; bce3ekhl "6XTCG METHOD FOR WRI TI NG STREAM NG AUDI OVI SUAL DATA TO A DI SK
DRI VE Technical Field This invention relates generally to nmagnetic
recording disk drives, arid nore particularly to disk dri Tt for
writing and readi ng audi o and/ or visual (audiovisual or mlﬂmﬂmﬂ@”@m
Background of the Invention In a conventional magnetic recordin drive
used in the conputer data processing environnment the data is §’t5%?9éd on the
disks in fixed length (fixed nunmber of bytes) physical sectors in a format

called fi i K I i i tric
dat a t rac R SETHORFOH ARAIRGSTRERRANG NUROVIGHAR AT 10 DISKIIRERE ' C;
the tracks, and each sector on each track has a physical sector nunber or
address. Current disk drives in the conputer data processing environnent
are characterized by random access Jeghniesldeldnd snml | bl ocks of data. In
contrast, in the. L d l | S . [ i zed by
streans of |ar 2}2‘ lgs%?a{‘dﬁ@é% Irea{w%%g{ggf&ﬁéé}eg; chﬁﬁrﬁﬂgmfeg’taaél?ﬁ%ogéi ng of
nul tiple gaftRansly 1ok eHedRpmiAY felayhting dndacadiny «a]iceddion gisahll (@dodsudi gi t al
video recorder (DVR) to record and play back real-tine television and to
record tw®rf'AVeyfa.on prograns sinultaneously. The benchmark for data
storage in the AV environnent unit of performance. The
AV di sk drive data workl oad i Bac 90%1?1(&.0% enl m nance of | arge reads
and wites, i ntighspelesiichaiinhfnesiorddordinpdisk aivt uwsed ircthe tdraputeredatdmdtessing
frequently but contain only smal|l amounts of data. A disk drive, therefore,
may find ich¥Eprment g diargs stored grithg digksiin f‘?‘%leﬁﬁtﬁt@i‘ﬁj’ yveber gt ?%?SSPPEFF&I

| atency, iseQors if B orhalEulE iYd 168U LR clutd (FB2S. M 4 FBARGRDIHE, WBLdnchRifict he
disk to rotate until the index 1s éetected before the next wite can occur.
Anot her adlatadtacks on the disks baveiarcommeont index, whirh réffresehisitlee start afthetracksy st abl e

error in a data sector .on the disk, there i,s no tine (o re-f . t he dat a.
hotead CAETTo0 R PGk ety shelRE e Aadh B8R, b ke e
conceal t hgmputes Hatd pRYéBig ehvicdhnitht &Y chdrf@eiZed by PRdOY adtdse paRePisl Al lshhafl O
mask the error. Wiat is needed is an AV-optim zed disk drive that does not
suf fer fr dledkephgaia.clipontashyin thetAlY ewviconmeat thp dyta pragessingie shranierizadbyat a in
t he event . 'l i i is a
et hod 1 or e STafbe BlduBhal lockb RISl v F RO B8 ilfond SNEEAS B0 0 8
t he dat a iemhmple] AVtdatasteiad isteieweingiatigwsvi digitabvitldverecdrdat(®VR)tto rdchml dnidr St

physi cal sector encountered after the read/wite head has settled to the
Gesi red 1 POMH TG Hme deleyising anf tgjrecord EY‘IE("&S‘OB&’IH‘E%?’H%S‘H‘“HG?R?@?lyof dat a

bl ocks corr espadivBchifant 1bf ditd Bt3fize B the WS bsdlon BT i9 bsct dn @BstipBE &€ nunber
of tracks on the disk, so that the witing of a single cluster is the
writing t@erarmancegEhe AVrdiskrdrive dptalworkload lsscatsgorized byliaslemimpesiof Iatza gends he

di sk drive chave a physi.cal ndex to i.dentif irs hysi cal sector
n a1t t nand PRl N tmals P sk G, e bEE sl B Gl oRE o
for i ndex.smaUrania@nisiof dith e AVdigkadrile, tedtaay,intdytinddRtH spendiig asigrdifi@hetimecor di ng
tasks are cycled until _al]l] the tasks are conpleted, the clusters_ in the
first portWngguertpgotational latepey i.ay the fipredelay renyiredh ipr theaviitehegd topyaitfrethg e

cyel e or Rl @dotpRlil € iERT defecldTRIROR AR b SR her track where the
clusters in the tfirst portion of the second task are witten during the
next i nter| eave\yweer aspect gthe Aivhenvivonenthiethal if therqpis us noedrresablessror in a

t by the head in without waiting for i he, | ocat i
wheret he PO BE A5k BHAL A eI G b uRTeo e EVR aahedt Bk,
writing a datds kncBHBAIndi aRE@pt 10 LoMRBYISthE AHissARVYRE, SAEh RYbyMrédzingdh@AV stehm Of

cl uster indi.cator on the track where the cluster is witten. Because the
audi ovi suabrieflytta maskWeierrogn in full-track cluster increnents, parity

sectors for err correctiaon n_he. Ul ed -t he-fl yvewt hoyt, i ncurring a
si gni ficant per‘?é?tﬁ%lﬁec?ge‘#is ¢0 Aég'g%t%lz%(gé\}glf 5’3‘%@& dtc? Sr?oéé%{flfgr# %?elggccﬁusc?fi t he
i ndi vi dualbydafationd ¢dt&icy afidfe-rRedifg theidantie thetwemwie difa@bass of one or nore

entire sectors can be covered by parity associated with the entire cluster.

For a fuller understanding of the nature and advantages of the present
invention, reference should be nade to ihe follow ng detail ed description
taken together with the acconpanying figures. -2 s
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grief Description of the Drawing FIG 1 shows a single-track cluster of

ei ght' fixed-length | ogical blocks (BO ..B7) associated with ei ght physical
sectors (S6. . . SS) of a single data track an a disk. FIG 2 is a
schematic of a disk drive illustrating a single track with the physical
sectors containing the recorded | ogical blocks of data. FIG 3 is a flow
chart illustrating the process for witing a single data cluster. FIG 4A
shows the prior art process for witing the |ogical blocks of two

interl eaved data streans to the physical sectors that requires waiting for
i ndex for each track. FIG 4B shows the process of the present invention

for witing the |ogical blocks g)f t WO if e |v%a,§d data streans to the first
physi cal sector encountered af t-%%@b—?—gh—gﬁ%eeki ng to the desired
tracks. FI G SAHSGtidéhR al metRd foPbritlag reafingedudvisadl daCbiaQfiskcdisle HyECC) on
atrack inthe prior art FBA. FIG 5B shows the Imut of data and error
cor r ect | orpraanizang thedyta dirfo glustegsiad icommeacipg weiting thechusterstorthe Brsbphysicel pr esent
i nvention. [ 0L ' t resent. ..
embod rmoni*RREs e PR a4 e Rwfle SR Eyr SR Y et a0k oS Bg g o
ful | tracka chidter BentsthSknurfilbdr of d4blbeksabrréspehding ®ithe hifmbdi of pliyisRgRyectdr ihi pl e

is 1, then ogne full track unit is the cluster, All wites of data_ are
t her ef or e anintegermymbesgfitiagks omthe digkisy that theyveritingof Brsinebnclusieris thetvriting to

i nteger n f ol . [ . '

format. Tt\he {S{%‘g ngfn:l))gxﬁcgf!n‘;ﬂg&%loﬂg}%cgdr@éﬁ%gm&%gﬂl%ﬁ?ﬂ@;%bg? %hgggf one
of the datiaddxtoidentifynhd fiist gHysisilaecterdn alt chettacks, the walting @F clasttd dam takds@ilaeat i on
conputed froma group of data bl ocks containing the AV data. Since the
cluster isVithout B @getfopindeXpl e of full tracks, then the number of bl ocks in
a cluster is eqyaingliftedRGind WG iovuaPihs Wheh mdREASHeSoriihg Msks SR SydiRaia

maki ng up the cl usFer. The data are witten to the physical sec?ors I'n the
track wi t radiithe tabks aoe camnpleted, thedusterain ihn fibst portion of the firggdaskare writtekdurigr ess

ol ot b8 BEFGRR yelb ATRERod Bud OF nhiRBiep potipreg i AN EX BBl o1

which is -chusterd iN@h&fikepaitioR BELhD B&dhE fikk siatvaitef dufifig thE hefaniet Ok PeAdE

witten to the data track such that block BOis witten to data sector S6,
bl ock Bl ibssippingmeth the figh physicabsestor geountargd by therhead, agpiswrithorhwaiding for s

SO. .. S7 angydde physical sectors on the track. Sector SO holds data bl ock
B2. In a conventional FBA format, sector SO would hold block BO, S1 would

hol d bl ock Bl, Thedocatiomwhereltks firdt bleckeoflolustek data hay tseem wirittas isridentifigdblye et hod
for witing.the |l ogical blocks to.the physical..sectors, .The disk driye

hot uat or | APTEGHDIA/BERER % (8 Ayl SeRAPUR WHAEE § B3R GEFIEREn DYCRGELIEy ( as
shown by tihek ameRWRe a8stér it Griemd 102) across the disk 103, positioning it

to the desired data track. A data track containing physical sectors 50...57
i s shown on di Becawsg theaydioyisupdatads watterinfglitiseh elugterinciements.paritissectosy has

a sector § r t Malal . ese
et or  nunbEat: BB LaRR, RBRATH: o) BinG Hold sBmddlfs REEHRIe DS
posi ti oni nSedond teveleeiiod torreetioe fod eabh @f theldmiivichial data keyorasgideteliafindtétcbgonis ent

enbodi ment IE’FSEQ t the format is "indexless', no requiremnent

i.e., there |

for a phydhe 0T FRoFgentheshciors sandecaeeTebly m%@sseﬁlatﬁtﬁgﬂﬁ thecqatirgy en

t hough thejgidrs an initial physical sector nunber SO on each track, this
sector is not used to identify the beginning of the cluster on the track.
When an AV dat &och fidice npdesssantdingnifiibe nadwi end adylntages odthe. préent inventiont t en to a
free track, the fir data block BQis wiften.to e first i cal sector
encount er d8eHRCE ﬂ’(?“fé %’H%@o‘o 1}52‘1,3“?‘??83 35&‘}1‘?# ‘iﬁs?ﬁpﬂoﬂ é)aq‘teﬂ éw@pg@%?}}ﬁ | at ency

t hat woul chcgﬁﬁwnyj\?\%ffghgs_R/Whead had to wait for index or for a specific
physi cal sector. en a wite operation begins, the R Whead 102 is noved
to a data track previously identified to control |ogic 142 as being a track
havi ng free space. This "seek"” to the desired track is perfornmed by the
head 102 reading the pre-recorded servo positioning information fromthe
.disk and the head R/ Wprocessor 140 signaling the servo controller 141 to
nove the actuator arm 101 the desired direction and di stance. Wiile this
seek operation is taking place, the dat®& stream fromthe AV data source 145
(e.qg., digital TV, DVR) is transferred through the '~ interface controller
144, organized into data clusters by control logic 142 and | oaded into
buffer nmenory 143. The buffer 143 is used to hold wite data received from
the AV data source 145. In general, the size of the buffer 143 will be
greater than 1 cluster. A host data streamis typically transmtted as a
set of data blocks with a starting address and a length. In sone stream ng



systens, such as object or file-based streans, where the command consists
of an object identifier, the data set, an offset address and a |l ength, the
starting address is the sumof the base address of the identified object
and the offset address. The location in buffer 143 used to , store the data
bl ocks is determned fromthe starting address. Since data is witten to
enpty clusters on the disk, the cluster is selected fromthe set of
clusters identified as being enpty, typically contained in a free space
table. Wen there are nultiple streans, the host should identify the stream
the data bel ongs to, such as €l 1265 a tifier. i

¥ It 1s
beneficial t f | ust i |
Porchor. dac o oOF b PPl SR VAcPhiRl i BYOHRRYp 8% BOGRGBI 301, P 5°
set of seqisesdidted with eipksphysical Qéétgisﬁ(S@.Pf@t’J;??f;c gsrlngllggatbﬁaémb@am.e all the data

for the cluster has been received into bu When the head 102 is
posi tioned and B6: 2 isscschematigrafuidisg, drive dlusirating atsingladragiovath thtiphysicalseetorsi s
o This sceapinit iR sedbeR il BT P Cact or “of e ol uster. The oo o
remai ni ng cl ustlelG.Q@é@ﬂb&@ﬁé&@ﬂﬁ&mﬁ_ngﬁh 18ces 'R wilting la @ihgREAMEAIG! | Y 1 nto
physical sectors S7 and S0...55 (with FIG 2 show hg that block B7 has not
>1/8t2 bee{l_ YWI ':1 t eﬂGbéléa?@\éS Tbhpflptwpme@_sﬁr VBS_IImabet !{ﬁﬁ@al%lﬂfclkpaésmdmtaﬁllegmdg head
02 SR B S04 S el S Dot Bt e 1
steps in the pPrrIGeSB shéwothe Proeedstof Mg presehtifvehitiol fotwrithrglthd lopiesl BloakRof er of
the data fromthe AV data source. The read or wite command to a cl uster,

desi gnat edw?, intstleaved data gfreansgto the astphysical saetar eaconnteredafigsspmpletionef m 1 (in
t he exanpl | : own in FIG 2, n¥8), as shown at 200. The
control |5§F§E€§£*ggﬁ%ﬁﬁg?§§°the track (c, h) on the disk drive for the
cluster n (202)FIG( SAsbevsiths layditsdd detai and srrbiocoerentidnt doge (EOCEdsa ttacktin theR/ W
head associated with a specific disk surface, the head is identified as "h"
and the t R 2HsSYtiated with that head is identified by cylinder "c" which
i dentifies all piyesheRHSHO hybiNorahaakd efotiotksidntdlic (BEXE) o tdtkan the
"cylinder"). The drive is thén instructed to seek to this track (204). The
servo contdest¢rarchitaaturged theapreseot invesgios. 142 identifies the first physical
sector encountered and the | ocation where the first block of the cluster

W |l be stored for this tpaGkied Pe@rintidifofl the EmbYReknBO is then witten to
the first physi cal sector‘eﬁCﬁJﬁf€réé (S6 1Tnthe exanple of FIG 2) and
subsequent dat i . i i, - e . - .
successi ve phy%J glael%g%gt %}1@&?@8@;&% %Sil(gﬁlgéf:ogﬁ% )sqglqshltg%?idgﬁ 13 a{lg{ﬁ £ %62 n}%lg?leof

t he trackof BllDirackd 2p thndisk, refeered ks ecluster. dothplintegébrymuitipletien, h2d 4he fillbt
shown is the process of updating the drive's igﬁfrna tabl e ,(%Scludin% t he
| ocati on #Rck Wait e plugter sl vyites pldaty arethezeforeduf! tick e | a clpgferis) oy
| ater ret pif¥aldofl ikldendateBeANthieR 6t lifiichbhRld NIBCIQ! aBRRbY SRl GHal FBIAN
one enbodinent,othé stgrﬁ%gg sector 5f thebﬁluster cé% be i%entifigd
because t fi@matiefhé tata blockauha claster dinteik theBOY data, andrjt 1east omd ofitbe datatbéockhe

physi cal segto ere the data bl ock i.s.|located. An e of fi sy;st.em or
free spac ﬁ’ﬁr‘f;ﬁg} Cﬁrhflo’gﬁmlfgré’ﬂc?%e%ggbnff’%%}?nocfonm%%e‘%%ﬁﬂ gﬁ?‘t?s?tlecgla}lylgﬁlﬁs t he
| ocati on @énthidéngf the @\ &6 € Sire KiOMistérds b entegeR biudliple 00fudl ti4tRs, thed thexanpl e,

a conventional file allocation table (FAT) based system would use a cluster
si ze t hat npEber ehhlecks|in a gluster is egurl tojthenurmenr ofpBrsical sqadarsp alh the tracks

zoned-rec i i ture the track capacity, and hence the cluster
size, wl ﬁ{a\gg{éadpg%gglruéi%%g to zone. In a zoned drive, this wll require

adj usting the stieldati@rdwiiiterfloZiR [Hysiedldedia ih thetriok it fla pAoldrosksuidpionsi cal
sectors per cluster in one zone, and 240 data' bl ocks/physical sectors per

cl ust er i rheswesnitks logispldlock\address #nsl tha/physical seetorrimbss ar Hierteacky FGpl hows
| usters, i dl ed. as, i foi t _sinal.e.clust
chisLer s, SRR o P SR T RSB I el

wite that is not exactly one cluster length is rounded up to a whole
cluster c length. By witing the cluster, to the first physical sector that
passes beneath the wite head once the Wead has settled on the desired
track, the present enbodi ment provides significant advantages where
interleaving is used. During interleaving the nmultiple recording andl or

pl ayback tasks are cycled, until all the tasks are conpleted. Wen
recordi ng data, at the begi nning of each cycle, the next portion of the
data is again witten to the first avail able sector, wi thout waiting for

i ndex. For exanple, in a DVR, two video streans may be bei ng recorded

$i mul t aneously. The advantage is illustrated in Figs. 4A-4B, which shows a

Y




different tasks associated with the tracks for an exanple where there are
256 data blocks (BO. ..B255) in a cluster. A sequence of two interleaved
cluster wites is shown with the prior art FBAin FIG 4A, and the

i ndexl ess format of the present enmbodinent in FIG 4B. Exami ning a
two-cluster wite first in FIG 4A it is seen that the drive nust wait for
the i ndex sector 411 -6 to cone under the head before witing the first

| ogi cal data block BO of the first cluster to the first physical sector

ft i nd in t k Thi tili,zed ti. t] t |
"ot ency) ;eSS ofls PR fit s S8 bpbae e & YE Wagh ik PR pRRGOL T o,
the drive pomPwaitebtoWatalstéter $6)8ldck Btis Whitéi @dafRectb €N afﬁ@ %hén i ROWh! K 2

itf
totrack 5 to wite the second cluster there, because of the need to again
wait for isestors 80.1.57 Feithe physicall secters onithetrack. ShetanSGboldaddiebiock B2. &8, | n

st dat aconstionat B8 Kmih sredrsosroud i BRREBb s ol bl botkan, tndsodm. |
track 2. This iﬂcﬁhqwbﬁ)%keﬂgﬁhpmhsmg%é&hod\%&aeﬂﬁgmélbgicwﬂl dkth @ the

second cluster to the first physical sector encounteréed on"track 5 (sector
S6) r enovephysival seetoon dTHeatiskdrive adthatonarinylMahewes thet restiwriten@® /W) ipddstGi2on  of

iti the first i, | t d th i i f iting th
second.i nt ErieEAyeRtiti et SIOWOY e S rRerbtogia 102 i D ke 03r PTG,
track, shojpo gt ddsisduaritd tideR. Aldata %ﬁ(&ﬁ?ﬂiﬂiﬁ?p@sicﬂse%}s ﬁﬁhsmnsgf)\gﬁ #’cﬁ)ir 4A

took 4 disk revolutions (2 to wite the full track clusters a
| at ency awdisk 163 Imthe pyefervedcampridimentieheh phiisiorl segtor hgs @ aeptor numeber araddresss

schene of FI G, 4B t ook betwe 2 and 2 to wite I . ters
oo ese tieardsd o RSp R RERE e SeRB: Todsf sdcton it E sldbrded iR e 4P
clusters afjsk farfileling, #hen tHeaek oposRibRing G fonhttur ie asudedddutHoves ver,fa lam dspest
sane AV data stream then when the data streamis read back, the track skew

i s al r eadyolthapregentembegdimentiis fhaythe format 15 iIKlERIeST ahe-r WHE 1S AREEAUECEIRt B fer

seeking fr oK [ S, I i (0o BN s 8 o1

preferred @%&%ﬁﬁﬁéﬁ%n{ﬁ:@%ﬁeﬁﬁé‘d@é %végnt%ﬁ{ég gﬁ@gﬁ?gF gyé%% {cl)lria gélggi\}gé‘g drugigtgh

nunber s soplijabsctornumbeb8o ontadhheack) thstsestorisont esedduo idanti€ylthefttegmnitgeothead

settles froma seek js rea nd associ ated with | pgi.cal t ck . BO.

There are thecistra en ke g gﬁ eR ¢ aﬁl i ‘faéa ¢LpsteTh EOHpIPEY 19%‘8?@3"%?73%@ négr Bd and

I denti Tyi ngrBaty $heL gaclé%héﬁ&%t PeObIBL BO i%ri&@&tdtﬁ@@i‘%ﬂ%ﬁéyﬁbél%%@br This can
ways: .

be done in a nunber o . Wite the bl ock nunber ( . B255) into the
physi cal sewvontsred bythe B/W lead 02 cherebyiminimizing theaptstions lataecyt thaicwoyld, g. |

within one of t i C cto .+ Keep. th t-ar er location in
mermory, an@St btjﬂge W}eﬁﬁkﬁ‘fﬁ%‘f’?l&f\&riu}ge 5 g%rcal %Ieaﬁ-lg ?’ﬁ" %ﬁ%gﬁtﬁ{'he drive
(e.g., as part Wfhenhavrite eperstppndegios, the RAY lheaht(26m mionédtorrdatomick prévdousht

effect is that.rotational |atency.has been renoved for, wite, rati,ons,
and atn  denggied teeandifiopis T4 RS Beime R raunE g skace ndbi s9e¥y B Bo Apvietc
once the hgadk ibperfsaict b thetital 162 fehdia thefpad-rdcorled sdrfo pésigdnimeRkcimaich head
sw tches, which would be required when recording multiple-cluster data, the
t)r esEnft i ?f;f&@ﬁtth%ﬁlsk anchihe head EH’G?S_éOItHQ ngnf‘%‘}hllg e sarye caroblant4dr teanaya the new
rack is . . L OF . gr a
preset skew. ua&@?gﬂ’@%?ﬁé{e@%&g qgrrc gt?dt}nag@ P §§dfn ggé\ll aﬁlhgtﬂ}lray\géeglto P %fnfug]els Eier rlar?g’d as
zer o- | at enthy detastredm tmsw. theTAY datarsstrcp S(eqs digat Ty DYRY ésurdneferred thesuigh ghea
read operatiop will tend to be randomfqllowng a ek. Therefore, the

r andom zalt IMEREACR Foms reﬂ‘mp ﬂfg??fécq?'\h“fot‘g]“’ofg\éﬁ‘eé%% OW"?FO al’?ﬁ?‘f?é’t"?gll“? ect .
Wen the hpgferadmorg34®n track, it begins to read sectors as they are

encountered. Far host systenms requiring in-order data delivery, data can be
shi pped to the Hasbuffenddd ishised forhold writgdatarreepined dronhths AJé data semck 1450 In

inportant feature of t .es odi ment i.s,the il 0 add on-track
a1y secrtiRe et e B PRt R sier, & Hoel delpelebort o bt

I BM's U. S. rRhfifdd & a/s3v ofhth tloke MamaSstdrtify stRitesO hind@lehih, $LEIY Sireffig dat a
track for protection of data sectors. In the present enbodi nent, because
the data is witten in full-track cluster increments, the parity sectors
can be conputed on-the-fly w thout incurtging a significant perfornmance hit.
Further, the second |l evel error correction code (ECC) on the data sectors,
and any ot her overheads on each sector, such as dual sync, can be

el i m nated, because now the | oss of one or nore entire sectors can be
covered by parity. Since a track typically has nore that 200 sectors,
adding 2 parity sectors per track incurs a loss of 1 %in capacity, which
is nore that conpensated for by the renoval of the second | evel ECC (1.2%
per byte per interleave) and dual sync (4-5%. Any sector not corrected by
the first level ECC, or that fails to sync, is corrected on-the-lly from

o v o 1 o~ ~ A o o o " o N\~ - r o —r—~ A




applied to the cluster as a whole, leaving the individual sectors 601-604
unencunbered by a secondary ECC. The ECC sector 611 will cover for the |oss
-of any one of the sectors 601-604. Current hard disks are usually specified
to have a hard error rate of approximately 1 bit in error for every 1013
bits read (an error rate of 1013). In the cluster architecture of the
present enbodi nent, assum ng a raw bad sector rate (no sync or first |eve
ECC failed) of 10'S, with 2 parity sectors per 200 data sectors, the

probabilit f a track .hgvi ncorrected sectors is,10-9. This,co respbnds
o a har o Dlems; pich 3F g ot ik BREGH G inctE B YomaBd St A mrobfedt ¢ e
present enmpReifd the Uita SO GPiet Rldress BRT £lehgth! aR! s&rﬁnﬁ%dﬁéé {sQR sith Skengr i ves.
When a data sector has errors that the first |evel can't correct (the
sect or cycbase addressrod redgentified kbjeetiand the offisetiafidtelse Thy hacatiod irbwfifer t48 wsadita . be
read, the niss'ng sector, wll be gorrected gr%fr tg,trsnsnission of the
data to t h¥oredhs datghlogkss determingd fromdhe staging p TeheSPaf 1y lsd’?’%%‘ﬁl R&WPYheen
read, up tau;’t%@%ﬂ IREBLO e &@%?%rte?@sre'iéacte‘a%ﬂ {hugete& cldsteRQdEntitied 4 biiflg exj['ilgfyfehreead

of the data. Further, Since ocations of the errors are kno
drive (thetypivally tantdinédcialal fieecspadedabler When theie, ar¢ naltipbcsiresms,ithe hast shpubd edur e

can be accpnpl.jshed in yough a sectqr tine, follow ng the conpletion of
r eadi ng thﬁé?qéébﬁs‘?ﬁ?‘éﬁ?/#ﬁ?{’%?’aﬁfﬁﬁé“‘g‘ B hydtsing2p P1eSHeMCEnce benefit over

current error rgeRENCA O SRHY Eeam %Fﬁf&h@ér B&m&lﬁl@y,eﬁldad&gue%ﬁm)y‘ﬁlﬁ@c fhifther

correction. Such behavior is critical for real-ti'me streamng data flow.
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head for witing data and a disk with a plurality of data tracks, each data
track having a plurality of physical sectors, the nethod conprising:
receiving a data streamfromthe host; organizing the data streaminto a
plurality of data clusters, each cluster having a plurality of data bl ocks
wherein the nunber of blocks in a cluster is equal to an integer multiple
of the nunber of sectors in a track; positioning the head to the track
where witing of the data streamis to begin; witing the first bl ock of

fter the PeHEoRE shflical Solok] Ghap B SR 3ERl-R i R iR the ech i o0
bl ocks of umd tid dissterad eomipiételyWiRILACEED] Mot sHowaiis fle pRREe&sUFapSitng Wi |HRS by
the head. 2. The nethod of claim1 further conprising, after writing the

first cl usintgrnal tablgst incluiding thalocation@f the physieal sentiortthatdkthe wharttof thy diusterstor st

bl ock of t second.cl uster .to t fir hysi.cal ., sect or encount er.ed by the
nead af t er AL BlReRegyat SHEE 466 ot fie orole ot ng SBu AT JBione EbodieRs g
subsequent thglsRpt seétor S¥ahS SIRABLas bl Idetifib Poetbisse TSRt BY &ick Bhta BREK O S Of
encountered by the head. -ii 3. The method of claiml further conprising

stori ng ph¢Bfl.cBY) is auitien intodwpplwsiéal séaonwherothe deta blucklislwsatedne of the
bl ocks. 4 e, KBS §98oPfieShabaloP Sl Manledl hilpnd Q531 R ALOLIRE L3y
clusters, and the location of the free space is known to the control logic 142. For example, a
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conventional file allocation table (FAT) based system would use a cluster size that is a
multiple of a track size. For disk drives with zoned-recording architecture the track capacity,
and hence the cluster size, will vary according to zone. In a zoned drive, this will require
adjusting the storage unit size accordingly (e.g., 250 data blocks/physical sectors per cluster in
one zone, and 240 data blocks/physical sectors per cluster in another zone).

When the AV data stream contains multiple clusters, then writes are handled as a
series of independent single cluster writes, but preferably to a series of nearby or adjacent
tracks. A data write that is not exactly one cluster length is rounded up to a whole cluster
length. (

| By writing the cluster to the first physical sector that passes beneath the write head
once the head has settled on the desired track, the present embodiment provides significant
advantages where interleaving is used. During interleaving the multiple recording and/or
playback tasks are cycled, until all the tasks are completed. When recording data, at the
beginning of each cycle, the next portion of the data is again written to the first available
sector, without waiting for index. For example, in a DVR, two video streams may be being
recorded simultaneously.

The advantage is illustrated in Figs. 4A-4B, which shows a group of tracks with
different tasks associated with the tracks for an example where there are 256 data blocks
(BO...B255) in a cluster. A sequence of two interleaved cluster writes is shown with the prior
art FBA in FIG. 4A, and the indexless format of the present embodiment in FIG. 4B. Examining

a two-cluster write first in FIG. 4A, it is seen that the drive must wait for the index sector 411



a bl ock nunber into the physical sector where said block is witten. S. The
nmet hod of claim 3 wherein storing location information conprises witing a
start of cluster indicator on the track where the cluster is witten. 6.
The met hod of claim 1l wherein at | east one of the data bl ocks in each
cluster contains error correction information and wherein organi zing the
data streaminto a plurality of data clusters includes conputing error
correction information for each cluster froma group of data blocks in each
said cluster. 7. The net hod of aim6 wherejn conputi ngﬂgrror correction
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on track 5 (sector S6) removes the second latency. The only delay between the completion of

writing the first interleaved cluster and the beginning of writing the second interleaved cluster
is the time to seek to and settle on the new track, shown as dashed line 414. Whereas the prior
art scheme of FIG. 4A took 4 disk revolutions (2 to write the full track clusters and 2 for
latency awaiting index) to complete the interleaving task, the indexless scheme of FIG. 4B
took between 2 and 3 (2 to write the full track clusters and less than 1 to seck between the
tracks). In addition, if the data clusters at tracks 2 and track 5 were not interleaved but were
from the same AV data stream, then when the data stream is read back, the track skew is
already configured optimally (i.c., the head can read immediately after seeking from track 2 to
track 5). This reduces delays in reading,

In the preferred embodiment described above the physical sectors have address
numbers so the sector number of the first sector encountered after the head settles from a seek
is read and associated with logical data block BO. There are alternative methods to write to the
first sector encountered and identifying that sector as the beginning of the recorded cluster.
This can be done in a number of ways:

. Write the block number (BO0...B255) into the physical sectors,

. Write a start of cluster indicator on the track (e.g., within one of the physical
sectors),
. Keep the start of cluster location in memory, and store this information in a

special location on the drive (e.g., as part of the free space or file location information).

The net effect is that rotational latency has been removed for write operations, and all



the data streamis a stream of audiovisual data. 12. The nethod of claim 11
wherein the stream of audiovisual data is an interl eaved data stream -13
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1 94" 10%<<&' ”('l)e. irsfphysical sector encountered during a read operation will tend to be random
following a seek. Therefore, the randomization introduced in the write operation will have no
net effect. When the head arrives on track, it begins to read sectors as they are encountered.

For host systems requiring in-order data delivery, data can be shipped to the host once the first

. cluster sector has been read.

An important feature of the present embodiment is the ability to add on-track parity
sectors without incurring a read/modify/write performance penalty. IBM’s U.S. patent
5,737,344 discloses the use of parity sectors on a data track for protection of data sectors. In
the present embodiment, because the data is written in full-track cluster increments, the parity
sectors can be computed on-the-fly without incurring a significant performance hit. Further,
the second level error correction code (ECC) on the data sectors, and any other overheads on
each sector, such as dual sync, can be eliminated, because now the loss of one or more entire
sectors can be covered by parity. Since a track typically has more that 200 sectors, adding 2
parity sectors per track incurs a loss of 1% in capacity, which is more that compensated for by
the removal of the second level ECC (1.2% per byte per interleave) and dual sync (4-5%).
Any sector not corrected by the first level ECC, or that fails to sync, is corrected on-the-fly
from the parity sectors.

FIG. 5A shows the ECC scheme for the prior art FBA architecture and FIG. 5B shows
the ECC for the AV cluster architecture of the present embodiment. In the FBA system (FIG. 5A),
each physical sector 501-504 can be accessed individually, and thus each must be protected by
a second level ECC (511-514, respectively) to ensure data integrity. In the cluster architecture
of the present embodiment (FIG.5B), the data is processed in clusters, even though a cluster is

written into contiguous physical sectors 601-604. Because of this the ECC sector 611 can be
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applied to the cluster as a whole, leaving the individual sectors 601-604 uner;cumbered bya
secondary ECC. The ECC sector 611 will cover for the loss of any one of the sectors 601-604.

Current hard disks are usually specified to have a hard error rate of approximately 1 bit
in error for every 10" bits read (an error rate of 10'). In the cluster architecture of the present
embodiment, assuming a raw bad sector rate (no sync or first level ECC failed) of 10”, with 2
parity sectors per 200 data sectors, the probability of a track having uncorrected sectors is 10~
This corresponds to a hard bit error rate delivered to the host of 107", Therefore, the present
embodiment is substantially more reliable than current disk drives.

When a data sector has errors that the first level ECC can’t correct (the sector eyclic
redundancy check fails), or if the sync information can’t be read, the missing sector will be
corrected prior to transmission of the data to the host. Once all the data sectors in the parity
group have been read, up to 2 bad sectors can be re-constructed without requiring a re-read of
the data. Further, since the locations of the errors are known to the drive (they are technically
called erasures), the reconstruction procedure can be accomplished in roughly a sector time
following the completion of reading the track. This will provide a substantial performance
benefit over current error recovery procedures, such as re-tries and software ECC correction.
Such behavior is critical for real-time streaming data flow.

There are various schemes for encoding the parity information. The two preferred
schemes are Reed-Solomon (RS) codes and the even-odd code. The RS code would be

| substantially similar to the first level ECC. The number of sectors used in a parity
computation is called a parity group. If the number of sectors per parity group is limited to 255,
an 8-bit symbol size with 2 check symbols (like one interleave in the data sectors) can be used
as the ECC to fill 2 parity sectors. This will correct any 2 bad sectors in a parity group. The
even-odd code uses a row and diagonal parity scheme to produce 2 parity sectors that can
correct any 2 bad sectors in a parity group. Both schemes can be extended to an arbitrary
parity group size and number of bad sectors.

In a zoned drive, the number of physical sectors per track varies from zone-to-zone;
thus the number of data sectors in a parity group may also change. Further, there can be more

than one parity group on a track. For example, if there are 400 data sectors on a track, it may
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lead to the cluster size and the parity group size being different. There may also be variations

in cluster size due to defect management (the mapping out of defective sectors on a track).

For performance measurement of the present embodiment an external file system using a
zero-latency write scheme was used as the baseline for comparison, and assigned a 100%
performance figure. In the baseline system zero latency writes do not change the location of
the index sector on a track, so block Bn is written to sector Sn, but the sectors may be written

out'of order. Data writing can commence when the buffer contains the data block Bn when the

head is over Sn. Zero latency writes take only one revolution to complete if all the blocks for
a data track are in the buffer memory when the head has settled on the track, but can take more
than one revolution if some of the blocks haven’t been received by the time the head has
settled. Since worst-case performance is of primary ithportance in the AV environment, an
operation is defined as a full data band or zohe seek plus the time to complete a write.of a full
track of sectors. The present embodiment format described above scores from 115 to 135% of
baseline performance, meaning it is 15 to 35 percent faster in performing th'e write operation.

" If the cluster size is selected be 3 full tracks, the score improves to 179 to 211%. While the
Iarger cluster size has a dramatic impact on throughput, it requires a proportionally larger
buffer.

While the present invention has been particularly shown and described with reference
to the preferred embodiments, it will be understood by those skilled in the art that various
changes in form and detail may be made without departing from the spirit, scope, and teaching
of the invention. Accordingly, the disclosed invention is to be considered merely as

illustrative and limited in scope only as specified in the appended claims.

%
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What is claimed is:

1. A method for writing data from a host to a disk drive, the disk drive having a
head for writing data and a disk with a plurality of data tracks, each data track having a

plurality of physical sectors, the method comprising:

receiving a data stream from the host;

organizing the data stream into a plurality of data clusters, each cluster having a
plurality of data blocks wherein the number of blocks in a cluster is equal to an integer

multiple of the number of sectors in a track;

positioning the head to the track where writing of the data stream is to begin;

writing the first block of the first cluster to the first physical sector encountered by the

head after the head has been positioned to the track; and

writing subsequent blocks of the first cluster to successive physical sectors

encountered by the head.

2. The method of claim 1 further comprising, after writing the first cluster,
positioning the head to a second track, writing the first block of the second cluster to the first
physical sector encountered by the head after the head has been positioned to the second track,
and writing subsequent blocks of the second cluster to successive physical sectors of

encountered by the head.
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3. he method of claim 1 further comprising storing physical sector location

information for at least one of the blocks.

4, The method of claim 3 wherein storing location information comprises writing

a block number into the physical sector where said block is written.

5. The method of claim 3 wherein storing location information comprises writing

a start of cluster indicator on the track where the cluster is written.

6. The method of claim 1 wherein at least one of the data blocks in each cluster
contains error correction information and wherein organizing the data stream into a plurality
of data clusters includes computing error correction information for each cluster from a group

of data blocks in each said cluster.

7. The method of claim 6 wherein computing error correction information

comprises computing parity information.

8. The method of claim 6 wherein computing error correction information

comprises computing a Reed-Solomon error correction code.
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data blocks in the first cluster are written to physical sectors in the same track.

10.  The method of claim 1 wherein said integer multiple is at least 2, and wherein
writing subsequent blocks to successive physical sectors comprises writing until the physical
sectors in the first track have been filled, and then successively positioning the head to an
adjacent track and writing to successive physicals sectors in said adjacent track until all the

blocks in the first cluster have been written.

11.  The method of claim 1 wherein the host is an audiovisual system and wherein

the data stream is a stream of audiovisual data.

12. The method of claim 11 wherein the stream of audiovisual data is an

interleaved data stream.
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