nes 

how the data are arranged on a 41.ak 5 baaed on a given 

fo:r:mat parameter 10. 'ftie d:l.ak 5 may be. for esampl.e. a 

magnetic cliak, a magneto-opt.t.c (KO) clisk, or a harCI 

cli.ak (BDD) ia used. 

20 ~. rormat parameter 10 ino1u4ea the -~-· of a 

25 

f:Lrat data bl.oak, the average·head movement distance La 

when ~o.11Ding the SCAR schedule. the seek t1.me 

function Ta(L) of tbe dd.ve to·be used. and the 

physical fcmaat o~ the disk s. 

The average head movement 41.atanoe La i.a given by 



W097/l6783 PCT/JP96/03109 

5 

24 

the fol.l.ow.ing Bqaat.:Lon (8) from the tota1 number of 

OJ'1.:l.Ddera Lt of the tliak and the number H of the 

aooeaaea prooeaae4 b7 one aoan. 

La•Lt/(R-1) (8) 

'!he seek t:lme '!fa(L) of the dr:l.ve is a funot.:Lon of 

the seek distance L (number of OJ'l.:l.ndera). '!he val.ae 

thereof :la determined by the meoJum.:Loal. oharaoter.:Latioa 

of the d:l.llk dr.tve used. 'fh:l.s mamaple :ls shown iD P:l.g. 

s. Bow many aooeaa requests are processed together b7 a 

10 aoan :la determi.Ded by the nature of the app1.:Loat.1on 

using th.:La 41.ak. the perfonumae requ:l.red there,, the 

amount of the b~:fer memory which oan be uae4. eto. The 

1arger the number R of the aaaeaa r&QUeata to be 

aoanned together, the more 1.mproved the rand.om aaoeaa 

15 perf~DU1Doe of the d:l.ak,, but there :la a a.lde ef:feot 

that the response t.tme is .tnore-ed as the amount of 

the barfer -ory reQm,red .:La .tnareaaed. 

fteae :fon1at parmaetera·1o·are deteDl.ined by a 

central. prooeaaiDg um.t (CPU) (not :111uatrated) bav:lng 

20 a control. program whiah manages the entire· SJ"•tem, and 

these :f oxmat par-tars 10 are provided to the bl.ook 

al.looator 1. In the ezample .in wlU.oh the present 

embodiment .:Ls ut.:Lliaed for non-1.:Lnear eclit:l.Dg. R • 10 

and La • 300 were g.:Lven to the bl.oak li:l.looator 1.· 

25 Furthermore. the s.lae of the first data block 
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corresponds to one sheet of image data and :l.s about 700 

D (Jd.1obJ1:ea) :l.n the oaae of the CC:tR-601 fozmat used in 

broadcasting stat.ions eta. Of coarse. th:La namer:l.oa1 

va1ue can be freely set .in acoordanoe w:Lth the purpose 

5 and var:Lous requested apea:Lf:Laat:Lons. 

The block allocator 1 determines at wh:Loh 

pos:Lt:Lon on the 4iak 5 each block :Ls to be pl.aced based 

on the g:Lven formatparam.eter 10. :tn·tb.ia ezamp1e, one 

b.look equals one :fr-e of an image. but of -?Ourae the 

10 fundamental concept ia aim.lar even nth data obtained 

by d1v:l.4t.Dg an llPBG or otber compressed image into 

su:Ltab1e l.engtha. or even w:Ltb auUo data. 

irhe 4:1.ak S can be aooeaaed for evexy wllat :La 

normally oa1led a •sector• reg.ton. One sector usually 

15 b&a a s:Lze of from about 512 B ('bytes) to about 4 KB. A 

doughnut shaped region in wJ:rJ.ob these sectors are 

arrange4 :l.D a a:lro1e :La referred to - a •track•. 

Furt:ber. tbe oyl.indr:Laal reg:Lon oompr:Lsing the group of 

the same traoka of a superimposed plura1:1.ty of magnet:Lc 

20 me4:La :Ls ~erred to as a •oyJ..:Lnder•. 

One block of tbe vi4eo and aud:Lo data :La usua11y 

l.arger tbaD one aeator. ~fore tbe.bJ.ook alJ.ooator 1 

al.locates a plural.tty of sectors :tor eaob bl.oak. P:lgure 

5 sbows a simple ezample of a case where there :La one 

25 magnet:Lo medi.um. ne port:Lon· :l.n.Uoated by the hatoh:l.ng 
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in Fig. 6, tbat is, an entire circumference of the 

correspond to one b1oak. ID thia ezamp1e. since there 

is on1y one mec1:1.um, a •traaJt• ad a •oyl.inur• have the 

5 same meaning. but in the caae of a dialc drive in which 

there are a pl.ural.J.ty of -gnet:l.a metia. if al.l. parts 

of the same oy11Dcler are ooap1ete1y uaed. the bl.ooka 

are all.oaa:ted to uae the acljoin.:lng oylin4era. 

~e a11ocatioD to the aeatora :Ls aarr:Lecl out for 

10 al.I. bl.oab. The reau.lt thereof :La written on ·a. bl.oak 

map 3, whereupon the rol.e of the bl.oak al.l.ocator l 

ends. 'l'he bl.oak al.l.oaato:r l 4ea:Lgnatea a poa:Lt:LoD of a 

sector b7 the aet ~ the 071:1.D4er number, the media 

number (which sheet o:.f media). and the sector number. 

15 However, 1D a clr:Lve of a SCSI (ARS'.I Small. Computer 

System :Interface) apecif:Lcation, which h- become the 

most popular :LD recent years. aerial. numbers (1ocal. 

sector numbers, oa11e4 •iog:Lcal. bl.oak a44reaaea• in 

SCSI, but lle:re :referred to aa l.og:Lca1 sector numbers so 

20 as to avoid co~a:Lon with the v:Lcleo ancl audio 4ata . . 

bl.oaks) are given to al.1 sectors in the drive ancl these 

are aaecl to access the data. For this re-oD, tile 

aorreaponclenae between t~ logical. sector numbers 

detexaiDeel by the drive and the ph'j'aica1 · 84dre••es •. 

25 that .:I.a, the ay1incler numbers, •edia numbers, and 
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aeotor number•. :ls pre11.m:lnar:l.1y atored :Ln a phya:l.oal 

address tab1e 7. '1'he b1ock a11ocator 1 converts the 

desired phya1cal a4dreaa to the log:l.ca1 sector number 

4etenalned by the SCSI ref erring to the phya:l.ca1 

s address table 7 and enters thi.s on the b1ook map 3. 

P:l.gure 7 shows an ezamp1e of a b1ock map. ~e 

infoJ:mat:l.on oorrespond:Lng to the block •o• corresponds to 

the hatah:l.ng port:l.on of F:l.g. 6. 

On the other band, the sohe4uJ.er 2 operates as 

10 fol.lows. Pirst. the CPU for manag:Lng the entire system 

determi.nes the sohe4al.e parameter 20 and prov:l.4es the 

schedule parameter 20 to the scheduJ.er.2. ~e schedule 

parameter 20 :l.nol.ucles a constant N :l.nclioat:l.ng how many 

access regueats are processed together by one scan. 

15 When the operator :Lnstracta the start of 

reproduat:l.on of a motion picture image recorded on the 

d:l.sk 5. the not :l.11.uatrated CPU having a suitable 

control. program :l.aaaea ret;111eats for acoess·to the 

blocks :l.n which the .images const:l.tut:Lng tbe mot:l.on 

20 p:l.ature image are stored for every image. ~se access 

requests 40 are stored :Ln the aooesa request bdfer 4. 

'fhe sahe4ul.er 2 aequent:l.a1ly takes out R number of 
. .. 

access requests 40 stored :Ln the access rec;ruest buffer 

4 from the access ret;111eata wh:l.oh arr:l.ved earl:l.er,, f :l.nds 

25 the pos:l.tions of the data oorreapon&ti.Dg to these 
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requests on the 41.alt 5 referr.t.Dg to the block map 3, 

ahangea the order of the aace•• reque•ta ao that the 

amount of movement of the head beoO..a the minimum, and 

generates an inatracti.on for aoaess to the cliak 5. De 

5 i.Datraati.on for the aacesa 1• made to -tch the 

ezternal. :l.Dterfaoe of tile cliak. dri.ve, and therefore :la 

converted to the SCSI protooo1 by the SCSI 4ev1oe 

dri.ver 6 and :Ls then tranaferrecl to the 41.ak 5. The 

data rea4 from 1;:he cU.ak 5 :La atore4 tempora11y .in the 

10 data buffer 8 and further tranderred to the ··v14eo 

:l.Dtedaoe of the apparatus. 

When the operator :Lnatracts the reco:i:."cUDg of data 

representing moti.on p:Loture .images, the not 1l.l.ustrate4 

CPU having a au:l.tabl.e con:tro1 program :Laauea reCJUe&ta for 

15 aooeaa to the block :lD •bi.oh the images constituting the 

motion p.ioture .1.mage are stored for every image. '.fheae 

access reczaeat• to are stored J.D the access request 

buffer 4. At tbe same time, the ialage data 80 

oonati.tuti.Dg the mot:LOD. p:Loture are transferred from a 

20 v.ideo .:l.Dterface (not sho1m.).to the data bdfer 8, and 

auoh image data 80 is tempora117 atorecl·J.D the 4ata 

buffer a. _'!be scheduler 2 aequenti.a11y takes out_N 

number of aaoeaa requests 40 stored in the access 

request ~feJ: 4 from the access requests wh:Lah arri.ved 

25 earl.:Ler. Rest the sohedu1er 2 f1D4s on the d:Lak 5 the 
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pos.:ltion of the data oorreaponcU.ng to these requests, 

referrJ.ng to the bloolc map 3. In ad41t1.on, the 

sahedu1er 2 changes the order of the aooeaa reC)Ueats so 

that the amount o:f movement of the head beqomea the 

5 min.imma, an4 generates an instraot1.on for aooeas of the 

disks. !'he i.Dat:raot:Lon for.the access .is ma4e to match 

tbe ezternal. 1.nterf'aoe of the 4.iak drive, and therefore 

1.s converted to the SCSI protocol by the SCSI dev:l.oe 

dr1.ver 6 and is then transferred to the disk s. 

10 Below, a detailed explanation will be made of the 

operation of the b1ook a1;Looator 1. 

As the format parameter 10 in P:l.g. 2, when the s.ize 

of one block, the average d1.stanae of movement of the 

head La when pedon1ing the SCAN schedule, the seek 

15 tiilae fUDct:l.on Ts(L) of the drive to be used. the 

ph:ysioal :fonaat o:f the disk 5 (number of .oyl.1.Dder11, 

number of sectors .in one traok, and number of media 

oonst.:l.tut.tng the oyl..tnder) are given, tbe bl.oak 

a1locator·1 determ:t.Dea ~e pos.:l.t1.on of each bloalc on 

20 the d.isk 5 by the procedures o:f steps Sl to SS shown :I.a 

P:l.g. 3. 

At s·tep Sl, 1.t J.a calculated how many bloolcs of the 

image. ez:Lst .111 one. cyl1Dder (Bo).· !'he total number of the 

sectors .in ODe oyl.ader .:1.8 ObtaJ.Ded by lllUJ.tipl.J'ing the 

25 num'ber o:f aeotors :in the track b7 the number of the 
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media. When thi.a :La 4:1.v14ec1 by the number of sectors 

neoeaa11r7 for ator:Lng one bl.oak, Bo :La found. 

'fbe gap Sg :La found at atep 82. 'file gap :Ls tbe 

angular dif f ereace between the leacli.Dg sector and the 

5 :fi.na1 aeotor of the b1oolt. AB au esamp1e, 1D tbe cue 

o:f the b1ook 1.DdJ.oated b7 hatahiDg :l.n PJ.g .. 6, the start 

ia the sector •o• o:f the track •1•. and the end :La the 

sector • 6 • of the track • 2 •. therefore the gap 69 :Ls 

5/12tha o:f the o:Lro~ereaoe, that ia, Sn/6 rad:.lan. 

10 '!ftle Skew 9a :l.8 fO'IJDd at step 83 baaed ~D the above 

data. &ere. the akev ea means the angal.ar d:Lfferenoe in 

the o:l.roumferent:Lal d:Lreot:Lon between heads of adjo:llUDg 

b1ooka. P:l.rat. by ua:LDg the poa:Ltion of the head when the 

reacling d a oerta:LD b1ook 1.a ended as the start point. 

15 wh~n represented by an equat.ion. 1:he time 'l'd(L) untJ.1 the 

head of the data reaches the aame aug1e :Ln the 

o~~erent:Lal d:Lreotion at the poait:Lon where the head 

bas ·moved from the atart point by an·amoant of L 

oyJ.iD4era. the follow:Lng Equation (9) is obtai.ned: 

20 '!d(L)•(L·Bo·9a+0g+.2·m·II) /tij (9) 

where. 

25 

L is the seek d:l.atanoe .:l.D un:Lts of 

the numbers of QJ'l.i.ndera; 

Bo is the number of bl.oaks eziatiDg :l.D 

one orl.inder; 

9s :I.a the skew ~D ~ts of radj.ans; 
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0g i.s the gap 1D um.ts of ra4ians; 

·~ .:I.a the rotational. speed 

(radi.an/aec) of the 41sk; and 

m .:I.a any hteger where M(L) becomes 

5 pos1.ti.ve. 

F.:1.gure a ezp1aiDs the mean.:l.ng of Bguat:l.on ( 9) on 

the d.:l.ak. 

In Fig. a. assume that the access of the bl.oak •o• 

bas juat been ended. Assume that the head :ls located iD 

10 the d.:l.rectJ.on of the angle 70 when seen from the 

15 

center. Row, when cJes.:LriDg to access the same block •o• 

again, .:Lt :Ls neces•llr!' to wa.tt unt:l.l. the d:l.ak rotates 

ezactly by the amount of the gap 0g, therefore the 

4el.ay t:Lme of 9g/m .:I.a caU11ec1. 

Farther. for the head of the block •u•. it :Ls 

neoe&&a%Y to wa.:l.t unt:l.l the d:l.sk rotates· mractl.y by the 

angle of the sum of the gap 8g of the block • O • anc1 n 

number of b.loaka worth of skew (n8a). '!h.la takes n9s/r..> 

worth of time. S.:l.Dce the c1:1.ak .:Ls rotat:Lng, the start of 

20 the 48.ta reaches the pos:l.t:l.on at vh.:l.ch the head pl.aced 

at a time obta.1nec1 by add1ng a whole multiple of the 

rotat1.on oyal.e to the tiiDe obta.:Lned :Ln this way. 1fheD 

the hea4 moves bY n number o'I! bl.oaks, thi.s corresponds 

to movement of! n/Bc cy1:1.D4era :Ln texms o~ the number of 

25 cylinders. therefore when drawing a graph wh11e 
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plott:Lng the number of oylincler• on the abaciaaa and 

p1otti.Dg tbe 4•1•7 time unt:Ll the start :La reaohed OD 

the ordinate. l':Lg. 9 :La obtlUned. ~e larger the sJtew, 

the larger the iDcl.1.nat:Lon of the group ~ 1:1.nea. Rote 

5 that, ill the above theoJ:'f', it waa aaaumect that the 

poa:Lt:Lon (angl.e) of the head iD tile ci.rcamfu:ent:l.a1 

direction aeen from the center waa constant 

.irreapeot:Lve of the 41atanae from the center. J:n 

actaa1:Lt7, tll.ere ex:Lata a oaae where the poa:Lt:l.on :La 

10 not correctly constant depend:Lng on the meoh8nism of 

the head, bat the :Ldluence thereof :Ls a~fic:l.entl.7 

-11. and therefore .:Lt can be usuall.:r :ignored. 

As shown in l':lg. 9, tbe tille until the start of the 

bloolc arrives below the head :lD each 071iD4er :La obtained 

15 by the Bquation (9). However, a:lace the head must move to 

the desired oy1inder withJ.D thi.a time, the delay tU.e 

becomes the time unt:l.1 tbe start of the bl.oak appears the 

first time dter the seek operation. Thi.a is the overhead 

'.rd(L) wh:Lah oona14era both of tile aeek and the rotat:l.ona1 

20 del.a7. l'::l.gare 10 shows an example of this and Bquat:lon 1 

shows the def:lni.t:l.on thereof. ~ aotaal. overhead (delay 

time) :la :l.Dclicated by the bold 1:1.De in !':Lg. 10. 

Rote that the function of the seek time is 

.tnclicated by the dotted line •. In the f1.gure, 'trot is 

25 one rotation cycle. 
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At step 83-1, ·the fOJ:'llUla Of the straJ.ght l.iDe of 

m • O in Equation 3 amt l'ig. 9, that 1.s, the f'ozmula 

1Dclioate4 by the fol.1owing BQWlt.:l.on (10), :Ls found: 

lfd(L) • (L·Bc·8a+8g)/c..> (10) 

'!he subsequent steps 83-2, 83-3, and S3-.t are the 

steps for selecting the skew e. 80 that tbi.a straight 

line :I.a a1wa7s higher (larger) than the ~oti.on Ifs (L) 

of the seek time an4 aabatantiall7 i.D contact wi.th the 

fanotJ.OD of the aeek tille. '!he straight lJ.De of m • o 
10 of !'.:Lg. 10 .:Ls obtained by uaJ.ng ea ael.ecte4 Ui th.ta way. 

Steps St and SS 4eterm.1De the poaitJ.on of each 

bl.oak on the d:lak over the entire area of' the cli.ak by 

using the skew and gap obtained in the above ••J'· 
At step 84, the po:l.nter of' tbe ph79:l.oal address is 

15 iDJ.t.:Lal.ized to (0/0/0) at f.:l.rat. 

Next step SS J.a a l.oop repeated for all. bl.oolcs. Zn 

the loop. f:Lrat. at step ss-1. the l.ogJ.oal. sector 

number .ts obta.1De4 from the·physioal. address referriDg 

to the physical. ~aa tabl.e. At step 85-2, 

20 inf!onaati.on 8110h as this and the pb79ioal. address are 

wr.:Ltten on the bl.oak· map 3. !'he content of the b.loek 

map 3 is sho'tm 1.D FJ.g. 7. 

WJ:a8n the prooesa.:l.Dg heretofore :Ls encle4, the 

poi.Dter of the· 1*78:1.oal ·. acldreas 1.a moved forward :l.D 

25 preparatJ.on for the i;»rooeaaing of the next blook. The 
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pointer Ppa of the phyai.ca1 adcJreaa :is up4ate4 at step 

SS-3. At step SS-C, :it :la deci4ed for a11 b1oolul 

whether or not the proceaaiDg of steps ss-1 to ss-3 baa 

been oarr.led oat. If :it hall not been oarr:led out,, the 

S prooeaai.Dg o:f steps 85-1 to 85-3 :la carried out for the 

b1oolcs for wh:l.oh the prooeaa:lng ha4 not been carri.ed out. 

10 

Here,, the arrangement of the R-th block on the cllak 

i.aa 

( 1 l Baolarard. froa the al1ooatec! block and 

(2) In a regi.on in which the sector b&v:Lng the 

angular tif':ferenoe from the start of the 0-th block 

neareat R0a :ls c!e:f.:l.Dec! aa the start. 

Rest,, an ezp1aaat:lon w:Lll. be •ade of the worst 

overheac! :lD tile method o:f controll.1ng aooess to a 

15 recording 41.slt aocor4:1.Dg to the present aboclillent. 

In general,, the aaoeaa request 40 :ls generated w:lt:h 

reapeot to all. poa:ltJ.ons on the d:lak 5. !'he poa:lt:lona 

prooeaaed by one aoan have the unevenness :lD distr:lbut:lon 

as shown 1D F:lg. llA or 118 and are conversely 

20 4.:l.at:r.:Lbate4 ani:fozml.y as shown 1D P:Lg. 11C. In th.1.s 

ezam.p1e, the heac! moves among aiz access requests 40, 

therefore f:lve random acoeaaea and tile overhead.a 

acoompany:lng thi.a are generated. nae tota1 sum of the 

overhea4a wi.th respect to these :f:lve random. acoeaaea 

25 becomes the worst in the oaae where &11 the aoceaaea 
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are UDi.foJ:lllly 41str:l.bate4 when the function of the 

overhead ezbi.bi.ta an upward convex shape (F:l.g. llC). When 

there :ls unevemaeas ill the 41str:Lbution. the total aum 

of the overhea4a beaomes small.er than tb:l.a. In other 

5 worcls. when the overhead :lD the average tia1:anoe of' 

movement La of tbe head :ls repeatedly generated, the 

tota1 8\1111 of the overheads becomes the worst (J.argest). 

Td(L) of Pig. 10 is a sawtooth function. If '.rd(L) 

.:Ls repl.aced by a funati.on hav.ing an upward o~nvez form 

10 tha:t enve1opes th.is from the top. the above theozy 

baa1.oa1ly stands. AD ezampl.e of suah a f'unoti.on is 

shown in Fig. 12. Blat .:La. the worst overhead.per one 

aaoeaa beoomea tbe val.ue obtained by reading the '.rd(L) 

val:ae at the poai.t:l.on where the 4.t.stanoe :l.s r.a :l.n the 

15 graph of r:Lg. 10 (~ :l.D the f:Lgure). As ment:l.oned 

before. thia is an approzilaat:LoD. bat as·:l.n tile ezmapl.e 

of l'ig. 10. the ~ot:Lon of 'r4(L) and the funct:lon 

envel.op.:l.ng th1.s from the top usua11y co:lno.:l.de w.:l.th each 

other near La. therefore it can be cons.i4erec1 .in 

20 actuality that there:la Do error. Further. the 

approJd.mat:l.on is OD the sa£e aide (aide on which the 

overhead 1.s est:Lmatecl. J.arger than :lt :Ls). therefore 

there 18 DO r.:l.ak Of· est:Liltat:l.Dg the worst V&1U8 81DBller 

than the original val.ue. 

25 At step S3 sbown .:l.n F:lg. 3, the skew was selected 
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•o tbat one o:f tb.e group o:f straight 1:1.Des ·o:f the 

rotat:Lona1 delay g:Lven by the Bquat:Lon (9) :La 1ooate4 

at a poa:Lt:Lon higher tbaD the :fanot:Lon Ts(L) o:f the 

seeJ&: t:lme but near tb.:l.a aa muoh as po•s:l.b1e. By thJ.s, 

5 'l'd.(L) oan be made -all near the 4:1.atanae La.. an4 

aonseQUent17 the worst overhead. 'fmllz ou be -4e llllllll.1er. 

F:lgure 12 ahowa the overhead :1.n·a oonvent:l.onal scu 

a1gor1.tbm. In the convent:lonal SCAR a1gor:ltlm as well., 

the total sum o:f tb.e overhead.a becomes the worst when the 

10 aaaesses are um1oml.y cliatr:Lbuted.. However, ·anlike the 

present embodiment., tbere.:la DO oons:lderation given with 

respect to tile rotat.:l.onal delay. therefore even after the 

seek operation o:f the bead .:ls ended, :Lt must be 

cons:ldered that a rotationa1 delay o:f one rotat.:l.on :Ls 

15 generated 1.n the worst oase. For th1.a reason., a value 

obtained by ad.ding the ayo1e Trot o:f one rotation to 

the seek time T•(La) at La becomes the worst overhead. 

All apparent :from tile comparison of l':lg. · 12 and l'ig. 10. 

tb:la becomes a aona:l.4erabl7 larger value than that of 

20 the aethod aaaor4t.Dg to ~e present em~«i•ent. In our 

ezperi.menta. it vu aon:firaed that the worst overhead 

beam almo•t half ill the present embodt-~t in 

comparison w.:l.th that bJ" tile oonvent~ona1 SCAR algor~thm. 

Aa ezp1a.:l.De4 above, :l.n the·aJIJPar&tu~ :for · 
. . 

25 oontroll.:l.Dg aooeas to a record.:l.Dg 4:1.sk aoaord.iDg to the 
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present embodiaent, by auitab1y ae1ecting the skew and 

gap, 1.t is possible to suppress the overhead '!4(L) :l.n 

the average head movement distance La to the 1oweat 

1eve1, and the rotati.onal. del.ay t1.me can be made small 

5 by this. In the :flow chart shown in P1.g. 3, the aise of 

the b1ock had a g:l.ven f:lzed value, but aooo~ng to the 

purpose, the size of the bl.oak can be se1eoted w.ithi.n a 

oerta:l.D range. ID this c-e, both of the gap 0g and the 

8kew es can be changed, and therefore the p~s:lti.on of 

10 the strai.gbt l.:llle can be f:llle1y oontro11ed ao that it 

approaches the seek time near La. 

BJ' the above method., the overhead aocompanyiDg the 

movement among the b1oalcs :I.a greatl.7 i.mproved. Where a 

bloolc is 1arge and eztend.8 over a pl.aral.ity of traoks 

15 or· a p.lurality of oyl..t.D4ers, however, the time 

aocoapanying the ob.ange of tbe tracks and the time of 

movement to the adjoining oyl.inder must al.so be 

oons:l.clered. The times necessary for the change of the 

traolcs and the movement to the adjoining oyliDder are 

20 constant too, there£ore·bj' giving a skew among the 

tracks or aylin4ers so that the data arrives just 

beneath the head ~ter these t.t.aea e1apae, it is 

possible to prevent a long rotat:l.onal de.lay from being 

generated :Lil the bl.oak along nth tb.e ahange of the 

25 tracks and. the movement·among the cyliDders .. For this 
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purpose, the block allocator l haa another set of skew 

and gap for aaae•a in a block at tbe bigheat speed 

other tbaD the skew llilcl gap for the movement -ong the 

blooa al.reaclJ' expl.ai.Ded.. At steps S4 ancl 85 in P:Lg. 3, 

5 :Lt is 1111ff.:La:Lent to arrange the bl.oaks by aaiDg the 

latter skew and gap when arranging one b1ook on the 

41.sk. Xt :la possible to make the l.atter gap S83:0 at a11 

t:l.Dlea and just UBe the skew to absorb the change of the 

tracks and the ti.me of movement -ong cy1.:l.Ddera. 

10 ltezt, an azplanat:l.on will be macle of the 

operation of the aabedul.er 2. 

P:lgure 4 abow8 a flow obart of operation of the 

achedal.er 2. At step Sll, the head of the &lisle. :La moved 

to the OJ"li.Dder •to• at :r.trst. Then,· the proaeasing 

15 routine proceeds to step 812 at whiab tbe actual. 

aolledul..t.Dg :Ls aarr:Led out. 

At •tep 812, R nwaber of aooeas requests are read 

and ·:retched from the aoaeaa request buff er iD the order 

from the prev:Lou• (older) requests :Ln t:Lme at step 812-

20 1. :tn one access reciueat, the nUIDbera of the blocks whJ.ch 

should be aocesae4 and the 1ea4i.Dg address of the data 

buffer used for the.data .transfer are de•cr:l.be4. 

25 

Purther. the number R .:La a aon•tant preltm1nar:Ll7 g:lven 

from another control program (not s~own) •. 

At step 812-2, the block map 3 is referred to for 
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eaoh of tbe II number of aoaeaa reqaeata,, and tbe ph7a.ioal 

add.reaaea of the b1o0lca whJ.oh alloul.4 be aooeaaed 

(OJ"1inder numbers, aetia numbers,, and sector numbers) 

are con:f:1nae4. Subsef1UeDt17,. at atep S12-3, these R 

5 number of access requests are rearranged in an order 

from the smallest 07linder mmber up. By tbi.a 

operatJ.on. tile aohedul..ing of the SCAR a1gor.:Lthm :ls 

realized. At step 812-4,, these rearranged aaceas 

requests are sent to the disk via tbe dev.ice 4r:J.ver in 

10 the order :froa the -•lleat oyl.i.Dder number up and 

actual. accesses 11114 data transfers are oar2:1ed out. 

11l:len one b1oak's worth of access .:lnatraot.:Lons ls 

issued,, the end of the transfer .1s awa1.te4 at step s12-

s. and then the neat access inatraction :La :laaued. BJ' 

15 reP.atiDg th:ls II number of times (612-6),, the 

proaess.:l.ng of R number of aaoesa requests .1s ended. At 

step 812-7,, the control program .is not.:Lf.:Led that the 

proceas~ng of the R number of aaaeaaea .is ended. and 

the ser.iea of processing ooncerlllng the R n\llllber of 

20 access requests J.a ended. 

J'1Da1ly,. at step &12-8 :it .:ls 4etm:m.:lne4 whether 

an a number-of aoceaa requests :is not stored iD the 
. . . . 

aooeas request bdfer·4. Xf not, the scheduler 2 

returns ·to step s12-·1. tiikes out the nezt H number of 

25 aocess requests·, and oont.:lnuea the processing. If there 
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are not an R number of requests in the aaoe•• request 

buf£er. the prooeaaillg is paused at this step. 

Rote tbat. for ezaapl.e, the bl.oak al.1ooator 1 

arranges the bl.oolca and ohangea the sizes of the b1ooka 

s so that the gap i• oonatant over the ent:l.J:e area from 

the outs:lde to the inside of the 4.iak s. whereby the 

real. tiJDe propertJ' of the aoceaa can be farther enhanced. 

segond .. bqA;l.ment 

The aohedal.er 2 o'f! the f :lrst embodiment eapl.IU.Ded 

10 aboVe moved up to the outez:most acoeas poait~on at the 
. 

start of the next soma. 11-el.y, when the 1ast aooess 

waa carried out at ateps 812-4 and 812-5 ~ ~:lg. 4, the 

head p~o1'mtld the iDDez:moat acoeas -ong the R number 

of aooesaes. By the 'f!irst aooeaa of the l.oop for 

15 prooeas.ing the DeZt R number of aooessea. movement to 

the outside oyl.1.nder hav:l.Dg the ••lleat oyl.:l.Dder 

number :La caused. ConoernUig t!U.a movement, a seek 

operation of tbe largest l.ength from the .:lnn.ermost 

o:Lroam:ferenoe to the outenaoat oiroumf erenoe and a 

20 rotat1on&1 4e1ay of one rotation are generated .1D the 

worst oaae. S:l.Doe they ocour for every R naaber of 

aooeaaea and aiDoe the aooeaaiDg of data oaDDot be 

carried out 4ur1Dg ~1• time, this must be added to the 

total. sum of the overbeada of tile entjze aoan. O:f 

25 course. the performance is 1owered by that -oant. 
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Of oourae, it i.a possible to aooeas the d.i.ak even 

4ur.1ng the movement from the :l.lmer oiroumferenoe toward 

the oater 01.roumferenoe, but siDoe the direot:l.on of 

movement of the head becomes reTeraed, the fi.rat tezm 

5 .1D the Bqaat.ion (15), that .la, the sign of the term of 

the alcew. is reversed. Por this reason, the optimam 

skew and gap in the oaae of the movement from the outer 

oi.raumf erenoe toward the .inner oiraumf erenoe 4o not 

a1wa7s become sutable parameters for movement .in the 

10 reverse 4ireation. ft:l.s becomes a cause of tbe 

red110tion of the per.f 0D11moe when the bead moves in the 

reverse di.reotion. 

'!he apparatus for aontro1J.Ug aaoeaa to a 

reoordiDg d:Lak aoaordi.Dg to the second embodiment of 

15 the present :lnvent:l.on, whi.ch wi.11 be ezp1a1De4 be1ow, 

hmulles this problem mid provides a method of 

perform:l.Dg ligh speed data tranaf er even wllen the b.ea4 

retm:na from the Uiner oiroumferen.oe to the outer 

o:l.raumferenoe. :Firat, the bl.oak allocator 1 4:Lvi.4ea the 

20 oyl.J.ndera :lDto OJ"l:lD4era 50 1nclioate4 by the batolUng 

uae4 when p~o:cm:l.ng a scan from the outside to the 

inside and cy1:l.lldUS 51 USdwhen perfo:raWlg·a scan 

from the .:Lnai.de to ·the outside as shown 1.D :r:l.g. 14. :en 

Fi.g. £4., . the cylinders 50 marked by the 1etters P are 

25 used when perform:Lng a soan from the outsi.de to the 
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1ns:L4e, and the 07liDd.era so marked b7 the l.e1:tera B 

are aaed. when pedoraing a scan :from the 1Da:L4e to the 

outs:Ld.e. In F:Lg. 14, the 0711Dd.era are div:Ldecl J.Dto 

groups of two 0711.Dders, but the mmaber of 071:1.n4ers in 

s a group 1s not resu:Lated to th:La. fi1e 0711.D4era may be 

4:l.v:Lde4 :Lnto groups of au:Ltab1e units. 

ID the same wa7 as :Ln the apparatus for oontro1ling 

aaae•• to a reoorctl.Dg cli.ak aaoor4:.lng to the f irat 

embod1meat mentioned before, the proceaa:J.ng of steps S4 

10 8nd ss shown :Ln F:Lg. 3 after fueling tbe ake1f .and the gap 

aooorting to step Sl of P.:l.g. 3 .:La allange4 - ah.own :ln 

:P:Lg. 15. 

In F:Lg. 15, atep 831 .1D:L~ia1:Lsea the pointer of the 

phya:Lcal. acld.reas to be al1oaate4 in the same wa7 as :l.D 

15 tb.e first embo4illent. 

Sabaeqaentl.y, the reapeot:Lve bl.oaks are allocated 

to the disk at step 832. Step 832 :La a 1oop repeated 

for al.l bl.oaks. At atep 832-1, :Lt :La jad.ged whether an 

ent:l.re b~ook belongs to the reg:S.ona o~ F or the :regions 

20 of 8 based OD the phys:Loal ac1dreaa of the b.look during 

the processing. 

Step 832~2 is a brllJlOh baaed OD the result of th:La 

judgement. If. one ent:Lre bl.oolt belongs to the reg.:l.ona 

of F,, step 832-3 to_step 832-7 are_executed. Among 

25 them, step S32-3 is the same as step ss-1 in Fig. 3 and 
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is a atep for es••SniDg the aorresponding logiaaJ. 

sector nwnber by using the pbysiaaJ. address table, 

whj.le step S32-4 perfo::cma the write operation on the 

bloak map 3 .in the a111De way as step S5-2 ia Fig. 3. 

Zn oompar.:Lson with the block map 3 of the fJ.rst 

embodiment sh01ID :l.n Pig. 7, :l.n the b1oak map 3 in the 

present embod!.ment,, a flag iDcliaat.:l.Dg whether that block 

md.ats in the regions of P or the regions of B 1.s added. 

'!his situation is shown in Pig. 16. Step S32-5 1.s a 

1 O step of wr:l.tiDg r iD. till.a port.ion. 

Where a block does Qot oompletely belong to the 

regions of P in the branch of step S32-2, the 

all.ooat:l.on to that physical. adc!reaa is not carried out, 

and a pbysiaal address that oomplete1y becomes :l.Ds.1.de 

15 the regions of F is sought. At step S32-6, the nezt 

phys.1.aa1 address is found from the skew and the gap, 

and :further .:l.t is ez-ined as to wh:.l.ch regions 1.t 

belongs. Step 832-7 c1eterm1Des whether or not the inner 

a.t.rcnmferenoe llas·been read. If not, the processing 

20 routine jumps to step S32-1~ after whi.ch 1D step 832-2 

ju4gement is again ezecuted. ID th:ls way,, re-attempts are 

repeated, dur:ing whi.ch a phys:laa1 a4clress whereby the 

entire block belongs to the reg.1.ona of P is obtained. 

'!his .1.s alloaate4 to th8 bioak. 

25 !'or ezem.ple,, ill P1.g. 16, .1.D the case of the 
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87atem of arrangement of the first embodiment, the next 

block Ro. 5 waa plaae4 at the physical a4dresa (1/5/8), 

but the l.atter bal.f of the b1oak extends over the 

oy11Dder Jlo. 2 by th:l.a. !'Ile ayliDder No. 2 is· the 

5 reg:lona of B, therefore these reg:lons are not 

a11ocate4. and the addreaa whi.oh oan be a11ocated nest 

:ls &9CJ1lent:l.a117 :found. fte ph7a:loa1 address pointer :ls 

auoceaaive17 advanced and tba ph7a1.oa1 address (4/2/0) 

is a11ocated for the b1ook No. s. As in the f.:Lrat 

10 emboclimeDt, both iD the method for a11ocat:lDg. ·the 

bl.oaks w:lthout ak:lpp:l.Dg the lld.d41e and 1.n the method 

for al.1ocatug tbe b1oaka whi1e skipping the mi44l.e as 

1.n tb:la embo41meot, the re1at1.onsb:lp between tbe 

di.stance (number of aylinclera) of the raclia1 clirect:l.011 

15 and the skew amount must be kept constant, therefore 

the method of al.1ocat:lon aa ezpl.a1.De4 above :la used. 

'.rh:la :la the reason why use is not started from the 

1ead:l.Dg (4/0/0) of the OJ'1iD4er Ro. 4. !'he above 

proaeaaing :la repeated UDt:ll tbe phJ"Sioal. address 

20 reaahea the J.ml81'1DOst: oiraumferenoe. 

25 

Steps S33 to 536 perform similar processing with 

reapect to the regions of B. De start of the regions 

of Bis the 0711.nder Ro. 2 aa.shown.1.D Fig. 14, 

therefore the pointer of the phyaiaa1 adc1reaa is 

initialized to this address at step S33. 
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Subseqaentl.y, the sign of the skew is reversed at 

step S34. '!he regions of B are acoease4 from the :l.mler 

o:l.roumferenoe toward the outer oirclmarerenoe, therefore 

the amo11Dt of movement of the oy11D4er becomes negative. 

5 'lherefore, when also the s:Lgn of the skew is reversed 

correspon4:1.ng to th:l.s, tbe optillma skew for tbe 

movement of the head from tbe ins:l.de to the outs:Lde :Ls 

obtained. 

Step 835 :La tbe step for aotua_l.ly wri~iDg the 

10 data on the bJ.ook map. 'l'hi.s portion :ls aimU.ar to steps 

S32-1 to S32-6. Rote bowever, that this :I.a 4:1.fferent 

f.rom steps 832-1 to S32-7 :Ln the fo11ow.1Dg wa79: 

(1) ~ 4ata 1• wr1.tten on tbe block map only 

when the ent:lre block 1.s .1D the reg1.ons of B. 

15 Otherwi.se, another attempt is made by a new phys:l.oal 

address. 

(2) B is written on the bloolc map. 

P1.Da11.y, at· atep.836 it is 4et81"11lia.ed whether al1 

of the bl.oolul to be processed bave been processed. If 

20 not, the processing returns to step S31. Xf all. of the 

blocks to be processed have been processed, the 

procesaiDg :La paused at this step. 

P:Lgure 16 ··shows. an uampl.e of a case where 5012 

b1ocks are al.l.ooated. to the. regions of B :Ln total·~ At 

25 this time, the block number of the regions of B is 
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started from 5013. and the aJ.locatJ.on of the b1ocks :ls 

rep-ted uat:l.l the head reac.be• the :lDDermoat 

o:l.roumferenoe agaiD. 

Since the block al.1oaator 1 i.• g.:Lvea the 

5 ood:l.gurat:l.on as 4eaorJ.bed above. the aohedul.er 2 takes 

out onl.y the reQUesta for aaoesaiDg the regions of B 

from the address request buf:f er :for acheclul.:Lng when the 

head movea from the outer c.iroamference to the .:Lnner 

c:l.roam:ferentJ.aJ. 4:1.rectJ.on and takea out on1y the 

10 requeat• for aooeaa.t.Dg the reg.:Lona of B from.the 

a4dre•• request bd:far for acme4a1.:l.Dg when th:l.a .:La 

oomp1eted and the bead moves from the :l.mler 

ciroaafereaae to the outer oUGwaference. By t!U•. 
ir.reapective of the direction o:f movement o:f the head. 

15 the_rotat:Lonal delay can be al.ways suppressed to the 

mo:Lmum leve1. 

wuie a 4e1ay tiae was aaa.sed :for the head reacldng tile 

.t.Dner c:Lroumferenoe to·return to the outer 

c:l.rowllferenoe. there 1.s no aaah delay time :Ln the 

20 present second embod1ment. so the pe~ozmance of the 

disk i.s improved. 

Rote that, :l.t was meat.toned .in the :f:l.rat embodi.ment 

that. when one block was large and eztended over a 

p1ura11ty of tracks and sectors .. the'effi.o:l.enay was 

25 good J.f another skew conaider:Lng these times was given. 
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ID the present second embodiment. use of a simi.lar 

teolmiqae is poaaib.le. Xn the present second 

embo41ment. When tbe head moves from the imler 

auc:nmfereaae toward the outer o.:f.r~erenoe, the head 

5 aeQUent:La.lly moves from the inside cylinder to the 

outside cy1:1.n4er a1so iD the aaaeaaea w:l.t!Un a block. 

therefore a skew for obtain:l.Dg the time neaeaaazy for 

the ay.l:l.Dder movement may be g:l.ven :l.D a reverse 

41reatJ.on to that of mov:Lng from the outer 

10 ci.raumferenae towucl tb.e inner c:Lrouaaferenoe. 

Rote that. aa ahown .a l'.t.g. 14. by providi.ng the 

ay.liliders 50 and the 07lin4era 51 so that they are 

dispersed froa the·iDD81'11lOst oJ.roumference to the 

outermost a:l.roumferenoe on the dt.Blt. the pedo.rmance of 

15 the d:l.sk aocesa can be further .:LIDproved. 

As stated above. acaorcling to the method of 

contro1l:Lng acoeas to a recording cliak of the present 

i.Dvent:Lon ud the apparatlJS thereof. the overhead of 

the reaordUlg disk, that :l.s. the sum of the seek time 

20 · and tile rotat1.onal delay time. can be reduced and. 1D 

ad4:1.tion, the maxi.Jawa va1ue thereof aan be guaranteed 

to be a .low value. 

l'tlrther. acac>r4:1.Dg to the method of aontro11:l.ng 
. . 

access to a recording d:Lak of the present invent:l.on and 

25 the apparatus thereof, by giving a skew corresponding 
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to the cU.reotion of movellellt of the head for evezy 

. region. :l t :la posaibl.e to reclaoe the overhead 

·irreapect.:l.ve of the direction of movement of the head. 

It :la to be understood that during or ~tar tbe 

5 period 4ur:l.Dg which the head aooessea the d:lak, 

sobe4a1ing for the next acceaa movement of tile head i.a 

detena:lned. lib.en tb:la nezt aooeaa :la started, the bead 

i.a moved to a start position wh:lch .t.a d.ef:l.ned by the 

deteJ:m:l.Decl scheduling for auoh nezt access movement of 

10 the head. ID tbe case of the firat aooeaa moVem.nt of 

the head ~ter power-up of the apparatus of Figure 2, 

the head .t.s moved to a start position 4e:f:lnec1 b:!' tile 

first 4etena1De4 sohe4u1:lng after power-up. 

15 While the present :l.Dvent:lon has been cleacr:lbed. 

above w:lth .reference to preferred embodiments, it is not 

1illdted to those embod.t.ments ancl :l.Dc1udea a11 

modi:fioat:lona apparent to those ak.ll.led i.n the art. 
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CLADfS 

1. A method of controlling access to a recording 

clisk. oompr1s:l.Dg the steps of: 

deteraci.n.:lng a skew wh1.Ch mUl1m1zea a 

5 rotat.:l.onal delay time at an average 4.:1.atance of 

movement when a head accesses the reoorcling 4.:1.slt; 

determ:Lning a poa~t~on of a 4ata b1oolr. on the 

recording clJ.ak based on at least the deteJ:lained skew; 

scheduling an order of a pl.ura1~ty of i.nput 

10 41ak access requests to minimize an amount of movement 

of the head when the head acoeaaea the recordiDg tiak; 

and 

aooess:l.Dg the recor41Dg 41sk by the head 

based on the result o'J! the aohedal1Dg. 

15 

2. A method of oontro111ng access to a reaordUlg 

tiak as set :forth :I.II c1aim 1, where.in the c!eterm.1.nat.ion 

of the posit.:Lon of the data block on the recor41ng d.isk 

is based on. 1D acl41t1on to the cleterad.ned skew. a gap 
·. . ,. 

20 ud:l.oat.ing an &Dgal.ar difference between a start and an 

end of the same data block. 

3. A method o~· oontrolli.ng access to a reoord1.ng 

d:l.ak as set forth. in aiaim .. 2. further. aompr:Laing the 

25 steps of: 

I 11111111111111111111111111111 
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detend.D:Lng oomb:l.Dat.:Lon data regard.ing each 

aomb:Lnat.:Lon of the •bw an4 the gap for a plural..:Lty of 

data bloaka; an4 

selectively using the aombiDat.:Lon 4ata in 

5 aoaordance w:.l.th a poa:iUon o~ each 4ata b1ook on the 

reaorcliag cliak. 

4. A method of controlling aaoeaa to a recorcU.ng 

41.sk as set forth in claim 1. wherei.n the aJ.ze of the 

10 4ata b1ock 1• ohaDged ao that the gap :.I.a oon&tant over 

the ent:l.re region from the outa14e to the :lnaJ.de of the 

reoor41ng cliu. 

s. A method of controlling aooeaa to a reaor4:1.ng 

15 4:1.aJc - set forth 1D olaim 1. where.in the skew 1• 

determined .:l.D aoaordanae w.:Lth a obange of a gap of the 

data block baaed on a 4:1.ff erenoe of racli.1111 of t:he 

reoord:l.Dg traak. 

20 '· A method of aontrol.JJ.ng aooeaa to a reoorcllDg 

cl.iak as set forth :l.n claim 1., wherein 

the step of aoheclu1iDg ohangea the order of 

a plurality of reciueata for d.:lak acoesa so that the7 are 

arranged .:LD an order atart:l.Dg from one neai:eat to the 

25 head when the bea4 is aove4 from the current pos~t~on 

I 1111111111111 1111111111111111 
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toward one o:f an umer c:lro'IDld!erenoe and outer 

c:Lrcum£erenoe of the record:l.Dg 41.sk; and 

the step of 4etezm1DiDg the pos1.t:l.on of the 

data b1ook on the recording tisk is b-•4 upon.. :l.n 

5 addition to the skew, a gap intioat:l.ng an angu1ar 

41f f erenoe between a start and an end o:f the same data 

b1ook., such that a d:l.fference between 11. cle.la7 t:l.me 

!'d(L) and a seek time !'s(L) near an average seek 

d:lstance La becomes auff :l.oiently smal.l. .in c~ar:l.son 

10 vi.th a rotation oyoJ.e .. where., 

!'d(L) • (L·Bc·0s+0g+2mII) /c.>, and 

La•Lt/(M-1) 

where, L is a seek d:l.atance in uni.ts 

of the number of cylinders; 

15 Be is a number of data b1ocks 

md.sting in one 07lin4er: 

ea ia • skew in uni.ts o:f 

ralliana; 

0g ia a gap in uni.ta of 

20 ratians; 

c.> ~· a rotationa1 speed 

(rad:Lan/aeo) o~ the d:l.ak; 

Lt. 1.s a maz:Laum value of the 

cli.stanoe between access 

25 positions of two ends when 

1111111111111111111 11111111111 
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10 

arranging the aooeas reciueats in 

orcler :l.n uni.ta o:f the number of 

orl:l.Dders; 

R 1.a a number of aooeaaes to be 

s:Lamltueoualy proaessedi ancl, 

m :la selected ao aa to become 

the ama11est w:l.tlU.D a range 

Tcl(L) ezaeeda tile seek ti.me 

Ta(L) at the ••ek cl:l.atanoe L. 

A metbocl of controlling aooeaa to a 

reoorcl:l.ng cl1.ak as set forth iD claim 1, wherein: 

the step of aaheduliDg chaD.gea the orcler of 

15 a p~ura1:Lty o:f requests :for clj.ak aooeas ao that they are 

20 

arranged i.n an order of appearance when the head 1.s moved 

from the aurrent poaU::l.on toward one o:f an :Lnner 

01.romaf erenoe and an oater o~erence o:f the reoorcliag 

d:LakJ and. 

the step of 4et~iDg the poa:Lt:l.on o:f the 

data b1ook on the reoorcling tiu :la bue4 upon, JD 

a44:lt1.on to the akew, a gap auoh that' a delay tf.me 
' ' 

Td(L) :Ls a1waya 1onger than a seek t.t.me '!s(L) and ~ 

4:1.fferenoe between the 4ela7 time Td(L) and the seek. 

25 time Ts(L) bee~• sdr:Lo:Lent17 amal.l J.n oompar:Lson 

11111111 1111111111111111111111 
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w.1.th a rotat.1.on ayol.e, where 

'.rd(L)•(L·Bo·0a+0g)/Ct.}, and 

where, L 1• a seeJc cliatanoe J.n units 

of the number of 07l1Ddera; 

5 Bo ia a number of data b1oolcs 

md.st:Lng in one 07J.1Dcler; 

9s is a skew .111 un.:Lts of ra4:lans; 

09 ia a gap in UD.i.ta o:f 

raclians; and 

10 ~ :I.a a rotational. speed 

{racU.an/aeo) of the dialr.. 

8. A method of oontrol.l..iDg aooess to a reoording 

d:l.sk as set :forth :Ln cl.aim 1, where:Lns 

15 the reoorclillg 4:1.ak 1.s 41.v1.4e4 into f.:lrst 

regions for use when the head moves from· the :l.nner 

o~erenoe to the oater o.:lromn:.rerenoe and second 

regions for use when the bead moves from the oater 

·a:l.roam:£erenoe to the iDDer o:l.rcnmferenoe; 

20 the step of determ1njng the position of the 

data b1ook on the recsord:l.Dg 41.sk detena:Lnes the 

pos:l.t:l.on of the data bl.oak on the reoord:Lng cU.ak based 

~n an opt.imwn skew and a gap in the respeot.:l.ve reg.ion• 

based on the d.:l.reot:l.on of movement of the head; and 

25 the step of soheda1ing ael.eotivel.y accesses 

111111111111111111111111111111 
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oDl.7 the f:l.rat and aeaond reg~ons in aooordanoe wt.th 

the direct:l.on of movement of the head. 

9. A method of oontroll.iDg aaaeas to a reoorcling 

s 4:1.ak as set forth :Lil o1aim a. where.in 

the f 1.rat reg:l.ons an4 the seoon4 regions on 

the recording disk 4:1.v1.c1e the cli.ak 1.nto a p1ura1ity of at 

I.east two port.ions a1ong the ratia1 d1recst1.on and both 

of the f i:rat regions and second region• are all.oaated 

10 so as to be cU.ape:aed from the :l.DDermoat o.:LrCumrerenoe 

to the outezaoat o:t.r~erenoe on the tiak. 

10. An apparatus for oontro111.Dg aooeaa to a 

reoorcUng 4:1.ak. compria:Lng: 

15 a skew detezmi!Ung means for detezmj,,n.:l.Dg a 

skew so that a rotat:Lona1 dela7 time at the nerage 

cliatanae of movement when a bead aoaesaes the reaor4:1.Dg 

a 4ata.bl.ook arranging means for 

20 detezmin:l.Dg the poa:Lt1.on of a data bl.oak OD the 

record:Lng cliak baaed on at l.eaat the cletez:mined skew: and 

a aohedn11ng means for aohedul.:.Lng an order 

of a pl.ural.:l.ty of .t.Dput. _tisk aooeas reqaaata so that the 

amount of aovement of the head becomes smal.l at the 

25 time of aooess of the reoorcling di.ale by the head, and 

I lllllll llllll lllll lllll II llll 
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where:ln 

the head aooeaaea the reoording'di.•k baaed 

on the results of the achedul.lllg • 

5 .An apparataa for oontro11.1Dg access to a 

recording 4:1.sk as set forth .1D cl.aim 10, where:Lll 

the data block arranging mall.DB 4etexm1Des the 

position of the data b1ook baaed upon, :1n a44t.tion to the 

skew, a gap imlioating tile angular difference between a 

10 start and an end of the same data bloak. 

12. An apparatus for controlling aooeaa to a 

reoorting disk as set forth in olaim 11, wherein the data 

blook arrang:Lllg means determines oomb:Lnation data 

15 regarcli.Dg each combination of the skew anc1 the gap for 

20 

a p1ura.U.ty of data b1ooks and ael.ectively aaea the 

comb:lnat:1on -ta :ln aoaorc1anoe with the poait:lon of 

each data b.loak OD the recording tisk • 

. . 
· 13. AD apparatus for control.ling access to a 

reoo.rd:l.Dg cU.ak as set forth :1D claim 10. wherein the 

data block ~ging·meaas OhaDgea the a:lse of the c1ata 

·b10Clt so thatthe·gap iii ·constant over the entire 

region from the outside to ·.the inside ~f the reoord:Lng 

25 tlisk. 

I 1111111111111 11111 11111 II 1111 
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14. An apparatus for controlling access to a 

reoorcliDg cl:Lak aa ••t :forth :ln olaim 10, where:l.D the 

skew 4etena:l.D.1Dg means deteJ:mlDes the skew :l.D 

aooord.anae w~th a ohange of a gap of the data block 

5 baaed on a cli1f erence of the rad:l.as of the recording 

traolc. 

15. AD apparatu• for controlling access to a 

recording lliak as aet forth 1D claim 10, wherein: 

10 the sahedal1Dg means ob.anges the order of a 

pl.ura1:Lty of requests for 4:1.ak aaoeas ao that they are 

arranged 1D an m:der starting from one nearest to the 

head when the head is moved from the current position 

towar4·one of an :l.Dner c:l~erenoe and outer 

15 a~erenoe of tile reoord.t.Dg tUak; and 

the data bloalt arranging means 4etei:milles the 

position of the ctata b1ook on tile reooJ:\U.ng dJ.sk based 

upon.. in ac14ition to the skew.. a gap i.IUU.oatug an 

angul.ar cliff erenoe between a start and an end of the 

20 same data block, auoh that a 4.t.fferenoe between a dela7 

time lfd(L) given and a seek time 'l's(L) nem: an average 

aeeJc tistanoe La g.t.ven by the·following Bquat:Lon (2). 

becomes suff.t.o:lently .amall. in compar:laon with the 

rotation 0701e .. where, 

25 'l'd(L)•(L·Bo·9a+9g+2111I)/~ (1) 

11111111111111111111111111 1111 
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La•Lt/(R-1) (2) 

where. L 1.s a seek clistance 1.n uni.ts 

of the number of oyliD4ers; 

Be :Ls a Dumber of data bl.oaks 

existing iD one 071iD4er1 

0s 1.s a abw 1D uni.ta Of 

raUana; 

0g :La a gap a un:1ts of 

ra41ana: 

~ .is a rotati.onal speed 

(rad.tan/sec) of the d:lak; 

Lt is the mmd.mmn val.ue of the 

clistanae between access 

pos:Lt:Lons of the two ends when 

arrang.ing the aooeaa reciaeats :l.D 

order in uni.ts of· the number of 

R :La the number of accesses to be 

s:l.ma1taneoual.y processed: 

and 

m :La aelected ao aa to become 

the amal.1eat w1.th1n a range 

where i'd(L) ezoeeds the seek 

time Ts(L) at the seek 41.atance 

L. 
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16. An apparatus for aontro11ing aaoesa to a 

reoor41Dg ti8lc. as ••t forth in o1aim 10. wherein: 

the aohe4al.1Dg means.changes the order of a 

pl.m:a1ity of reque•ts for tiak aoaeaa ao that they are 

5 arranged :Ln tile order of appearance when the head is 

moved.from the current poa:l.t:Lon toward one of an :Lnner 

a~erenoe and an outer o~erenoe of the reoordi.Dg 

disk uul 

th.e data b1ook arranging means detend.nea the 

10 position of the data block on the reoor41Dg disk based 

upon. :l.D ac14:1.t:Lon to the skew~ a gap auah that a 4•1•'J' 

ti.me '!d(L) g:Lven by the fo11owing Bqaat:Lon :La a1ways 

longer tban the seek time Ta(L) and the clifferenoe 

between the del.117 t1ae T4(L) and the seek time Ts(L) 

15 becomes auf~:Loient1'J' amal.1 :l.D oompar:Laon w:Lth the 

rotat:Loa. oya1e. where, 

Td(L)•(L·Bo·9a+9g)/m. and 

where, L is a seek cU.stanoe J.n an:Lta 

Of tbe D~ber Of 0711.ndera: 

20 Bo :La a number of data bl.oaks 

existing in one cylinder; 

9a :Ls a skew .:l.D units Of raclians; 

8g :Ls a gap :Ln units of 

25 ~ :I.a a rotat:Lona1 speed 

111111111111111111111111111111 
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(radiao/aeo) of the d1.ak. 

17. AD apparatus for controlling access to a 

recording cliak aa set forth in claim 10. wbereUi: 

5 the reoorcli.Dg cli.ak J.a d1.v:L4e4 into f:Lrat 

reg.ions for 118e when the head. moves from the imler 

oJ.roumf ereno• to the oater oiroumf erence and second 

regions for use When the head moves from the outer 

oJ.ro~e.renoe to the inn.er oiroumfereDoeJ 

10 the data block arranging means determ:lnes tb.e 

poa:Lt:Lon of the data b1ook OD the reoorcU.Dg disk based 

oD an optimmD skew and upon a gap ill the respective 

regions baaed on tbe 4:1.reot:Lon of movement of the head.: 

llDd 

15 the aohe4al.1ng means aelect:Lve1y aooeasea 

on1y tbe f:l.rst and second. reg.ions J.u aooo%'Clanoe w.:Lth tbe 

dj.reot~on of movement of the bead. 

18. AD appar:atua for oontrolling aooeaa _to a 

20 recording disk as set forth :l.D olaim.17. where:l.D 

the f :1.rat reg.ions mad the second reg.ions on 

the reoorting 41.ak cli.v:Ld.e ~- .Uak ·.i.Dto a plural..:Lty of at 

1eaat two portions along .. the rac1:Lill. tirect:Lon and both 
o~ the f :Lrst ·r.g.:1.oDs and ae~ond "g:Lons are al.l.ooated 

25 so as to be.dispersed. fraia ~ 1.nnermost c:LroumfereDoe 
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to the oatezmost oircullferenae on the 41.sk. 

19. A metho4 for contro111ng access to a cU.sk. 

aompr.t.s:Lng the steps of 1 

5 4etermia1Dg a position of a data b1ook on the 

cli8k to mill:lla.t.se a rotat:l.oDal. 4el.ay t:l.me at an average 

clistanoe of! movement each time the 4.t.alc ia accessed by 

a head; 

aoheduling an order of a pl.ara11:ty of 41.ak 

10 aoc1eaa requests to •1ni•1se au aaount of moveaent of 

the hea4 when the cUak .:ls aocesae4 by the head; and 

acceaa:l.Dg the diaJr. by the head baaed on the 

reault of the aohecluliDg. 

15 20. A method as set forth in cl.a:l.m 19. wherein 

sa.t.d atep of detexmining a position further oompr.t.aes the 

steps of a 

clete.nd.Ding a skew ao that the rotat:l.onal. 

4el.ay time at the average distance of movement 

20 minia:laea at the time of access of the 4:1.alr. by the 

head; and 

detezm:l.D:l.Dg th~ position ot the data bloak 

on the cU.ak bued on at 1ea11t tbe 4etena1.De4 skew. 

wherein aai.d skew .t.ntioatea an angu1u d11f erenoe in a 

25 oiraumferentia1 tireot:Lon between the start of 
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adjoiDing b1oolcs. 

21. A method as aet forth in olaim 20. wherein 

sld.4 atep of cletez:miniDg 4eterm1.Dea the position of the 

5 aata b1oolc on the Cliak based upon. iD adllit:l.on to the 

skew, a gap, sa.t.d gap .inUoat.tng an angular differenoe 

between a start and an end u the same data bl.ook. 

22. An apparatus for oontro11ug aao~ss to a 

1 o 4:1.sk. ooaipr.:f.s.ing of s 

means for determining a position of a data 

block on the d:lsk to mtn1•1ze a rotat1ona1 del.ay tillle 

at an average distance of movement eaoh time the clisk 

is accessed by a head; 

15 means for saheduling an order d a 

plural.1.ty of d:Lak aooeaa :reciueata to m:lnim:tze an amount 
. 

of movement of the head when the cU.ak :Ls aaoeased by 

the head; and 

means for aaceas:l.ng the clisk b7 the head 

20 baaed on the result of the ached.111:1.ng. 

23. A apparatus aa aet forth iD claim 22, where.:f.D 

·•a1.4 meims for· 48t8mining ·-:~ pos:l.ti.on further compr:Laes: 

means for determ1D1ng a altn ao that the 

25 rotat:tonal de1ay t::l.Dle at·· the average cli.stance of 

11111111 llf Ill lllll lllll II llll 
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movement mi.nunsea at the tillle of access of the d:Lak by 

the head; and 

means for 4eterm1.n:Lng the posi.tion of the 

data bloclc on the Uak baaed on at least the 4eteJ:mined 

s skew. wherein said akew iDUaatea·an angu1ar clifference 

a4joi.ning bloaka. 

24. An apparatus as set forth in o1aim 23. 

10 where.in aai4 means for 4eten&ining dete:cmines the 

posi.tion of the data block on the Uak baaed upon. in 

adcliti.on to the skew. a gap. aa1d gap 11141.cati.ng an 

angul.ar difference between a start an4 an end 1D the 

same data bloolc. 

15 

25. An apparatus for controll:l.Dg acoesa to a 

reaorcl:Lng 4:1.ak. o~ris:Lng: 

il skew 4etend.DJ.ng means for deteDlin.:l.ng a· 

skew so. that a rotati.onal 4elay time at the average 

20 distance of movement when a head acoeases the recorcli.Dg 

41.ak i.a llli.Di.mise4: 

a block 

positi.on of a data block· on tbe re~ording 41.ak·baaed on 

at.least tlie determined skew: Bn4 

25 a aahedul.er for sche4u11Dg an orcler of a 
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p1arality of input cliak aooeas requests ao that the 

amount o:f movement of the head becomes ama11 at the 

time of aooess of the recording cU.ak by the head, and 

5 the head aoaeaaes the recording 4:Lsk based 

on the resal.ts of the aab.edu].j,Qg. 

2,. .AD apparatus for aontrolling acoeaa to a 

reaor41ng tillJt as set forth in ~laim 25, wh~in 

10 the b1ook al1ooator 4eteZDt.nea the position 

of the data.b1ook basea upon, in adcliti.on to the skew, 

a gap in4ioat1Dg the angular cliff e:renae between a start 

and an end of the same data block. 

15 27. AD apparataa for aontro111Dg aooesa to a 

reoorting 41ak as set forth 1D ol.a.1m 26,'wherein the 

bl.oak allocator dete.l:IU.Des aoabination data regar41Dg 

eaah oomb.1nat:l.OD or the skew an4 the gap for a 

pl.urallty of data b1ooks and ael.eot:1ve1y uses the 

20 oomb:Lnat:l.on data in aooordanoe with the poai.tion of 
··. 

eaah data block on the reading 41.sk. 

28. An apparatus for oontrol1:1.Dg aaceas to a 
. . . 

reoor41Dg disk as set forth 1D claim 25, where:i.D the 

25 block allocator ohaDgea the Bise Of the 4at& bloolc 80 
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that the gap is constant over the ent:Lre region from 

the outai.cle to the inside or the reoorcli.Dg cliak. 

29. AD apparatus for oontro111Dg aooe•• to a 

5 reoordiDg cli8k •• aet forth .:l.n alaim 25. wherein the 

skew 4ete1'11d.D:l.Dg means detezminea the skew ill 

aoaordanoe wi.th a change of a gap of the data bloalc 

base4 on a 41.:ff erenae of the radiaa of tbe reoorcling 

track. 

10. 

30. An apparatus :for aoutro1l.J.ng aaaesa to a 

reaorcling d:l.ak as set forth :ln al.aim 25. Wberemt 

the aaheda1er obangea the order o:f a 

p1ura11.ty o:f reQD8sts :for disk aaoeaa so that they are 

15 arranged i.D an order atarti.ng from one nearest to the 

bea4 when tbe bead .ts moved from the current position 

toward. one of an tnner a:iroumferenae and outer 

oir~m:enae o:f the reaorc11Dg disk; and 

the block a11oaator c1etezmi.nea the poait1on 

20 o£ the data bl.oak OD the recording d.isk baaed upon • .in 

add:Lti.on to the skew. a gap Uldiaat.ing an angul.ar 

di:f f erenoe between a start and an end of the same data 

blook. such that a difference between a delay time . 

ft(L) given and a seek time '!a(L) near an average seek 

25 .41.atanoe La given b7 tile fol.l.owi.Dg Bquati.on (2) becomes 
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•u:t~.t.o:Lently small .:l.D oompar.t.son w:Lth the rotat.t.on 

cycle. where. 

~4(L)•(L•Ba•0s+0g+2m.Il)/m 

La•Lt/(R-1} 

(1) 

(2) 

where. L :La a seek distance in an.its of the 

number of oylindera; 

Bo :La a number of data blocks 

md.sting in one ayl.:Lncler; 

es is a skew in mU.ts of ra4:1.ans; 

9g .t.s a gap .t.n units of radians; 

m :Ls a rotat:Lonal. spee4 (rad:l.an/seo) of 

the disk; 

Lt .t.s the mazimum value of the 

41.atanoe between aoo~as positions of 

the two encla when arrang:Lng the 

aoaeaa requests .:l.D order .:l.D un:Lta of 

the Dumber of oy1:1.Dders; 

· II .t.s the Dumber of aooeaa to be 

aimul.taneously prooessed: and a 

m is selected so as to become the 

ama11eat witb:LD a range where Td(L) 

ezoeeda the aeelc time !'a(L) at the 

seek distance L. 

31. All apparatus for ooDtrol.1.:1.Dg access to a 



W0'7n6713 PCl'/JP9Ci/03109 

66 

reoorcling cliak •• aet forth in alaua 2s. where:ln: 

the aohe4uler changes the order of a 

plaral.1.ty of requeata £or 41ak aooesa so that the7 are 

arranged :Ln the orcler of appearanae when the head :La 

s · moved from the oarrent poa:Lt:Lon toward one of an iDDer 

01.r~erenoe and an outer o:Lroumf erenoe of the 

record:l.Dg 41.sk and 

the b1ook a11ooator deteJ:mi.nes the pos1.t:l.on 

of the data block on the reoorclillg d:l.lllc baaed upon. in 

10 a44:l.ti.on to the llkew. a gap auch that a delay time 

!'d(LJ g1.ven by the following Bqaat:l.on 1.a al.ways longer 

than the seek t.1.me Ta(L) an4 the ~fereaae between the 

delay t:Lme T4(L) and tbe aeek time Ta(L) becOlllell 

suff:L.c:L.ent17 ama11 in. oompar1.aon w.:l.th the rotat:l.oa 

15 ~.le, where 

T4(L)•(L•Ba•0a+0g)/~. and 

where,, 

20 

25 

L :ls a aeeJt tiatanae :Ln 'IJD:l.ts of 

the nmaber·of 071:1.Ddera; 

Bo :I.a a number of data bloolus 

eziatiDg ill one 071.:1.nder; . 

0s is a skew :l.n UD:l.ta of ra4i.ans; · 

09.ia a gap in·an.:l.ta of 

rad:.Lana; and 

~ 1• a rotat:l.ona1 spee4 

(radt•D/aea) of the 41.ak. 
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32. AD apparatus for oontro111Dg access to a 

recording disk as set forth in claim 25, wherei.n: 

the recordi.Dg di.sk 1.s di.v.ided .ilito .f.irst 

regions for uae when the bead moves from the ~er 

s c:Lrcumf erence to the outer c:lrcwaf erence and second 

regions for use when the head moves £ram tbe outer 

c:l.rc:n.1111ference to the inner a.iroumference; 

· tbe block a11oaator det8%'1111Des the pos.it.ion 

of the data block on the reaortiDg clisk based on an 

10 optimum skew and upon a gap .in the respect:l.Ve reg.ions 

base4 on the cU.reoti.on of movement of the head; and 

the sohedu1er se1eotive1y accesses on1r the 

f.:l.rst and second reg.ions .in accor4anoe w.ith the 

direction of movement of tbe head. 

15 

33. An apparatus for oontro11.:LD~ aooeas to a 

reoord:l.Dg d:l.ak as set forth a ol..aJ.lll 32, where.in 

the f .irst regions and the second regions OD 

the recording di.Bk di.vi.de.the disk :l.nto a p1ura1itr of at 

20 least two porti.ons along the racli.al cli.reati.on and both 

of the f :l.rst regi.ons and second reg.ions are a11ocated 

so aa to be dispersed from the 1DD8Z'llost o:l.r~erenoe 

to the outermost circam£erence on the disk. 
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