7 2.FEB 2007 METHOD FOR WRI TI NG STREAM NG AUDI OVI SUAL DATA TO A DI SK ;
DRI VE - Techni cal Frefd This invention relates generally to magnet? ¢ FEB 2007

recordi ng di sk drives, articularly to disk dri ves'opti m zed -f or
writing and readi ng aqmmmwmmmumlml sual (audiovisual or "AV') dat a. _
Background of the Inve na conventional magnetic recording disk drive

used in. the conputer data'$¥8cessing environment the data is stored on
the disks in fixed length (fixed number of bytes) physical sects.in a
formt caliETHODFORWREKING STRIPVING ATBROVISUAR TR G BIgR BrIVES
concentric data tracks on the disks have a conmon 1 ndex, I'ch represents
the start of the tracks, and each sector on each track has a physi cal
sector nunber or address. Current ﬁiﬁk' d['l,vles in the conputer data
processing environnent are characte andom access patterns and
smal | bl ocks Toiis il@érion kélated n%?affl?:to inAghdiie rédrERY bR BB arfj}ﬁ?xqat a
processing is characterized by sfreans of -large sgquentfg oc‘ks_ of dat a,
and by t rarticylagly|te disk dgvesfoptinlizedfoewstinganiseading audix andpdrevisudMaddib@isgdl r eam
interleavjn VA 'hqws a digital video recorder (DVR) to record and  play back
real -ti rré)rtgl evision and to record two tel evision progranms simltaneously.
‘The benchmark for data storag®adk8rédifl ffhe€MWenhBbRENt |1 S based on cost per
unit of performance. The AV disk drive data workload is categori z_e'd by a
doni nance. of It aFgpyeptigpabmagpeticugdording disk tiryeysed sethe wbinputsnddtd proeasdimgand

wites t . t.f.r t| cont ain _onl nmal | agpunts of data. A
- disk dri Gg%lr%erngﬁgrdé‘{a 1%‘9&? ioﬁﬁh%%% l??’%‘ Béﬂeagﬁéﬁéeil?%l?ef PgEH‘ESStPP)‘Féca_ wai ting
due to rceeofsimaforinat atiedfixéd ok drbiitecinfe(FiBN)aYn & BBl i&drive! tht Béncthirce head
(Tb wait for th disk.to rotate until the index is detected before the next
wite carﬁiagé{?ﬁfs. OM%SFHE? haye g commyem ipges, wbichricaressatsaha stass of thatragks, arver e i s
an uncor kg RBloL o EdcftrabiOha a Ei@al%@&f)ﬂoﬂun%& B{]ﬁdd?és Keub b sk BivaQin'th{™® 1O
re-read the data. Instead, the DVR w not e a he
computer data processing environment are characterized by random access patterns and small

blocks of data. In contrast, in the AV environment the data processing is characterized by
streams of large sequential blocks of data, and by the interleaving of multiple streams. For

~ example, AV data stream interleaving allows a digital video recorder (DVR) to record and
play back real-time television and to record two television programs simultaneously.

The benchmark for data storage in the AV environment is based on cost per unit of
performance. The AV disk drive data workload is categorized by a dominance of large reads
and writes, interspersed with small reads and writes that may post frequently but contain only
small:amounts of data: A disk drive, therefore, may find itself spending a signifi_cant time .
waiting due to rotational latency, i.e., the time delay required for the write head to wait for the
disk to rotate until the index is detected before the next write can occur.

Another aspect of thé AV environment is that if there is an uncorrectable error in a
data sector on the disk, there is no time to re-read the data. Instead, the DVR will note that the
data is incorrect, and attempt to conceal the missing bytes, such as by fréezing the AV stream
briefly to mask the error.

What is needed is an AV-optimized disk drive that does not suffer from delays caused

by rotational laten'cy and re-reading the data in the event of a data error.
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data is incorrect, and attenpt to conceal the m ssing bytes, such as by
.freezing the AV stream briefly to nask the error. What is needed iﬁZ%@BZU
AV-optim zed disk drive that does not suffer from del ays caused by 07
rotational latency and re-reading the data in the event of a data error. -1
2 FEB 2007 -2 Summary Enbodi nents of the present invention relate to a
nmet hod of witing stream ng audi ovisual data to a disk drive by organi zi ng
the data into clusters and commencing witing the clusters to the first
physi cal sector encountered after the read/wite had has settled to the
desired track on the rotating disk. A cluster contains a nunber of data

bl ocks corresponding to the nunber of physical sectors in an integer
nunber of tracks on the disk, so that the witing of a single cluster is
the witing { to an integer nunber of full tracks on the disk. Even though
the disk may have a physical index tSUMM#&ERtify the first physical sector
in all the tracks, the witing of cluster data takes place w thout the

need for i ndEmbogdimantiofi the eresendynvegtion redatelioe imatkad efavatingwiesaming audjivésual
recording tasks are cycled until all the tasks are conpleted, the clusters
i n t he dptartgta diskr driiverbyodrgatising ithesdats ¢k clastersveni tcommedaing rvgritingehé tlusters to the
interleave cycle or period, and the head is then positioned to another
track \harghysioa sktosteacsuntened hfter the rrsdd/weitet haanhaf setthed ®ethenddsitaisifackr 6n the
witten during the next interleave period, beginning with the first

physi cabtagigCdiok. ANElOUEH @hshstyniniter REdska bA@RE QoMéspbRdhg YR iHeindenbbPEf pHIIRY!
The | ocation where the first block of cluster data has been witten i's

i denti fsbsks aWnite;gEPﬂnﬁber Bl A&k BHARELsK, B5 that e m}f%&ﬁ' sir?gﬁ%élgitflqg HMvriting

witing a start of cluster i1ndicator on the track ere uster 1s

wri tteq, PERRGP fubBG it BAOBHA AR R el THobbfthe' ol M) RAVALhSlHPhELx o
I ncrenents, arity sectors t1or

identify the first physical sector in all the tracks, the writing of cluster data takes place without the

need for index.

During interleaving of audiovisual data, when multiple recording tasks are cycled until all
the tasks are completed, the clusters in the first portion of the first task are wriften during the first
interleave cycle or period, and the head is then positioned to another track where the clusters in the
first portion of the second task are written during the next interleave period, beginning with the first
physical sector encountered by the head, again without waiting for index.

The location where the first block of cluster data has been written is identified by writing a
block number into the physical sector or by writing a start of cluster indicator on the track where the
cluster is written.

Because the audiovisual data is written in full-track cluster increments, parity sectors for
error correction can be computed on-the-fly without incurring a significant performance hit. Second

level error correction for each of the individual data sectors can be eliminated because the loss of

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



error correction can be conputed on-the-fly without incurring a 5|%nificant
. performance hit. Second |evel error correction for each of the in FEBQMWI
data sectors can be elimnated because the | oss of one or nore entire
sectors can be covered by parity associated with the entire cluster. 12 FEB
2007 -2a An aspect of the present invention provides a nethod for witing
data froma host to a disk drive having a head for witing data and a disk
with a plurality of data tracks, each data track having a plurality of
physi cal sectors. The nmethod conprises the steps of receiving a data stream
fromthe 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 equaT‘QQT an integer multiple of the nunber
of sectors in a track, positioning the head to the track where witing of
the data strdamspect péth@ergmnt ipventionipnayiddse methed fdslvoitkngodata fremfa hrost tocd disk er
to the first physical sector encountered by the head after the head has
been palsivt haviegla head foe writing idataand awdisktwitlga plubsiey ofddta rhaskeaachtata ack having
cluster to successive physical sectors encountered by the head. For a

ful | er ayelalistapliysieal @bctbide Tha bt daddhpd¥Atht 3EBS oPfectiRMgl &L Qteal¥SAAON,
reference should be made to the follow ng detail ed description taken

t oget hgfostwot mtzhl% B€ QQHRaRNh n&ofd SUFaBi8y ofié’atfﬁﬁst%ﬁéozach%ﬁér ﬂ%%%@ra ﬁxfuka% of

t he Draw ng 1 shows a single-track cluster of eight fixed-

| ogi caly,hlQs Jécg V\(kﬁgm tl'EQumb%?%PGl Qﬁsﬁﬂ é‘%l\%ﬂer% QE&al ROYS) n(f@ &%‘l\’t‘pgé 8{(&1§Qmmb§15 )

of a single ta track on a disk hena rrve
illustr t, a single track t c sectors cont ai ni n

+ecor il Toge Il Aol gftg e Peaé'*&ﬂﬁ‘s*?% Dot Bk ar o P SR iog evie

: process for dat a ste G 4A shows e prior art

' E'r ocesS'HEE ‘l% hsf H‘gdf Hg the %‘é‘?td‘fg’lmb % R ‘rS(SP{‘YWll F?ﬁ‘grqné%}‘éﬂeé g&fhg hepq aftgrdhe o
t he physical sectors that requires waiting for index for each track. FIG

4B showead has bsprpesitionsd tq the trﬁ%@éwrﬁtlﬁ% éN?SPG#an blocks oftthefrst plasterigisaegessive

bl ocks of
physical sectors encountered by the head.

For a fuller understanding of the nature and advantages of the present invention, reference

should be made to the following detailed description taken together with the accompanying figures.



A ved data streanms to the first physical sector encountered after
E:\glorrp: 2% ?(rjlnegf seeking to the desired tracks. FIG 5A shows the nmt BH.Q%
of .data and error correction code (ECC) on a track inthe prior ar F .
FIG 513 shows the |ayout of data and error correction code (ECE)_?nd
track in the cluster architecture of the present invention. Eetal enrt o
Description of the Enbodiments In the present embodi ment the ﬁSIS' uk
the AV streamdata is an integer multiple of full tracks on the disk,

- ' iple is 1, then one full
referred to as a cluster. prﬁﬂ?ﬂenct eger Eﬁtbg o , _
track unit is the cluster. herefore full track

wites. The daFis.dishewen single-tmcﬁléﬁmed@Mgﬁr%ﬁa%@b@k&ﬁ&é@%@ﬁ%@% at a

' - th .data. bl ocks, as in the conventlpn
L: éggsl ?2 °‘8F‘E‘it” cigbh physical sestors (Séat 3) odindingle damasdck onQ . t he data
bl ocks in theFﬁigqgg CRAMEN L pn, error correction informtion conputed
froma group of data {)clhocEtécocao ?l‘a‘?rhvieﬁlgusfrﬁ%“%ﬁl’éﬂ? Hacksyitic the physical mtoef Is tser
L e Lot he o B o U AT the 1 racks  making_Up.t he
i ' to the nunber of physical sec _ e tra up
L uctor The (Ei0a3 B ehopichirbiistastighprciss RN gl fddbauiAck Wi thou!

i ¢ AL between the | ogqical ock address ant _ .
ohoeFeat” <ot J1CR LB e I RIS el hh e oy 4
cl ust er olatasitrghmns td the physicay sdetdre giat AuilsAeditn rin‘d%for%g(%l%a% A ten
2 FEB 2007 t sjze of . one physical data sector. 1ese S are w
to the data t&i‘ék“éa‘&wﬁﬂapwsﬁ%@ﬁ thegpsent invéntive fortvarititatthe RERADBIOER.0f 0! 0CK

RBrld ' : SO...S7:
131 i e 1e Y/ d.sqg on as shown, The sectors
ae the phyer cal e e sl b b Al o ey sompltoRRt B> |

convent | GfeRingtodhe desiraditracksect or SO woul d hol d bl ock BO, Si woul d hol d

' i illustrating the nethod for

- block Bl1, and h ] is a block diagramil .

witing the | gz(?b%? Sl&wggq%%?ayguttq% gata and error correction code (ECC) ona track in _the _
p_riorartFBA. _

FIG. 5B shows the layout of data and error correction code (ECC) on a track in the
cluster architecture of the piesent invention.

Detailed Description of the Embodiments

In the present embodiment the basic unit for the AV stream data is an integer multiple
of full tracks on the disk, referred to as a cluster. If the integer multiple 1s 1, then one full
track unit is the cluster. All writes of data are therefore full track writes. The data cluster is
broken dowrt into an integer number of fixed-length data blocks, as in the conventional FBA
format. The data blocks in a cluster contain the AV data, and at least one of the data blocks
in the cluster can contain error correction information computed from a group of data blocks
containing the AV data. Since the cluster is an integer multiple of full tracks, then the

number of blocks in a.cluster is equal to the number of physical sectors in all the tracks

making up the cluster.

The data are written to the physical sectors in the track without the prior art association
between the logical block address and the physical sector number on the track. FIG. 1.shows

an example single-track cluster of eight fixed-length logical blocks BO0...B7, each of which is
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physi cal sectors. The disk drive actuator arm 101 noves the read/wite

. (RF'W .head 102 generally radially (as shown by the arrows next t PR3
102) across the disk 103, positioning it to the desired data track. A data
track containing physical sectors SO ..S7 is shown on disk 103. In.the
preferred enbodi nent each physical sector has a sector nunber or address
recorded at the beginning of the sector. These sector numbers are recorded
at the tine of disk formatting, when the servo positioning information is
recor ded. thdoshes/siTone hycaMl ! -
format is "indexlesg"ﬁﬁ¥.g??ﬁfﬁgrgi?gmﬁgnﬁégﬁﬂygﬁggpg#%?ﬂhwk%ﬁ?nﬁgéﬁ ndex
mark ide nﬁﬂflwﬂgen tedatrengitan SGiblask Blhie wiritigin ko ddfy setdr ISOLGH sold@1E showiMhe

h k, thi t t d
o | dent | PR S8 8 R BB Torom0m 18F BiclorSacios SO hale dalwhiaFka??. Awadat o
cluster, GQNeﬁtuﬁha'l‘EBAQ&'nPa@|se<91)f§ﬁ‘»§oﬁllaﬂold b}o%z(’Bd w\%idtho trblgg(cﬁb dSo (tmr ack,

t he fII’St data block 130 i's witten to the |ré physic
encountered byFiGhe lRﬁ dekddagﬂmﬂlusﬂmnghye e thio B if G gt (fhﬁe ldgic'al bleB&lto kiRt ency
ex

t hat woul head had to wait for in or for a specific
physi gal glé’(':s Scc‘Rﬁsen o °@ﬁ'§‘£’§f P’S‘Ch;%ﬁ‘%? the Wéd/WW(Wgﬂlf@%é?E rrgved
to a dat agénepd _
track havi ng; fi?,ergdlﬂya@g vanﬂmgeekwgto &E&gelggjrae g'ltﬂ(rfeaéé‘ B%ﬁ‘tf%’g‘?ﬁsd by

t he head l.t@cztheé&arqﬁglataﬁeac}srérdaemdeubnmnmgppmaal seaﬁjmsm 187q¢ mtwncz;{al fri?l' ,
h k 0 n t he servo-controll er
Lo move t AR 10 IS Brefb bbb Sl sar Y why Rl sackfl ot & secian SUmbrIr 0WERe

_this seekreemaédihu B8 bbgsmmglomepdeat@@ Thés@%ed@f‘ﬁltﬁﬁér?%@r@é&ﬁéctQQh@t\(mg }f
- source 145 .,.digital TV, DVR) is transferred through I nterface

control | e(#lslimnaﬁwawh@e&lelsm@ pesitignisgusfosmatitryiscerardesl. Hogeer,laieyarsgect

d fer ,s.used to hold wite _data
Focer ved ine e oo Ko oD Gkl {e gD .67 Afere B 0 Tt el e
143 Wil | }iﬂalsgablatie)r miaﬂalﬂeﬂnﬂyirlgshebeguﬁnhg)sfth@&ia@kSER/&@fHolugh tepd 3! iMitial

set o ta blocks with a starting address and a | ength.
} :]ag z?et tslfe}]g’élg% %@tor RUIQ[)FJE% %gaf,h track, this sector 1s not use% to identify the begmnmg of

the cluster on the track. When an AV data cluster, containing logical blocks B0...B7, is
written to a free track, the first data block B0 is written to the first physical sector
encountered by the R/W head 102, thereby minimizing the rotational latency that would
occur if the R/W head had to wait for index or for a specific physical sector. _
 When a write operation begins, the R/W head 102 is moved to a data track previously
1dent1fied to control logic 142 as being a track having free space. ThlS ‘seek” to the desired
track is performed by the head 102 reading the pre-recorded servo positioning mformatlon '
from the dlSk and the head R/W processor 140 signaling the servo controller 141 to move the
actuator arm 101 the desired direction and distance. While this seek operation is taking place,

. the data stream from the AV data source 145 (e.g., digital TV, DVR) is transferred through the

interface contro]ler 144, organized mto data clusters by control logic 142 and loaded into
buffer memory 143. _
The buffer 143 is used to hold write 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 stream is typically

- transmitted as a set of data blocks with a starting address and a length. In some streaming
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systens, such as object or file-based streans, where the command consists
.of an .object identifier, the data set, an of f set address and a |ehgth g he
starting address is. the sumof the base address of the identified obj ect
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

tabl e. \Weystéhs sechads@bjeed dr filk %as%ﬁrsﬁ@:{)ﬁ's whie tﬂé’é&mrﬁgo ecqrrsrﬁlaé)ﬁntll?%ct It is

streamthe data bel ongs to, such using. an o
benef i ci afdentifien thetdata set aeaffsajaddresslaudbeénghguﬂd%m ABdre RS0 HRMuhA Y, P! ace
Ffer is organi zed into a

furt her ta,.n cl data..in a cluster
set of seg‘%ls r?fjfhgfs Oﬁlieclagmlﬂfaﬁé’ IfF and thasdfsst ii(@neséa”ﬁhdalegatwnbmbuﬁfa 1dBlisddite dat a

for the ckidaiigs uf f n .the head 102 is
posi tioned and (sﬁelta t§ l&gﬁgr%émﬁﬁﬁéggmhﬂp%m?mgs? drBT’S ncﬁde afgis Written {q emptgr | s

written telustpes Ohlthesdlslpm;fsclnsaér is sededttel fr@h ¢iRiLet 6 @bters RN AFas BRin! Qirrﬁ)lt)g_s 1
now becones the first sector of the cl uslg

and 2. Th{ ect dgm
r ermai ni ng RIS ﬂ@ ZH’A‘? BitEeispace table. 1 Bihen therg #Témlﬂmplc stesamsethe dostishduly i nt o
physi cal RRASEH Seadlfle $h belot 6 tRafl G gn I et ot od” benoa:

not yet been witten because physica t passed beneath

head” 102) unt i Itistteaeficiaipo et acskruahen aichustbt bourlary, Bidsclyiéhtibiy }%laéé fitther F1 G 3
present  enbodi nment he initial

shows t hey | 0 atl
steps in ?{?%‘?a] cg‘#%%%s@‘ﬁ rﬁﬁ k@“ﬁﬁr&aﬁ@e@i@kﬂm‘mﬁ&mtld blocks.ansfer of

, the data fromTHeayhiY é}faﬁoﬁ%rtﬁ r nd to .a c]uster,
“desi gnat ed p oceec(i)g with ac sbteéiar?@?)] gitagfgwla&ﬁls‘% gF'éH’Cﬁ“’?‘t?)mFﬂl (in

t he ex anptr“éfeélé r Viberthe hgads hO2ns positisued ang ,settlquqr waﬂmghw\/ﬂrs@blo%ﬁ‘@o of e
control | he tr the disk drive for the
cl ust er n&%é%gl%?%ﬂr?gle& ﬁ}sﬁ?} St (ﬂ FV&’%’“WE&} aiS}§I6én Higsidandi2t This R/ W
head assaceftat 8anow bbconses Siechisf Seﬁtoﬁ bﬁllﬁe %lih"sﬁceﬁc'ﬁhe rebldfi tér%a{aq)?{gék'sf ied as

"h" and t brack associated wth that head is identitied by cylinder "c"
“whi ch i détit-PPELE tey Whien sqayentially intp physigahsdetans S’dmskSOtSa(with RIG.D in a

T et ik Ll aoémeﬂ)
sect or e complete cluster is written into the full track.
FIG. 3 shows the basic write operation in the present embodlment. The initial steps in
the process involve setting up the disk drive for the transfer of the data from the AV data source.
The read or write command to a cluster, designated n, proceeds with a cluster of data blocks
numbered 0 to-m-1 (in the example described and shown in FIG. 2, m=8), as shown at 200
The control logic 142 calculates the track (c h) on the disk drive for the cluster n (202). (Smce
most disk drives have multiple disks with a R/W head associated with a specific disk surface,
| the head is identified as “h” and the track associated with that head is identified by cylinder “c”
E which identifies all the tracks on the stack of disks that line up in a “cylinder”). The drive is
then instructed to seek to this track (204). '
The servo controller 141 and control logic 142 identifies the first physical sector -
~ encountered and the location where the first block of the clustcr wﬂl be stored for this track

(206). The first block BO is then written to t_he first physical sector encountered (S6 in the

example of FIG. 2) and subsequent data blocks in the cluster are then written into the



encountered and the |ocation where the first block of the cluster will be
~sto?ed for this track (206). The first block 130 is then wwltte?Fﬁgzmﬁe
first physical sector encountered (S6 in the exanpl e of FIG 25 a
subsequent data blocks in the cluster are then witten into ;he -5 1 2 FEB
2007 successive physical sectors (208). This occurs sequentlalry to the
rest of the track (210,-212) until the cluster |s.copplepely witten
(214). Not shown is the process of updating the drive's internal tables,

. . . . _ \ fr he

cluster 1o ol oot e e eR TS Sfurp Rabatiah Rk fost UnP R G2 248 of

enpty cl u¥Ridithe Clvﬂefdﬁ@mmwwm(mﬂhmm;mc\lm isgl;)elslﬁ@isgg (()%fcgdhl 3@75,1)3 gﬁggg can
[ i he j1dentit ac ata bl oc

o ten | ERAA BRI hEBRong e SDREnarar Bros RIS s efshe dulteraley type

. . ' p,track . of. the enpty
of file Sa!lﬁdveme@&etﬁé@ﬁo_ﬁﬂ&@@@ta@ﬁ@ﬁﬂ]ﬁg%ﬂgﬁiﬁgg@edfﬁgfﬁ% (g\lllﬁgrg.olnt(ﬁlg embadimsnt, ogi ¢

ters, d the location of the S .
?458 E(r')f @;gﬁmm seetor efghe elustenaalbefiddntified bmaste:c tﬁﬂideﬁtlilb"l?f eﬁmtaw g_ S{St em
I ter.siz hat i.s.a nultiple of a track size. For dis :
\é\lr):Jvceis uﬁﬂ@"ﬁ%@é%%é%ﬂf’ﬁ?h& YRl SePrVhere the d@W&ﬂWkdgbgeﬁeﬂ-y, t and heln?:e the

| ust .Si , Ak & } i ive, S W
equire ad ustin e s o o B8 dcs BRagcl Rafiog B, Kbyt bl ety
bl ocks/ pkﬁ?%ﬁ“?f&lang lggatiop of thf}lfLPStSpaceiinknwnﬂﬁzmntm?lﬂrg%\thZdtﬁ%ﬁexz\x\?pgé?a

' ' r i n.another zone). Wen the _

g ![ ?ggsrﬁ/ (F:) (I;Bré? g‘%ﬂ%g nﬂuﬁ% ?‘Eﬂscé&gl} E‘Q"Z}? é‘ﬂ baserh syifsm wouldruse Ralgteesizathatis aser i es of
/_I"ndependemtltiplervghérack sizé. ForWiskid@ives With z@ﬁe%f-r%&ﬁ'l?ing at ittt rtﬁe%acgfc%pna%é&fby or
“adjacent tracks, A data wite that is not exactly one crqster I"eng i's

rounded (APAHENSS thpcInstersizes wall vary aeording ®yzone. In mzprieth drict, uisit @il tequirhie first

I cal i - e ite head . once the head has
ohystcal saRaLedut SelagharaSa; REDRAAN IE OIAG iEadmncr the fiead s
advant ag@de aprs; and 2Aledatablocksiphiysical sedlors Per dligeriin hsth@awhe)g the mul tiple

' | il he tasks are
recordi ng andA I y) Sak tasks are cycled, until all t
‘conpl et.ed. V\he\ﬁﬁernetg%g i‘% Waco&{alr{s%ultlple clusters, then writes are handled as a

. series of independent single cluster writes, but preferably to a series of nearby or adjacént

tracks. A data write that is not exactly one cluster length is rounded up to a whole cluster

3 length. ' - _ | S |
- By writing the cluster to the first physical sector t_hét '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 writteﬁ 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 trlacks 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
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begi nni ng of each cycle, the next portion of the data is again wrltte_n to
.thglfi.rs? avai | abl ey sector, without waiting for index. For exaﬂgFg%Vquz a
DVR, two video streans may be being recorded sinultaneously. T t age
is illustrated in Figs. 4A-4B, which shows a group of tracks with

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

a]ready configured optimally (i.e., the head can read immediately after seeking from track 2to0

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 aré alternative methods to write to the

first sector encountered and identifying that sector as the beginning of the recorded éluster.

‘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



al ready configured optinmally (i.e., the head can read inmediately after
.seeking fromtrack 2 to track 5). This reduces delays in readijngfgg np he
preferred embodi ment ‘descri bed above the physical sectors have address
nunbers so the.sector nunber of the first sector encountered after the head
settles.froma seek is read and associated w th |ogical data bl ock BO
There are alternative nethods to wite to the first sector encountered and
identifying that sector as the beginning of the recorded cluster. .This

can be dorgit jftu(gmie ' ' jp - ri(BO.,... B255). i nto
t he physi ?‘g}tésgggltl ors, Blﬁl{eyeém%&s?fa{}r{% Hl%?tcﬁbﬁnﬁ éetggh?fgygg ag}&%%etgwgor{ ‘Sgick
(e.g., w tiack Kordraok-td-treckxeyiesi and headsewitohes whichKeqdd béfeqairéd whe rebordimper
| ocation in_n m)[ nd lito're this information in a special |ocation on |
the dr i ve Ulipje-clusier daip,the present inyerntiondp aplema)veause the irstsecsor dncownterad o) .

: tealoB 3 \ . b roved for wite
oper art ond tEm ek if i bad hgt ik coBHC KN BRRRE Eo¥ReS Op hBrestlokitic i on of
the disk to coRpidemraioncarchfatfeetd, frisnsaitill R peAbmiddas z&xbﬂ%ncﬂ; d}f\%ations.

ck-to-track seeks and head switches, which would be requirée en

recor di ng geal setoresnceptered dyringreadoperationayillitend th be oadomml  because
the first . o '- Lot he one where wrjting _
cont i nues,f(m\%/lg%1 o?féag\}aﬂ?%r%&?gl?q?nn Iengﬂ\({)\{rp h gnq %iragé%tl_ns ev T}e ﬂg%{aﬁ%b‘ﬁ’rﬂaqalvﬁﬁ% are
unaf f ect edet edifieck. Mihensthe héadogrivsoharaok,dt Beginsas feall 3RS s P hitlenBblmtered N

first physical , sector encountered during a read operation wll tend to be
‘rando mp : %/E?ﬁclmﬂ $Y§iems LUK IngEROf g‘?té deliyegy, dafa gambeshinpsd to the hostwaesdthe first he

L Write opeglabibPdcith his BraN Geag0 - net effect. Wien the head arrives on track,
('Tt begins to read sectors as they are encountered.. For host systens

First  of ust erad dapPebfi Ay b Reposnt e ity 6 o PG pvibont
enbodi menectbs wiltkualiclriring ol reaBREdiSyI Wit S foRRRAdepenalty. 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 se;ctors, 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



sectors without incurring a read/ nodify/wite performnce penalty. IBMs

.U S. patent 5,737,344 discloses the use of parity sectors on a ggta.track
for protection of data sectors. In the present enbodi ment, becat & EB g7
data is witten in full-track cluster increments, the parity sectors can
be conputed on-the-fly without incurring a significant performance hit.
Further, the second |level error correction code (ECC) on the data sectors,
and any ot her overheads on each sector, such as dual sync, can be

o L 1t e R DO A b B B Se a Sb e

covered b nce a track

adding 2 speoriday BEC! The EOE seblor6K1 Wl b6ver Bor RSB sObf shyYh Br GRRASH 1-‘(9@"“
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per byte per i qnéb@ﬁéﬁiséfﬁéredﬁaﬂl)smq@iﬁ@dlﬁh@vssahartyemrm'gterof Bptqi;]roﬁi?’lfaltﬂjz}lw by
fi : f.a) ta s ' rrected an-the-fly rom
e a4 A ey PRl Pl S BT 8T RS o b s

ar chi t ect wmbodimbnElaSuniiBg 2 howbad sddeor e (iPéynk faeﬁAW&zbméerfaﬁeﬁg BH@’EW(hezt of
t he present .enbodi nen In the FBA system (FIG 5A), each physical sector

501- 504 cé’ﬁnﬁéeateﬁsd@%é@o flafapestersehe probaimtity ofusrask bhving shcdrecdateotsdd 103 a.
second | evgs é%ﬁa;fog%ﬁ%rg%ﬁ%px%ﬂdt%’@él%)ereg?o g} %%e %%tla fﬁc{rg@%t . In the

cluster architecture resent  enbodi ment G5B), " CePrpsgnt
pr ocessed embodiment srsabstantintly hivwel ghliableahansdu@teni disk Wivdst €n i nto conti guous

hysi cal sect 601-604. Because of this the ECC sector 611 can be -8 i 2
IF;Eé 1007 apploﬁ-’(,z‘ﬁnffl ata secton has eEprs fhat the,first level ECL; cangt @W@Cti(ﬁwisﬁtmh%ect'?rs
( 601- 604 upansdARBEEHREK Mils P or FIROHAB Mofkton EXP1 Filead Gl R JbddiaQer for

Tthe | oss of any one of ?Egrsect ors 681- 682. Curr_eﬁ_t ﬁar s‘gl%ﬁs ar e %sually
speci f i edeariscied paoptorteangmission of thetdatagh thedmst xOmaztadilthe datbbdctors in the party f or

y 101 ' ¢ r.rate of 1013). .In the cluster architecture
of the presi b BB E o 2y s S v A B e LR R D S RO OF
first | evihk dB@CFhmlieresicealie bGatfons f thB eRorspad krlownSt8 ¢hdriveR ey 28Qed ll%'
sectors, the probability of a track having uncorrected sectors is 10-9.
This cor r@ﬁ%ﬁ’&%‘"ﬁ » the FEeppstpictionsproggduregan bgarsarenlished ip roeghlnaseactastine0” 17.

Ther ef or eollbWgRhESRletion of reading the track. This will provide a substantial performance
benefit over current error recovery pfocedurc;s, 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. Thé two preferred
- schemes are Reed-Solomon (RS) codes and the even-odd code. The RS code would be
Subs#antially similar to the first level ECC The number of sectors used in a parity
~ computation is qalled 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 sécto;s) 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 parify group. Both schemes can be extended to an arbitrary
" parity group size and ﬁumber 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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enbodi ment is substantially nore reliable than current disk drives. Wen a
. data sector has errors that the first level ECC can't correct (th@ FEBCHR'
cyclic redundancy check fails), or if the sync information can't be read,
the mssing sector will be corrected prior to transmi ssion 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 |ocations of the errors are known to-the drive:

(they ar ebebc:shmlmalzly tyG@dups ¢ Bt uct edure can
be accorrpLFégfq in Poﬁy%??/lﬁ sect olr}gltﬁ;ﬁﬁrrtgrt)?@ﬂt{&%%és ﬁ‘ﬁgre?ﬁ%wﬁ?ld

readi ng t e klustersice 45d the parily grbep aize bbing differait. mﬁérf:%m%%e vafiftnk ¢

OVer curr rocedur such as re-tries and software ECC
correcti Oﬁf@lus‘g& R d{lﬁ%v‘?/ g dpginggemepbéﬁe Mapping.eyt.of ﬂﬁf@cts\terseetmsnm atedck).f | ow,

‘There are vari t he pari |nf ormati on. The two

preferred schengs ar eﬁ%gé{??é% ?’fgﬂ%{ﬂ% es%&@‘?o ntweemﬁqummumngme

RS code wsoi-titdney vibbhant inab Liedsk WelASelfn® frtSmbhiith, AEVEL LP;@C'/G nurber
a arl gro

of sect ors sed i parlt conputation is ca If the

nunber ofPLEEEYICE tyb?SQﬁlﬂéﬁxStqngmro &ntctneyl vmbesmﬁxot clang8tHailbcagybp! Si ze

wth 2 chﬁgﬁldg,ygggg}rg I e inth sectors) can be used
- as the ECC to fil ZanraFl‘?;Qggog{(%&lé F%tovﬁe?tf’r ?’Pb £ SSERrs malhg wediehor s i n

2 parity & oqrerT s a vty outoniacsaen de bt AL IOMH IBAL bhY1SE IR ! ©
ty .

produce i correct any.2 bad sectors 1n'a
- group. B(?}eﬁélgcéﬁern%@ Ozceglr;lfabénug g‘?‘fg%lff by %?rﬁY‘gP‘E‘?“aWOHWéﬁm tfyllgheohlpclmfae and

“number fadaéadrackateanﬂlebhffeﬂmaﬂﬁgdwl%lﬂ{@h R8s AU Vel cal gecLors per
‘Track varj es fro zpne-to-zone; thus theé1 nunber g)?”@g?%ﬂ% ?Woff

parity. groupeqeye ‘51°§df maRfdhe Haekshaven’t brsneeccived bg titime t}fcmasume parity
group on gttlelaSkce FRL: Qgééaerg)é 400 data se rs.on a track, it
may -9 2 FEB 2007 beStbest tr%ngéﬁeceépgg‘rﬁ?rﬁy grB%aélcfbn ﬁlietﬁ‘ SRHEPINER @p of
dat a sectapestipeis dedined gs 5 6t data bafidics zoweeek plu itk tirfle td\@nsHIbte bS¥rits bEE faNd

_ the pari L¥acR ?ye%torls thebgrlege%t gxlngo ugl%Qtt forrIarl]t%rescnbe al?cl)vséoscgrees \t/’r%Inl 1alt5I tgrﬁS% of
baseling performance, meaning it lS 15 to 35 percent faster mn performmg the wnte operation.
© If the cluster size is selected be 3 full tracks, the score improves to 179 to 211%. While the
| larger cluster size has a dramatic impact on throughput, it requires a proportionally larger
buffer.
Whilc the présent invention has been particularly shown and described with reference
to the preferred embodiments, it will be undcrstood by those skilled in the art that various
: o changes in form and detail may be made without departing from the spirit, scope, and teaching
' of the invention. Accordmgly, 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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in cluster size due to defect managenent (the mappi ng out of defective
. sectors on a track). For performance neasurenent of the present enbodi nent
an external file systemusing a zero-latency wite schene was ugécFE@szggpe
basel ine for conmparison, and assigned a 100% performance figure. In the
basel i ne system zero |latency wites do not change the |ocation of the index
sector on a track, so block Bn is witten to sector Sri, but the sectors '
may be witten out of order. Data witing can comrence when the buffer
- cont ai ns Wigt #adanieiek Bn when the head is over Sn. Zero latency wites
take only one revolution to conplete if all the blocks for a data track
are in the buffer nenory when the head has settled on the track, but can
take nmore than one revolution if sone of the blocks haven't been received
by the tine ttle head has settled. Since worst-case performance is of '
pri mary i npor tlance 4 methRd fonwriting dagnfiemta hosirto adjskrdaive ahe ilisk deifé hadhgs a
full data band or zone seek plus the tinme to conplete a wite,of a full
track of headfosmgitingldatapind s elisk veittbopliunating off datavedcke] @ sel ddeetackiavgacores from
115 to 135% of baseline performance, neaning it is 15 to 35 percent faster
i n per f opharalfty o physidal &cRS EiRith&Red cdrh rish]%:cl uster size is selected be 3
full tracks, the score inproves to 179pto 211% While the larger cluster
size has a dramatic inmpact on throughput, it requires a proportionally
| arger buf f er TopN% 2 dpfa sppass &am thedestt i on has been particul arly shown and
described with reference to the preferred enbodinents, it wll be
- understood by those sFi lled in the art that various changes in form and
[ detail may be °HERENG e dale stEraphintg plusalisrefidata clysiters, eachsduyer, hawing at eachi ng
~df the invention. Accordingly,. the disclosed invention is to be considered
merel y a®lurality gEdatablogks wheteih it nusaber nf blodsen aklugteas cqpalab hi afeden. t he
appended clainms. -10 12 FEB 2007 What is clainmed is: 1. A nethod for
writing dattiplé philre aulmbertoftsectars éhi s kack:i ve, the di sk drive having a head for
witing data and a disk with a plurality of data tracks, each data track
havi ng a
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

encountered by the head.
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.plurality of physical sectors, the nethod conprising: receiving a data
. Sstreamfromthe host; organizing the data streaminto a pIuraIity;gf dat a
clusters, each cluster having a plurality of data bl ocks wherein! £ i€B 2007
nunber of blocks in a cluster is equal to an integer . nultiple 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 block of the
first cluster to the first physical sector encountered by the head after
t he head has been positioned to the track; and witing subsequent bl ocks of
the first cluster to successive physical sectors encountered by the head.
2. The nethod pf cl@iml further c rising, after witing the first
cluster, posiézt?i oni]ﬁné3 I’?%}é‘)d:%ftaﬁ&“?‘ol @gg%‘c,c@ﬁﬂ’"tsﬁnﬁél@,"nﬁnpwﬁl%@sqcm Iddatien bl ock
of the secpnd cluster to the first physical sector encountered by the head
after thé“ﬁ%@ﬁ“ I pidedst pessefithobleckst o the second track, and writing
subsequent bl ocks of the second cluster to successive physical sectors
encountered by the head. -11 i 2FEB 2007 3. The nethod of claim11 further
conprising storing physical sector location information for at |east one- of

the bl ocks. 4.4.The Tieuladdof chlidB Wi i i | gcation .information
conprises witing a block number i n{e\éwtﬁﬁlgﬁ%lﬁg%@%éﬂgg%%{%rCOWI%‘Feé"%’3?“@ bl ock

is wi tt%rblo&-nﬂfb%riﬁ%ﬁ@?%{ysg%al g%C%erh%remtei{@ig%st oring location information

conprises witing a sta uster i ' YgHPhe track where the
cluster is witten. 6. The nmethod of claim|l wherein at | east one of the
data bl ocks in each cluster contains error correction information and

i Wherein organi.zing,. the data streaminto a plurality of data clusters

“-i ncl udes corrpati ng T8 M6 OQBF?lé’@l3&Yhelieﬁlfsdﬁrirmtlb@tﬁOﬁdJrfommibncqufuti&rs wiHtiag a
group

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
contamns 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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of data blocks in each said cluster. 7. The nethod of claim®6 wherein

. computing error correction information conprises conputing paris
information. 8. The nethod of claim®6 wherein conputing error cdr?r/g:ﬁBc Lgh
information conprises conputing a Reed-Sol onon error correction code. -12
2 FEB 2007 9. The nethod of claim 1l wherein said integer nultiple is 1,
whereby all of the data blocks in the first cluster are witten to physi cal
sectors in the sanme track. 10. The nmethod of claim 1l wherein said integer

mul tiple is atg.l easthednetRiFofdEmel »Uher%isﬁiidﬁﬂaéequwwgﬂsél,?\)&hl?t;gﬁ ggfl%f thect or s

successi ve physical sectors conprises witin

in the fi een filled, and.then successively positioning the
head to a‘%%téléja%g}éﬁ{éq??t&% AR Wt?et"i tﬂ&%%“é&"&%%é‘l BSHPGYIKal s sectors in
said adjacent track until all the blocks in the first cluster have been
witten. 11. The nethod of claim1l wherein the host is an audiovi sual
system and wherein the data streamis a stream of audiovisual data. 12.
The met hod of 18} ai rhh¢ mepitvdrefichain Hevistein said drfte g diubtipil6 sak led@toaatEwhdtein
interl eaved data stream -13

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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