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STORAGE SYSTEM W TH NON VOLATI LE MEMORY FOR STORI NG
DATA BACKGROUND OF THE | NVENTION Field of the
Invention This invention relates in general to the
storage of data and in particular to the storage 5 of
data in renovabl e nedia data storage units.

wo 2000855%1 ption of the Related Art Data consgeoregi a are
used for the storage of data. Exanples of data storage
Megdh@ace B641eH QTN kEg Kadr@ SLeChEmort FoddaRRdvs bamage nedi a
such a magno resistive random access nmenory (MRAM,

dynamc random access nenory (DRAM, static random
118 HOINVENTIAY . 10 fl ash nenory, electrically

erasabl e programmuabl e read only nenory ( EEPROV,

Field of IS TE5.8 | e programable read only nenory (EPROM, read
———%A?—V—ﬁ@:m‘e ry (ROV, random access nmenory (RAM), and

cprogranmabl e read only Lol TEIDI ) mﬁn‘mﬂ» icl non

This {VEGIR TS ILEPEE; f HACEE° Redh® s UdEX ﬂmﬁgﬁ‘fﬂ%based

ofdatamﬁ&@JaﬁE%eHﬁ@htﬁstSM@d\nﬂS magnetic hard disks, tape, and
| oppy di sks; optical based systens such as conpact
. dISk CD) and di gital video disk 15 (DVD); and
Descripti nmedi a. The non | C based nenory types set
forth above are_ nechanical in nature in that fqp
Datagigrsge media e B3ed Fr dhsistomge phdatao Sixgraples of dyip sPrey™eiyyi sk,
At fanddi GcclR nRnRGC €SS
include mt%?"}{é%mﬁ?a%lémg%%g@%r?glg:.sﬁadhlq;ﬁ%g%/&p?%gl ly signifi cant I%p
(MRAM), ﬂmmerrartdhmmcqemnemwm preficfrandomaRces OB s i %/a

ver .. the =18 f Qhsabien 1 C
ftash mem% fregially ety ppsr J ya@%%n&ﬁ cant @(%ng@tn han that of
programmdbe rbzﬁismtj/ mdrﬂEPRONbrrdad‘rglmem(HC@&b seodein agees| a are

typically utilized for the * The
memory ma%@e%@ B W‘?ﬁbkﬁ OP%ﬁ%enﬁ’H ?F{Biﬁgﬁ;‘%ﬁ %%fgas eg A& a
circnit basddaikdia@RUNGER niafiR:(iO PAEDIrBG meeiafsich 28 nzgnetit hard digks, Eape,
the nedia. Wiat is sste

and ﬂOPPYIlé;f’iSﬁ' ol hgisd SHE ARGy C%?Hﬂmi%@ﬁ)%ﬁ e

(DVD); anﬂﬁlqzrxféto—c%ﬁc Frkkdih. PBieiBh BC Wisdd méRGP8Bés sbiTortieiBavadie € nedi a
orage units, data that used for accessi n? data from
1

mechamcalan natwe imibridheyseuise § Behgnial QParafiop (e. Fri%HngG 810Ky PRYRE
atape)tore%gfe% fi the renovable nedia data storage system
nee the femovable nedia is rempoved. Consequent ly,

such i nformati on nmust be reaccessed when th
The datapoessy timedapiChaped medjaistypiealy significantly faster than the

access time for non IC based media. However, the cost per bit of data storage for non IC

media is typically significantly Jess than that of IC based media. Accordingly, non IC based

media are typically utilized for the “mass storage” of data.

The access time limitations utilizing non IC based media can reduce the operating
efficiency of a system utilizing the media. What is needed is 2 system to improve the

operating efficiency of non IC based media.

Furthermore with respect to removable media storage units, data that used for
accessing data from a removable media is typically not non-volatilely stored in the removable
media data storage system once the removable media is removed. Consequently, such

information must be reaccessed when the removable media is reinserted.
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1 BRI EF DESCRI PTI ON OF THE DRAW NGS The present
i nvention may be better understood, and its nunerous
obj ects, features, and advantages nmade apparent to
those skilled in the art by referencing the
acconpanying drawings. 5 Figure 1 is a block diagram
wo 200460288 enbodi ment of a data storage syst@aynsamsontbing to
the present invention. Figure 2 is a synbolic
QL ese Q O~ prior art inplenentation of a
195 8! PN OF TREDY 3 di agr am showi ng one
enbodi ment. of a data storage stem_ 10, perf.orm.ng a
Thegregenh Hvedion HRYb ftﬁé’“‘%eé“?‘%ea“gyt% QRO §G gﬁ ’ifec?E}LESFi gur e
and advarffageSmaelabi¥éntio ABEAKI1RE intRearEsyheficn®RY thodccemphayiag
storage systeminplenmenting a cache for storing user
drawings.data from an i nformation device. Figure 5 is a
synbol i ¢ di agram showi ng one enbodi ment of a system
Fi%d?é 1 QRtHIdEk dstam St Abodigieht 0B ¥ @dta {608 systér® eicardagtor di ng
0 the present invention. 15 Figure 6 is a flow
the presendinaigntiam of one enbodi ment of optim zed sector
retrieval froma nedia according to the present
Fi %d?é/ £ bl sOboliE bk itation shoRingMFRSH drGmbRPERABALAL magierof
ne enbodi nent of a data storage system utilizing a
list. non-vol atile |1 C based nedia for storing user data
according to the present invention. 20 Figure 8 is a
Fi?ﬂ@?ﬂla'fﬁwr&‘gfaﬁﬁsﬁmiﬁé b enbditheflaf dai Qsagaysyust em,
npl ementing a non- volatile |IC based nedia to store
performing @ data eesess a¢oardgng pIESBHIVANEP . a r edundant array of
i nexpensi ve di sk (RAID) system according to the
Fi%f &8 R0l it 3 8ne dritdHRN D b a8 16REE dyfeh applesafihgt i on
a data storage systeminplenmenting a RAID. Figure
a cache fof goring ugertdalp fromapindermaw@ Wi ment of sector | ayout on
a hard disk surface 25 according to the present
Fi%d?é’?ﬁta'sﬁﬂbolig AR QR R20h3 eRb &t 3S200ah Gt bplidizedi gur e
| i's diagram of one enbodi nrent show ng the storage
sector retrigival fropid meddf aceprdipgie khegresei §WENtPRt 5 in a non-vol atil e
| C based nedia of a data storage system according to
FifE6 RTa§RG Magrabi bf 8 dnfbddiment of optimized scctor retrieval from a

media according to the present invention.

Figure 7 is a symbolic representation of one embodiment of a data storage system

utilizing a non-volatile IC based media for storing user data according to the present

invention.

Figure 8 is a symbolic representation of a data storage system implementing a non-
volatile IC based media to store user data in conjunction with a redundant array of

inexpensive disk (RAID) system according to the present invention.
Figure 9 is symbolic representation of a data storage system implementing a RAID.

Figure 10 is a top view of one embodiment of sector layout on a hard disk surface

according to the present invention.
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Figure 12 is a flow di agram of one enbodi nent of a
data wite access according to the 5 present
invention. Figure 13 is a flow di agram of anot her
enbodi nrent of a data wite access according to the
present invention Figure 14 is a flow di agram of one
wo 20@/beki nent of a data read access accormdiTng0bmo2uise
present invention. 10 Figure 15 is a bl ock diagram of

.an enbodi nent of . | ' f
rigge fdnfaest i RgrPal R EPLE SR A OTh Pt drhRIET
user data ih 9 ndn-Fd18ie T gedanadifof adatestiragti syserd adcondingtté the presegt
) ~operational data of a renovable nedia by a data
mvention.st or age system according to the present invention. The
use of the sane reference synbols in different
FightAMY i1 Sow BRBaATESneiedibdimen bf 4 daanwrita adcesscotdiertaiise 15
~noted. DETAILED DESCRI PTION The follow ng sets forth a
present ingf8ii%fl | ed description of a nmobde for carrying out the
i nvention. The description is intended to be
Figukd 135§ § b diagrah of fithervneboiiment ofiadats atel adcesoccdiding oaken
to be limting. 20 Figure I is a block diagramof a
the presentigyeqti®h or age system according to the present
invention. In the enbodi mrent shown, data storage
Figays14asm AdD diafieh welak embodiiert OF Dawserdadaectishaccdrdig sutbe
_circuitry for perform ng data accesses to nedia 112.
present INYOREQR- st or age system 110 is operably coupl ed via an
110 bus 128 to receive frominformation device 141,
FigdREl’s i62b18ck digran$ Qi e Bodifientrbfth ramdviaBleaiediatdeta pongé de t o
I nformation device 141, user data retrieved from 25

systemn accopdifigfo the presend BveniigP3 | s data used by information
devi ce 141. Exanples of user data may include
Figd Q164 Albve diRgrRg ofuh dnibbéimentdartualizisgogerdtion] dnabftai medi a
data files such as nusi ¢, video, and pic

removablejmgdisybyy@tdp@ SIOFREF BYSte TS WG BrT) H'é@ﬁlf’?rg{"%glg?i?fé'h“t s or

same referSRE SRAFRGE Hi¥tereAi thawinR WRKRS ideRR ARk ufleRlotheRasel Or
I nformati on device 141. In one exanple, information

noted. devi ce 3 WD 2004/ 021350 PCTI US20031024184 141 is a
personal conputer system and data storage system 110
is_a hard disk system (or sonetines referred to as a

DETAIL S ve) mounted in a conputer chassis (not

shown) of the conputer system In such an exanple,
Thifedlowing sqtssfogth p desaiterl descrpiah oF apotedorcapippttdie bus

. . . (1. JC N " E_ NE
invention. gl:hg ﬁ%gfqgi’oﬁ gs‘?lntéﬁnt%fi F%%tﬂ% %Pﬂ@fﬁcntgﬂ B h6uld £ be ( )

er
taken to be limiting.

Figure 1 is a block diagram of a data storage system according to the present
invention. In the embodiment shown, data storage systemn 110 includes a non IC based media
112 and circuitry for performing data accesses to media 112. Data storage system 110 is
operably coupled via an /O bus 128 to receive from information device 141, user data for
storing on media 112 and to provide to information device 141, user data retrieved from
media 112. User data is data used by information device 141. Examples of user data may
include executable program files, database files, multimedia data files such as music, video,
and pictures, information files such as word processing documents or spreadsheets, and

computer operator profiles for information device 141. In one example, information device

3
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5 System Interface (SCSI) standard. In other

enbodi nents information device 141 may be e.g. a hone
nmedi a server, a personal video recorder, a cable or
satellite set top boxes, a game console, an audio

j ukebox, a home security system an autonobile

wozmﬁhﬁ@&fonlcs a personal digital assi gtcanis20pid4984 a
pager, a cell phone, an audio pl ayer, a central hone

14lisa pgrﬁ%%orﬁé&%r s%%g'm Q]#Hjc}ataﬁg feB 10.84s SHARRER: sag)slte!?n @t her

orna n devi ce can
sometime$ twaade@ro as @ hatd ﬂi@k diyve) Imemiqzolhmmasnpum chasgpooisbovoy Of)fb'h er

N K A o
standard snaﬁds e XOR sianatd)Baitna H)ar(EI[oIE)st@nﬂm osSmﬁll Qonpiseer dat a.
In other enbodi nents, nedi a

tiple
Syt Ifocs (PSR BB, &R M Y DR GrTRGHOPY S B et
a home mEd4 éefv%} ?bﬁ&ml V@8 SecofIBY A EIbR-oP Pdtd1Kte §d: WpaBResiepshee, Of

any ot nmedia that is used 15 to store data, or a
console, ao @mm m&etbmgr@ hofne sdearity jysten, & aupasipbile gleciowigs. apgswal pat a

digital assann @B‘Fu) %)yp.saée?% %li ?hc!lngn],%ln Hl%ﬁ pl%ef: %Lﬁn‘ai ho%iéSt em 111.

a processor 116 for
communi@doishod, landaydigired camaear i ptber cabodimens, an wfcagetionyisyieanan 10.

w5 SSROR R AT R S B RE .,

vser data stéhdd in ik oRESHEterth 160.pr ovi des vi a HEAD CONTROL si gnal
Iine and anplifier 119, a head control 20 signal to

e actuat.or 131,.t r to the
i g et s bmzigeis 12 Rl GESHI! 4ol 600 add o
other emb5’d1ﬁ|61ﬁ§ $edia 11Dmay dcluger rﬁlﬂmﬂelsarcadxmt @mthemypas of memgmal Vi a
CONTROL |ine and a %% S pdle not or
such e.g. affnﬂqabffislﬁw&?w&rg?ﬁ%mﬁﬁ?’@ﬁ kfﬂ A any OF fhgﬁ\a i3 gy,

to store datd, SICRDHBnatich®f HeWpedidmedalisey idva VWRI TE signal |ine
and anplifier 120 to the read/wite head 113 for

witing the data to a specifi Pr r 116
Defisiactsp it 1 ety pprerer B, SRR ] s, e
a processoREf¥ ot doRol AREth@BRkALiBA 61 dath bBragCoRiemal10 SPiBtestr 106lis
includes a program nenory 124 for storinpg gmm r?WIcode

operably coppled tp Pscld8 Enrovidennd %@E‘M? eser qagp fl’Oﬁ'éllnFng?an
Pracessor Qﬁ@éré\ﬂ&eg DR HEATPEONTROB Kighd! lihdaddRGpRtidr 199, laheRARBRAST at €

ata storage system may i nclude other
signal to heasiapmptt 15 40 moyeracraad/wiyte haad 1Heipithecapripiatstshal mefidi gur e

112 for a data dﬁ‘ici's ’Pr:g;tc{lgrr 1 lk3ﬁf§§ ﬁrg? \fes qﬁ&t&‘ cohtfi ﬁgﬁdl SHMETER may be

contrgure he teac s herein.
CONTROE(DiﬂédtﬂZ\iiﬁ)Bﬂar P ioLdﬁﬁﬂie momszemn@mammlmcw §tl‘éiihal 1 1

consant st Mt oD 1panides By s SRR R st Pl darb e T B
read/write 1.2@1 1118 for WikipgTRe tad an;p?:ﬂﬁeﬂ l@achﬁs Eudxcsminrl: tG/ressineh data(sj
MRAM i s a non-volatjle, y.that stor ata
Fom he repgy e 13774 O REARWAR A7 FBHOTS) 181 S RLDRCBUST el i 1
includes ak;%ra%dr? 12 thediHk Srodthi dd8e BRPrEdsON 16 KdclresioMe
perform its operations. Those of skill in the art will appreciate that a data storage system may

include other conventional circuitry and devices not shown in Figure 1. Also, other types of

data storage systems may be configured to implement the teachings herein.
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5 data in the nenory may be programred by voltages no
greater than 5.5 volts. Mdst MRAM is programed by
vol tages of less than 2 volts. Accordingly, the
vol tages required for powering the electronic
conmponents of control systeml 1 | can be used to
wo 20R028k@m nmenory  126. I n one enbodi mentpcmenwmsy24isd4 and
126 are inplenmented in the sane integrated circuit.
I n ot her enbodi ment s I
Copfpiienian | Damiies Kool TR b BRferidpeRpero
processor ¢ 160 Gl bigRAbEdimedt Emaury 126 ingflentened ar and§ based osrioryesutho

th [ 124 d 2 i abl
s MRAMGR RY € e atira e QR B PG eg1ay SHih RS o er

memory, tﬁMﬂtMﬁl theNIRA NS 1R Eablei dbfingd Gpyralieh. SV idh etheMRABI | abl e
ocations in nmenory 126. In one enbodlnegékkﬁ&g ssor

data in theri@porpmayememsERdPy YolreeREGHAR TS -2 78!
is prograrﬁvr\ﬁxr%:ﬁ g?lﬁag%%é }%Qs than XNotS. uAEcbﬁﬂirEB?th v&l&g%s r for al ong

ectroni ¢ devices "(not shown) of contro
powering thy 8le@ronictomfdhents #f comte] eystem 4 carpbe USest 10 RERSHTIPGRON 12 i s

"non-vyol atil el yy,,st ' : : r list
5 mon PP PR I AL O SLE, ||
circuit. InStIRF afievdimeis amdmdties Brcind &2 aryimplanchied gsthe ssepiemsryc al

| ocation on nedia 112 .of the sector storl i rst
amay. T S5 SROGHTETER, B PRRons o 46 o7 Do g By bl 124
and memody [98Qhdy Ge 212618 AriHzakd PBrafién of INERSIRE sysichl. Iamtbtliche t op

surfacé of a hard disk surface iIIustr?%JE% an
embodimeai theasterlist maypecrired at ¥arablg RSNy HAPTSPE {4 e4°%n a hard

embodimeg;t,] ﬁﬁgersg&é?i] Erogﬁm%d?? M4, SHd en@df B262re ithpletdefted 6n St Or ed

Surface 212 in three bl ocks of user data
circuitry bbaxth GlobshoBmiitong withathar aectramie deyirsy(net shawpyof gontro! sl o
11 215, sector 216, and sector 217, respectively of hard
’ di sk surface 212. Sector block 206 shows the data
stored at sector 215, 25 sector block 208 shows the

A ohasten listt 187 énl heyd disle £1258 “prerolaplely” feed SYmepeRt k216 shows
master listt(tgg ! & B]Slyfleigﬁ gﬁ%&gﬁeaﬁ'ﬁﬁlfe Qbred 3n7stor%@%dﬁtelg§.81|3ach leReK

cl udes a header, ock of user
includes thibgphgsical locagidn et mediat 1296 Bie oectqr stogng he firsbplogk of dita H6
that fil i ncl udes bl ock DATA A), and a tail portion that
atile- i ncludes the physical location of the sector storing
t he next block of user data of the file. For exanple,
FiduRe? is aisymimlic sprsentatity ofakn@@slist aed thelen surfree pfipharddigk

..l ocation of Hg sector %% . 8%w%'4$ 1 SaPlipE DATA
surface illystratgng A XAl g‘l‘ﬁ Ef)ta BETT @ﬂl% ] (gg 1%1451 l%%cg retr |ﬁlev e a
embodiment $fFigukOr, @ fleQNsictedbn Ioand disicmrfa:212 o thiat blosksof agedata

rocessor (e.d. 11?? first a sses ster &J 205
labeled DATA é‘ePA'tTﬁ‘é' ﬁwglg{\’gé , FtBrfgf‘ti sg(ﬁorgﬁg,tsF]c Or Szg@tagt? S 5%371’ ori ng
respectivefy ¥8 hirt iRk supfa@CH 2 0Bectds SRk 26w show LI dat#tored fiBeqpsrALES S OF

then accesses the data at sector 215 }o obtai n the
sector blogks2B shows the data stored at sector 216, and sector block 210 shows the data
stored at sector 217. Each sector block (206, 207, and 208) includes a header, a block of user
data stored at that sector (e.g. sector block 206 includes block DATA A), and a tail portion
that includes the physical location of the sector storing the next block of user data of the file.

For example, the tail of sector block 206 includes the physical location of the sector 216

which stores block DATA B.
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data at that |ocation and the physical |ocation of
sector 216 (at which the next block of user 5 data
(DATA B) is stored). The physical |ocation of sector
217 is located in the tail section of sector block
208, which is stored at sector 216. An end of file
wo 206da9h} marker is located in the tail speckinmofuasector
bl ock 210, which is stored at sector 217. The EOCF
mar ker j ndi cat es that ct.or bl ock c t he
Targpegdie FOH Or ek P4 Ay ppaS et b 18088 ' 12,
accesses nihstSKist YO 16 8% thel PRSI JABIBEAbn bfi tBd sebtSr 26 Glodinlg the fisst Idedktobr
or nore) of the 10 hard djisk. In ggger t.o access a

user data (AT, A). e piogrstas §6P agspsses et aiiegier 2lpde BRPALESTes the
data at thap'ﬁgatu?ﬁ ahd fid pHySicd rb%atfbﬁ%ﬂse%xsi(lﬁt(ﬂ vhithahdhekitBodk @€akt on of

I rst setor lock of file data. When a new file
data (DATI2SBYs stoted)n Thoph)hlealmt@ndaf &etor awn@m?q ipghejtadl U308 d i n
MRS e Reagity glecal
sector blo‘ftkg@g Wi i f‘mrf:%gt S%%%t% é‘? }éﬂtngﬁ c?ﬁle (?156%? {lﬁrql??r 1%)I ook of dat a
tai! sectiorDéf sEdik& bldck 210, Rakeisrsiong) abskctor 216 FhyBGOE markehipdigaiesdhat

ster ge system 110 is 15
5""“0‘blo@‘t%?é‘lﬁl‘ﬁdﬁt%aﬁt@rﬂ%‘g‘%‘rﬁﬁ&vg “atile menory: the access
time to the master list is significantly reduced in
In édnaéntibeadl Hard disk sydtkds, nlecohsolist Betoaside ¢ sestdr {ay meeg ebhe

master |i st 7. Accordi the or a
i TRSUE i o1 e BSOS LE Y oG BRESFR A B, 2,
list on the @A disk todbtainliBe localiodl bf thofisl destor ek abifile damsWhen d nst 127
is non-volatilely store f{jﬂ’ Zﬁl t he master
file is writfen & the hard digl. 3 #aY PR 1§ GFeatqep g’ﬁtmaét@éh“‘t CPRE “@Went of an
includes tlﬁﬁﬁ%&%ﬂ%’angﬁmﬁe LW storn iHelRd BREICf daARf theffike. 20 f or

Ing a newfile to a disk is reduced in that the

master |ist does not hav £ retri eved {rom har d
Refypas P10 BigBreCBRATF PERETABRT {45 HAPE Sk 35 vt

stored in aI'n kﬁ?bﬁm fioh-voRkile@ndARYY; tHelabbess! tined thie inlagkey list K Righifibdryly i N
ard di sk systenms, the master list is stored. o ygl?
o1 t he

rduce ngla s G 13 P beiscarosad 13 herss st st i AGey
access nmpfor d ll 3K bpfég&ggﬁ: {6 QF 1 44P8rie Goss 5{.’3&9 td IR &L d1ne data

orage syst econes unusable. Wth sonme non |IC
Addmonalﬂz,abwdumcﬂ liss127ds rgan-\nhmlglydtosfrd in remerys 20 Shegpastes i is
S pififRfndrd) Qe C
a“tomat'c"’g{ggg N V m %%Véé‘wﬁ&m% lﬁ) t gﬁ&%\;\gx g?eat er than t hat
for writingf a0fewdilé @ a&ﬁskﬁadducm lln(fhdoﬂns edstndnbdqeemotimn@ho btsre@leged an

fromhardml\q_%ag@%& C%éq e@{ﬂ,%u ortgglgeﬁgéfg{g%r“ﬁ%gel i abl e

reliable. Additi onal ly, in some enbodi ments, a back up
In @fditioh aypiesdiy @rhakd ditk symgms, the mesterlstiis stored oh asebtadpbke as

had cisk e ORLAREF PTG T0RD R FOIDgl B | TSt

storage sydiEhY bBméd A dleaWiRR¥mb AT based aiembeésde. gj taid diskBystdhhss 0
wi th these enbodi nents, processor, 116 conpare the

or tape driygesyReRpsInthe ehapcep picdata gtared ip pen 16y hased mepnory téﬁc T8¢ errors.
corrupted 75 g&g{meth%\ thi f@r cfalaQWréa' 1{711]5 93ddhenttities @Rk et srenMrafMa data

cess accordi ng to
memory. Consequently, using these more rehable memories may make the data storage
system more reliable. Additionally, in some embodiments, a back up of the master list may

be stored on a hard disk as well. With some of these embodiments, the back up of the master
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present invention. The flow chart of Figure 3 is
perfornmed by processor 116 executing code 5 stored in
program menory 124. in 302, processor 116 receives an
access request frominformation device 141. |In 304,
processor 116 determ nes whether the access is a read
WO 2080BERSS Or a wite access. |If the accesgrisodoisead
access, processor 116 in 307 accesses master |ist 127

in nmenory. 126 to e locati t.h ctor
list may bg gtged ﬁtg"“% E’F%OBPH ‘flfﬁ‘é g'?le[{l?re &Ry I%hlt e QTbOd"%fE ﬁrﬁ'«%e(s)s?gs sor
116 may clailnga& fHebh @Y S TadtétGist Wilhehd sripinal Iefosecdrar s of hard di sk
If the access is 10 deternrned to be a wite

access in 304, process erforns th te access
Figuss 500 AN ioer A oo R mER 1 s 157 err o otk e

present m%ﬁffﬂ) | "fhe @IBW %h%f?“]g%re ﬁ@ﬁé’ﬁoﬁﬂédr By pedceddBiSItL 6 exdcitiiig cadkb
i ncludes the physical location on hard disk surface

stored in [Raganyrempry 1£4.r 13035 @rvcessor dA0 FREFTRS ATt 83668 (RIFSEESD 12
mfonnah(ﬁxhcfg &Qﬂllahpim&gsofjﬁ%%e@ﬁmnés Qﬁretfnéll the @5&9%'21%3&‘3066@ h
in some enbodi nents of
or a write pecesse Hithe avsessis i asad acBss i fhesessarsk16rin BG7rccensny mr%rafrhatdl@
r.d d/ erentry.
in memoq:g}ieg ngﬁl&r‘: g.vcalﬂlon% tél?? g{n sIetl:t?P&}_.n g%tg ofél% reﬁgé%%(ri] fxlreg %120 for
310, procédé M14 retrievds thetfikefror gie ecrctdrs ofthandrthskudikslf tha@cdessdat i on of

coermmeg b e Sre b D6 iafe ol BRaPy BR b Moble See
updates m@AR %G PR Rf 308, processor 116 may be configured to store
ot her types of system data in nennry 126. For

i s elenisal T P Sty e i 29ty R Mtion,

on hard diSIE&HMeD 19 6f S Hisfsedtdrlof hhrid Sisk surfied ]JZfs;dnnga tiefleat tdiaa ef
sectors and substitute sectors for the defective

the il asgieled Pah a1 Howe el i gme ETBRATRR o NHRITEY TVETREm | ot
the maste:qist lﬁ%ﬂ}{clu&ro‘ﬂ{eﬁgﬁt%dﬁ?ﬁdﬂfoﬁal ARE R cadhF@er®y). R@Gkanpld 2.

al so be configured to store read/wite

referring tg ﬁannél. the amam%ﬂ ar gach Gilkerin the reastgr lishinglydesdhedocstion d&psho
sector sm.%‘"’b'ﬁ{%k GF &at (flnat AR, 8ecOhe iRLAA of FRBRARLR. Merory 126
ore o er types of system data depending upon

the nmedia type 25 of nedia 112 and on how data is
In gthenresbodipents pragessard 16 manbd Gogligckte st other typesof system

* datain meﬂ)%& ! g elxgrn%lé (hedRBER36 TR Oh% lﬁﬁ AhESing dekedtRe SdcREATE

eém processor to ‘nore quickly accéss the system
of media ldatlars of neilatiy sertedt oo imedia f hd lioy islert| fying defessize ertams apd  user

substitute iefg)rsl,ltgith%iie %gsg%t saectcs)ltsgée?e%? vassga(t_)r s%stlmpﬁs\/s laﬂ& llit %f 55390 ry

use O store user data received from
protected debfoBSraf@bi dath cendding 12 Memdd 126i rzdynalyo ive pawfigurg®® stoge st or e

STV TR e
constants, W@%M sBﬁTdtﬂéS?@& Oy ekiSthta depe@iding ugon the Iﬁecﬁd ope

di agram of "a met ho handi ng data .accesses where a

of media 143 IHI‘(I @T\“‘)&fda‘aﬂ%ﬁ@@mmml 142. §tp|pt?gzsgﬁe1{1 gtz Jeenyeliiegat a.
IC based thdindr] EnaB1BPLEH I Bdthge A stelil SHHEeSsoftto rRor! §REKIFRERS the sftem

data, thereby reducing the overall access time of user data by the data storage system.

Non-volatile memory 126 may also be used to store user data received from
information device 141. Utilizing memory 126 to store user data may improve the

performance, speed, and/or efficiency of the data storage system.
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received frominformation device 141 is stored in
menory 126. Thus, if there is a later request for the
file, the file stored in nmenory 126 can be provided to
information device 141 5 in less tinme than if nedia
112 was accessed to obtain the data. Referring to

wo 2060845 4, processor 116 receives an acKRAAS200SMIBSt
frominformation device 141. If in 414, the access

.request, i s.deter.m ned . [ ssor
e S Rk ORI
memory 108 {¥RitiNzed 2fcatie UG dath Ul the trhigxdinenodfdignor 4, 2 18r dae filkkes i n

_ 434 the received data .to neno 6. . in 430 nmenory
received FpgEniogTaNeE BriHeTIg Soorgen TR e TRl P sdi8: Ccossor
request forth® iR XBE 1k 8red i ASHEy TEAR b goBl@As infdiatlion davicd Bila

file currently stored in nenory 126 to nedia 112 in

in less time tie ff mediatd % wag aseassed o oRVGIADE for the recei ved
data. In 434, the data received frominformation

RGN GE Fikflrd 41 froddsdot | @ledeRed MNBIEYS r&c?x@st flofh iffofmatiexanpl e,
t he “cachie clearing al gorithminvol ves rerqur%g he

device 14 2l Inj4d4 tthagcresy AVl SelarminABRGE § WIeASCESH PIRESHEd a 112,

checks to s 1%3&0?%%%13% SRt mdndEy 28Rt flISREd RBcedof Pl t hm
I'nclude removing the data that was |east recently

writes in 434 ¢ recéinet daerto omuhey 126.0% i 439 mamgoyr126 fsrdetsanined e t o

I ve a fi or. fil . ' ata to
.t SR R LR Al S VPR e 2 |
stored in rhdhiiry 12636 @edial pIin bhier b emkdvioomy & thenay h26 fot herecgwche

clearing algarith may .be inplenented. |f.jn,414,
coa. 1n 44 e e e ap PRI 6ot 13RI TIER trory I e
example, RE QLRSI ingldforRiie fiv6lvésteridvinglitx caidstweitten Hatd inanemory
requested data is cached in nmenpry 12@.,|f%%he
126 to theymegiad 3 da appiics RO BRRA e PR EIRBING A1EPDIE™ IPHUKS t he

removing IhE QML BhEFhs FBkiGedeRily BEd | ARNWEBE: caéiR MBI orithdbwhild 638 and
rovided to inforrmation device 141. 1f the requested

remove a iglg oulilpsof ithstsame sizapsithe datafobarachod Bhosgefiskillip hegrt it 416,
i | YRS ofhl&adiE Ol fahR nfay g medi a
appmmte&}%g .bg{eér?} ﬁ%ﬁ'gﬁ%{cg{g%% [ rrgnt , apr oc:g?sgg‘l?golm Wg gl d
implemenglét erm ne that a file stored in nedia 112 25 has been
frequently accessed within a predetermned tine and
; j el [oFbeta Qe BERY: Y prdSior THiHSeckt her1b oTe
Hlﬁgg%glg%dg&g? %‘?/%@Jﬁ{l hogote ?ﬁﬂg t c?y?rnf opfrat i oﬁc‘ devi ce 141
see if the reqadtel] doe is gaclecaltin ementd e df thByeqeested datg isfownd inj@emoyn an
C basge nmor f et h Q0 t he access
126, then &l"? FF%“‘?‘SQ%‘?%‘& ir%éev??]g mg’lac?' g}ytal 85 g’nh?% % }rgrgi?% device is
informatiog Ideadel 1y 1.r B di¢aapestdd datalienonfoned inlmyen®y 126iab daermined in
non-vol ati | nenvr¥ f&é cac&ig the data, the data
416, the ProgesoE i ey HRGASAYFSES AR1, e MEda P00 2004/ 021350
PCT/ US2003/ 024184 saved even in the event of a power
In hrid85: enfBodisent, protdssur @16 woukd deepyine thaga filk kweres iromedia 112
has been fgggelngy z%:%é%sed within a predetermined time and would write that file to

memory 126. Thus, the time needed to provide that file to information device 141 would be

greatly reduced.

By caching user data in an IC based memory of the data storage system, the access
time to provide that data to an information device is greatly reduced. Furthermore, by

utilizing a non-volatile memory for caching the data, the data stored in memory 126 will be
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and in nmenory 126, the copy of the file in nenory 126
woul d be the nore recent copy, thereby elimnating
the need to deternine which of the copies is the nore
recent copy. Furthernore, utilizing nmenory 126 as a
cache for data wites enables data storage 5 system
wo 200483400 execute a succeedi ng data accesxTioszes/@iiser a
data wite. Wth sone conventional data storage
S e t dat a
save eve 340y oy BRlcProf RO YN TP kot A, )
and in mefiefya 26)thetcopy of therfild inementory 120 evonld e thenivesreetniasdy-a (e. g.
har d i sk).. wever,. | f orti 126 is
wercy eifgnating B e oo e B Bk s I e BEAR Ry 20
storage system 110 can execute a second data access
Futtheimele Altkivg méhery 1261@ acathe fomdata erifes enahles dalstorhge dat a

”of t he* first dat a wite rL‘,sﬂ 1|;ﬁrlr(msqji at(geLay ivt,tﬂggm;eo t he
sysiem 11§ {6 BETEF SHEFOTE 18 6BAREUEE b ot 'g?l‘ﬁ"lgpu s

conventiof? Bary Qbrddel sy RerfiEA B storh RS ystehedan Gl process al deta aeuessi after an
~menory 126 even if power i ﬁ re ged fr%g] daila st orage
data writegpgh thrdlata of thapdatoWRip figysften fof %Qﬂ’ilgg e meta ffrs " here i s
disk). HOQ?IGH ‘iﬁ?&ﬁ%n bPm¥thdr} B26920Riz8d RraQlfrrTor BaMIYwilid Ghd dta
storage system 110, and thus, the data can be witten
storage sy$tem jrifttizmexetite alsecondglatgapdessdmmediatply aties dhcatata vife in that
| 0f QL IRL IO Gk Effaret b dhdTB e t hE
o s o G 1 BB el LI neBO B s 10
memory 106 is d abmvdlatilepemary, dhonser datasonidnénmimiatnemeryBpiceen i 41
. Wherein processor 11 I f. 1 to
poveris R FEh BRI A SR BN P P Al s

one
no urgency@GATteldaRHated it RRmPOVIRS tocstungae mpstbm 139, nkd ¢husaheidathi ek

~ system 110 may .be reduced ,in that. the. r required
be writtenfi¢yedia b‘&rdg'fmﬂl%fl? ofpon at‘f'iﬂsstl?ydl‘g@”?qt"f”égev}‘(ggwﬁe | ess than
the power required for multiple single wites for each
In 6herteBodi@éhts, the data stbragosyeted ooklicahe tn me¢npory A2 emeber a

wite buffering, syste et forth abo i n th flow
of data filgs Fegpivedfrontinfprpaion ,de‘ﬁce?ﬁih‘@e@me%{?‘ief’fﬁr iellll%g“(’)olr“ ?d?qwerr%)%sa used
write burst 18 witghd\Pted 1@ i@ dRR1 13 G uhertind. Accatibplyahd pader tdneursedi S

al ways adequat e bufferglséﬂgce avai l.ahle in menpry 126

by the hard disk systera L 10 Y begeducerip that the poygr g oG aPUBLVEE® ned t o
i i ieSolBr dured R BRRSRAMaIb WaitWatH edch of the
mumpleﬁ?@mn’r‘%é?g{egly tze 0Writéetértehe da?? togrrem)ry 126. If the
files. met hod of Figure 4 is inplenented in a data storage
system that includes renpvable nedia (see e.g. 1512
In %{e eﬁb&ﬂﬁx@gt,]té }mplérh@lt g3tiR bafr@ing dysttn SEIRRA Mbolb &fto the ee
[ 5 woul d writt

gure 1 tten to nedia 1512 in response to
flow chartaf Figere d st caths cleatinpaézorithen ayepdan 437 wiplDsepiopiedsy
L, | Al Hie dat a
ensure thaﬁg%y? #é\@a&?éd%u%&ﬁéﬁ%{)% 5{’@%’% glsngéggﬁep%g gra read * access
Thus, if af @cpyeis tetémmmed iatfear datwrdsnindd4ipeesestarll 1 frvpuldimegediately

write the Aot 0 Sashy ! 2, TEMOry 126 to decrease

If the method of Figure 4 is implemented in a data storage system that includes
removable media (see e.g. 1512 of Figure 15), the data stored in memory 1526 (see Figure 15)

would written to media 1512 in response to a request to remove the media.
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the tinme needed for the read access. Referring to
Figure 5, a file 519 of user data may be stored in a
plurality of sectors (e.g. 531) of a hard disk surface
501. In the exanple of Figure 55, file 519 includes 6
bl ocks of data (521, 522, 523, 524, 525, and 526),

wo 2000okBseeach bl ock being stored in a di fdcansmbs/eest or of
di sk surface 501. For exanple, bl ock 521 is stored in

REFEISR IS s B1AS 1Rt fE ARyt R Ro SRh

access requ&0froM ﬁﬁ&ﬁiﬂﬁén\/@wcéﬁﬂhﬂyslsoﬁe uffeied kn mmldraw tp deprHasd Ng a

read/ wite head o1 0 stemto
the time nyeleqion e a6 RocastaRs o R OB LR A DAL P PE BRI |
stored in 4 rﬁmwﬁsea&@ I(érjg;‘tgﬁ ) lof;églﬁkar@(;c%iﬁgﬂg{'fgc sef:cmne ciéaﬂaple whgarb

5, file smnmaxee@blmkspf data(SB5 522 $23a 53 330- agﬁ P%@egth %&b'%&e’%r
|k 59f is Qiaked i5230r 53
stored in g c@%%%“ 5é CI&)E oﬁx%&sﬁﬁqg& ?@1 S’QE%QPIQBH%S vvhllsc h stI or esr t he
of disk suifdte 5@1.bl ock of data 523) is Iocated in track 551.
Cbnventionally, to retrieve the data for this file, a
4§ 8n ERVRuiw
B e ar p
sectors of 8 disk aurfabtquitinpareadinrie head ferga £3) 8 datatarage systopEiOt he

th
mov s 558D FLRIGH b I8P g et o
(which stofds @eMfirfi BibcBbfaaad?2] of fie51901s 1ar36d n@:anls B%und i disk surfapre

. scof o b ST S EhrB BR o TP .

533 (which ShME B tHird BEE oftidfal DY) idlobfdlidn Ak G5 SCaRertiohalyj toent s of
the present invention inplenent out of order dg%

retrieve thp gt 1 T o B (Bt A5 OIS b6 ogPIned (imovs 4 Gl

retrieve th@ﬂigpﬁb{ﬁ%aﬁ §¢oredﬂ¢s@ct&83$1 RenmfivE tRYARR 55 1No AuRB the SEpdRDT | al
and buffered in nenory 126 before being

data blockpiﬂb storgd ih seori S32.andrien Bavechak ©dragksob2 tREtieyy tilﬁ@lrfi gata

g
bock 523 o et 433, CORBRCAIBE IoFROb e SRR crpioRlnfohol 2.
may be lergéyidoe to(tie rgovema pf ofeadliead (espu t FAbawsd racksguring aoeads a
bl ock of data of the file 25 associated with the file
entry. For exanple, master list entry 520 includes the
| ocations Li, L2, L3, L4, L5, and L6 of sectors 531,
Enﬁwacﬂmeﬁt?»aﬁ th&Bdsent5BEnticainipEBet opteds prlet daiaapads to aptimizgdi ng
ns for, each s I f in a
asa ey e eyt poeeios G v of i En YRRl | P %
and bufferé&d it ViR netbem\bemg ﬁioa:dedmomfmrancsedy;ueliaIReﬁmdeno

Figue 5, if g OO e D G P Bl OLPOUS oA L R Bl 6 6 i s

location offaéHl @Woike 3932 ofAlsk @ﬂﬁac@ﬂhQH’dt §fe#t a Blbcleof et bDte filer
handl i ng a data access a data storage Séﬁgiﬁ1that

associatedjwifh|therfneniryo fier estmge, d@ﬁtefdbﬁ eptry @24 inglyds theylerapens wnen
1.2, L3, LAPL. O GRPESSF sectors 531, 532, 533, 534, 535, and 536, respectively. Including

locations for each sector storing data of a file in a file entry of a master list may

access.

advantageously allow a system retrieve data in a non sequential order. Thus, reducing the

time needed to retrieve a data file.
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116 receives a data access request for a file from
i nformati on device 141 and determ nes that the
requested access is a read in 605, processor 116
accesses the entry of master list 127 5 associ ated
with the requested file to retrieve the |ocations of
wo nidagssectors storing data for that filmrius20802418k n
this enbodi nent, each entry in master list 127 is
O ent r Q .of i ns
i Rt DA b G K L NS 1S
by a data m@mymmamphmemout efvirdey dath retrGOS, Irp@chveMcproc&sl@'

sorts the | ocatj 1, L sector e.g.
116 receiv53 datasagsss feguesyigr ’filﬁérm%rfgﬂ%ﬁ%%%mi‘f R bl
the requesté@labdc@Mi Sad RB0S PrRessdt 11HABE QAW eRlr of MAYRr BB f Or
determning a opt|rml rout e are dependent upagn the

associatedyythrthg xwﬁsteeﬁ filg tqrgtigvedholoeaiensyy §1°é?ﬁ“?fh3‘?’€tgrdf"é\9‘?frﬁ’&‘ dat a.
file in 607':9{ thﬁ%ﬂ}ﬁp&lﬁmt%&ﬁkn&? Hﬁnééem{é? 7 9 E‘iﬂ'hlah@ eftnyH28 bf Siyst ens,
it takes nore ti o nove from track to track than
5 in that itcontaipy/tbe focatidhn bf everysectarsloting dats of the file aseqciatsd i@l ngl y,
ent one schene would be to retrieve all blocks of a file
Y- stored in sectors of one track before proceeding to
the next 15 track. Wth other conventional hard disk
In é@ss processor 1 Hisotts e lasatiods teq. koLl & theeseaire fe-& 68 8123 tof  a
deterrmnc ta:rn g%ctkmz# roggrfgrartet?lév\}litn ﬁpda%zp i tll?w%nt&g il‘ﬁca%feL fo trget?nﬁr\ﬁ;\lg : (rje
a optimal fv@te d&tdepdiﬂim dp(ﬁ(!hm:lpehalitgil of a dém slbﬂagr sy$tero froetricying data.

m ni n rout e t he .position
For examly,vith o GRHEPpTA, b TEnG BRSO S T 0% TBREL e
track to trdck Ghah BABove @SIdFEkntisectdrER Qi . AcdRitinpIgS onk schiemeé wblild BO
determ ni ng an goptimal route js the oaﬁeratt'bon of a
&

to retricve 3H plpcksioh p ffsestosssldh erviors of prefFck BHOTE REposeHie 19 gLt ed

track. Wn‘ﬂ%ﬁﬁr dofvedRonaliAd &8 dyQRbmd BMiieR nb&d 18 rotkdBotweeh Becti€of a
nbodi ment, the objective of an optim zation_ schene

track is ma@r then thie imertrieavelie a reqpiz track frem [ BIeyio8y efkn 4n PRI s t ed

3t Berk iR acdoR tion device fromthe tinme that the
murewou@ ctWaé rgc Sesr{g d by the information device In the

enbodi nment of Figure 5 if read/wite head 113 is
Anpiherfecier imveierpinggas opiTRa squte maydncluds theositie fthége syst em

read/write g@aldl{g%fl'ﬂ Sh 2 hald disk e (1€ reQ@l:egue@ﬂ's I’e@:ﬁ@éﬁ AdbthéFador if Ne

ectors 532, 534 and then retri eve
determininglae optniah rowte i$ thaokersiéﬂ of ¢ datn stfwiaes swcns:e dransfegrig3he 536,

nd 533 i cyl.ar. a d
R S R B R e
optimizatisresakbnwris foanibigazt thidremnl b ia prmginxtghequtstabda;a tba one

woul d be

] . exanple, an. opti sector retri
information AEVe fm (B OB PR pe g Mgutrieciby e Taral b tegn | I 0%
11 WD 20041021350 PCT/ US2003/ 024154 Ref erring back to
In thé gubiodintent sifRigate 3 ifdeidérie nad il s ticatedoroqutaurairack, the

retrieval route in 9, r.ocessor
catastorsge SRS SRS GRteans FASRERR Fe SOhe B retie Pout o
534, and 588)dnduéd RiSvd € dfRbPrAc 552 (the data on sectors 531, 536, and 533).

The particular order of data retrieved within a track would depend upon the location of the

read/write head when entering the track. In one example, an optimal sector retrieval route

would be an order of sectors 532, 534, 535, 531, 536, and 533.
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menory 126 in 615. For the retrieval route set forth
above, processor 116 first retrieves data block 522
in sector 532 and wites data bl ock 522 into nenory
126 (see Figure 5). In 615, 5 processor 116 determ nes
whet her the data in nenory 126 includes the data bl ock
wozob:f){ﬂissbs next to be transferred to infprmee0024d8Vi ce
141. Because, at this tineg, rrem)ry 126 only includes

t he second._ dat | ock 522 an C t.qngat a
RefrraEsbaEi D et oo B SRRt af PRI A bld Beod
processorq%/ inQi@l fefrleve SIROGRSH B filsl Sec@OEhdrdatl adidbufiiiik tlteaiallae!’( ri eve

| ock 524) from_ the next tor int

he dat a é\ké 51
memory 1261 5 (6 DR GRNSYSAPUR A O b0V BrREReEs il B GG DS i ¢ o
block 522§ﬁ‘§e%togk%d Bfes ith BlodOs 20 B PRYnd4 626 BeTagres). thesf i r st

 ock 521 has not been retrieved, processor 116
processorrl @4 datenmines whe@iet the dath In temonek26jinoludes the erablepk thaf jsggyt

to be trangg{ggdg(éxg%nnanon &1& 1. t ngguse %"Fh% é}é{ Oﬁgrﬁoéaéﬁ o&ﬁﬁelu&gdf

are drered in menor Accofdi ngl'y, 615,
the secondIACKSGRGL2 aﬁkﬂaecbmeahmﬁmnmatblmk 52 Trhas notdsen tdlatfa'fddlt‘bc k

intormargrgesbe M, Rometnt [ oot ohb AP ol ' <

the next s&cﬁ@r\sﬁ@foﬁ@c@set@r 53413 mm|pmaeedemume tolwidte diRa blogks¥drintd 16

t hen goes back %gz q]]éS \A,Sere It geter m{}ﬁﬁ E‘%hat t he
memory lﬁéxﬁecé‘&f’ éh%ﬁréthi‘tatb@c L has, Bt Perm B E R A A BP is
to 611 unl?i’(tﬁc EEERE blobk 5 TRV sedig53aN At his Gidlefdatilatks ST s22p52ack 522

Is transferred in 627. Because, at this ti he

and 525 ar@@mddrammbwdéﬁ Acsordinelyr ia 0 @rocesser; 146 determings fhatdls y
next data ﬂil%gct (5%)[& xil%lg% ARERRAUicd 191 @]lgcalea if @éhdrp 85, t he

rom sector 536 and wites bl ock
In 627, defedfiock 32 bis mmﬁ:nyd tolipfernpation deyice ek dﬁ@@ssphl 1610 gerstback

bloc 523 i.S not in
oot vl e RN G bR AREL St = Tt |
buffered ih Bfeﬁlb@\leé nldactordizdy, idute bloslei22 dy tras&Brred iB6L A Bseaukd. ack 523

e, 35 BB PR30y 4 R 60 Bl

to 611 to {eﬁlﬁé thé Rt D81k 38 from Setior 53614hd W fes dicek AlGiotoinEmveNOr Yy
processor 116 continu through 615 and

126 n 613 Becaheingii EHEIEE A (meﬂﬁ“gﬁ’sléi?é’eé‘f’%f TN red to

memory 1 V\ﬁ RcORE 198 tHAE Ybes Back4d611M0 RUROEBIST23 BlofiREctorAB3.615,
n no nore data is left 25 to be transferred,

Because bincls 62kis opw Iraenese 626, progswr 1 ibsndrangfers BlgeSA? of the
mfonnam91I &39 51410 beéaﬁ& thd Je@mhﬂg BlociR88A 568 taﬁd £68b aldoh® memory

ration en n ot her enmbodi ments, a dafa
126, procsi;cmﬂ hi}@nmym Eﬂmapﬁ@rroughlﬂlﬁ ansl 637 wbereinyhscremaning locksRreor der

mnsfem%yn%rgnas?rb evgm dmnEcces qg’ Ordrl::r ﬁ@u’?éneno 195 8&?‘% Pt 116

£O et rleve rst data bl ock of
to be trandferfell] pPocessr 116 %&esam Al tvhkdre, bedfafiserall af the blockstier th fde kaye
located in seg 3 on the 30 sane track as the sector
been retrieyed, thepgerpiinn ends 1862351 5 bl ock. The processor woul d t hen
go to the track having the sector storing the next

In G&Eﬁarrbb&ﬁiéntt Q d@ﬁ sto['@a siiseimmeg u(lmeomiedqﬂestoﬁ att of pyeler dat a
ock was _not at ed in

]k rack of t her 31? Al
optimal reénea?l megofh e oF F’iﬂgtv PPBERIT WO PIOSHEMEH S BEFYET® al |
first data Blbck ba file e. g. 521 and then buffer all of the blocks located in sectors on the

same track as the sector storing the first data block. The processor would then go to the track
having the sector storing the next data block to be transferred (provided that that data block

was not located in the track of the sector storing the first block) and retrieve and buffer all of

12
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WD 2004/ 021350 PCT/ US2003/ 024184 the data bl ocks of
that file that are stored in sectors of that track
Accordi ngly, under such a schene, read/wite head 113
woul d retrieve data froma track once per retrieval
Also in other enbodinents, the data may be buffered
w020¢4m21§gbot her types of menory such as e. gecTidfRAdvbiamiiss SRAM
5 Providing a naster list that includes the

the data bI@ﬁ(éB tb% ?iée tgagal lsgofegﬁrtéger t%rs o? &teaﬁn{'%@jﬁ '}?ﬁ %qu)d%gadth of

scheme, réall/GHicBef 119 woblR kediies Hataﬁorﬁ W trackf onoe gbe retrievalt Alseinaither
Because, the locations of all of the file kn own

embodimepts, (Bt TARYCE buidRred i ARDYSE BESCLBEMmO S 4168 DRAY o o

SRAM. retrieve the data in successive order. In other
enbodi nents, the master list may store other
|nfornat|on to |nd|cate t he Iogatlon of. a sect

Proyiding arfapsiglish theighciuges the ocatieg of 41hseaRis FpfiRiniog h““S‘O‘rfE e

enables a cﬁmfb‘ijdgggﬁkﬁl in BREMbSHGLR bf Fiiab tdmpletRhtdin @ht ol ofded €

a master list may include a consecutive
retrieval. Bmtkse,rthdlp@hwswﬁ ali efhd files arhenopn ke PIOFestbTRERIRAEFST

does not h%\ﬁ(i‘fo I%[l‘l% v, tﬂe {i’atJ 3% essiv 81‘{12:1- ot B diRSRO e AafiEk 114t t h

cation entry that contain consecutive
may store &hﬁeﬂf&nﬂﬁ on td aridivaeithedodati d)reof aTFéntay storingldataions Beab® system

rocessor 11 I st er
e TG e LR SR
include a ddhsRlise Afmtdatiad fndicating thiel nambéof camskcngteysectdbinsuimbk a

master |ist would contain o 0 sect tj-on
from the sqcfog pOGHTd ‘Y‘F%EE%SCF‘B?IU‘E“Q?MW“’" SRR bR Gor ca

data of a i, ARHS a HAEASBEE syflerk PRASRSH (d &/ 216 eaﬂ@ﬂaezﬁﬁnetfﬂbm the ack. In
some enbodlnents user data recelvgg ﬁgﬁn%%p&gwgftlon

master listdfat4 greuplof ponsegytiveserigns incligpshiqaks ehfaay, Yy 126

such a maétJ} llﬁrvgﬁPe%ﬁal'ﬁ %ﬁly Gffe delt6r 1héalBn f?efld fatrack 1ok & krenpades and/ or

tive I ncrease the capacity of the of the
consecutlvnllynrdbf@d blasledoosteé inepgesepttiye sectopf thedgigtle 7 shows a
synbol i c representation of an enbodinent for utilizing

In J&ﬁg‘eﬁlﬁod}rﬁ&ts hQr SR edcNed lomShibrrsdion Gevite @81 shabandmo i N
orde

r to reduce the retrieval tine of a file stored on
volatility steeaddn meinery 123G iinfosdgetozaduce the timp pdata g gy aeie/or thenory 126

4 ffectlvely’sm urga%gl ?hg ?ﬁa&f}# ﬁlle%f fhl: ﬁ&MC%&B@toﬁ%@ﬁme&@t a of afile

e was conpletely Stored on hard disk
surface 712, would have a relatively long retria
F:glmﬁshomsymh@wptmesematfqnloéarbermhsré@wn ot Wilizig fempeTyy 26

LSk Sse? hd 6r s bigked hzﬂd
to non- VOI&%{{ BPERD fi atéior"(?j Brg igrq{i ?cg ‘lﬁcr%f%aégjg&%aé as ec]: ond ed al% a bl ock
disk surfaddATA B this trob@linénh neewNHoK26 B ukd Wingk velafl¢lnstere 32 datand a

of afile th%tgf ‘Ehg Eiga »s?a% ﬁ(?nlfl tkly? {cﬁorcl: heic’rt Q{SEQH‘E ’ﬁ%c‘&&ﬁ? @\'9]; di sk

I eva
relatively 16@{8trial tinity) Fof extafple] file of WatdatabilioallysolMNTof fiyst dADATA B,

block DATHY & sgrepeiopi ohFELASE e vErye Btk B EA o s A,
stored in séotor B dSk supBEd AR, Al A@kil déBlock DATAAD storéd (h se@r@sfent

disk surfacte r':’(132. The retrieval time for the file consisting of the three data blocks DATA A,

DATA B, and DATA C is relatively short in that the data blocks are stored in three

consecutively ordered sectors A, B, and C. Sector blocks 706, 708, and 7 10 represent the

data stored at sectors A, B, and C, respectively.
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30 data stored at sectors A, B, and C, respectively.
13 WD 2004/ 021350 PCT/ US2003/ 024184 After the file
(consi sting of DATA A, DATA B, and DATA C) is
initially stored on disk surface 712, information
devi ce 141 provi des data storage system 110 with a

wo 200s@Yissi on to the file. The revision i nedmitessadiss
addi tional data bl ock DATA D (as shown in sector bl ock

714)
E AL EGRHER 58 A AR b rogsiese,
disk Surfac%‘?‘fi P tSriorRevied th1Growided Aitngorbl KAsién 010 witlskresisioh &ce

| d f
e e, Tharsvifiph Behapsenadriond S PRPEDATAGH B s BEGERY "
714). Becj{alﬂé/ Qlk?é?s MYHEPQVJIM J-88d 1 88dlon RE$ReRAcioMisKl brfacy HAL

s at | east twice. However, in the errbodl ment of
as sectors Bj @LméC7st0rsle EAFA D ph disksuptace 713 weplg gesatly icraes AHEymeER6,

for remevlfn%ﬁ?ﬁ &pd hate I]htta 1% ev§ GF %E% @1@%&%&%@@% éiiherfl S

ocat ! on In nmenory 126 that data
between tv) diffkrerDATAs B lesst todcer BldwevBhén theéhbagliimeant ofiFigire 7.0ecé@ct or

s 10 S8, BB LR £ T Bl ©
location (Lﬁ(PDFiﬁ meﬁ@@alllﬁ a6k DA TA Dissthrédn Thh ill s&tioaskd

et e S L GLOESR0 A M S T B
block DAﬂ?E% st&élii‘ B&2IE DATA D & storé¥Bin MR eCBghed ﬂematynu@m- e

Iginal file (consisting of data bl ock and Q
needed to tlrivBi the 1.‘92!6641@9(‘ (sensisting of saig blogksct e s %&@ i 3(90‘“ the”

same as the gme é&d?d[té | GhidVe ﬁ{e%ﬁ@nﬂ ¥ ?J(cg'@fsﬁ‘ngtd? dhtR Sl8aSEe B, &R d)he

ata retri or to mcreasethe effectlve
capamty of nedia 112. For exan;g if a e.of user
Mesfwryal Z6gnag be ntilizedhigrophepas &0 Raneyofalilely sipsg %Feb R”L‘;‘fea%‘r‘

the speed ofldlatg réu?ev éIr BYnl¥k:Ce eff&ﬁ%a{:&% o MEdPS1 1PRYFoP ExaifpRl #d 1N

, as Oppose to occ i ng an entire sector
a file of user daraedofa largth whetatholag detarblodk ‘Pfé'ﬁt]e is g fcbdesothose 6% woul d

anme d I 12
bytes may Bﬁﬁg"&‘? 81'111 , {)3){@05%4 ﬂo%c&pgﬁgjéxgefﬁhfé seé&?] gﬁﬁﬁl#gé}ﬂ-o
In one embtMin@at, pfocdshﬁ lﬁh'doxbdl bchogﬂmmmswth 4 price peraectenpf edianough
1 A b 95 S, e P R,
small enodR Sich thkkdst of HGThgllieaSs ﬁﬁm&ﬂlﬁzsis(b&”se&aﬁ ﬂne ccbsaeit utitikiogk i n
menory 126. I n anot hef nmbodi msgt%ﬁ %dou e
inenir sstaseinglie % IHPEPPESTOB IS TEGURORT i e Bt B he

another cnfﬂoaiﬁleﬁtoﬁ oﬁl? a?ﬁ&ﬂtﬁgo&rbf afik8CteGikad shé]ﬁhaﬂ Aelx et tﬁé sitde
revi sed bl ock exceedi n%(the si ze of éhe sect or
C

be stored aueysedter, e pertion df sherrevitsd ylata block oxgeerlipg et obhp iohent s,
maybesmgﬁ@r ]ﬁq ,fmy be utilized to store data that

iS to be stored in a sector that has been
deternmined to be defective. One such exanple is with a

In dhﬁamb@dma@% mepretyd 3 map bewiiiaed 18 §lor desdial BEEFFt”"‘Sar‘Sr‘Sy of
be stored i m a?ecpo(? 'E]fi&{ Na§ bgeln%lgt A béﬁ’e?écﬁ@ On%'s@éﬂreﬁarﬁplé R vitha

Fesent aton of a portion of a di sk system
data storagclwﬂtaﬂnﬁmldmcgn@ aReduDday ertayof | 1nexpens1ve dJsk (RAID) system.
Figure 9 is a representation of a portion of a hard disk system implementing a RAID system.
Hard disk system 901 includes two hard disks 904 and 905 wherein information is stored on
both sides of hard disks 904 and 905. Figure 8 shows each side of hard disks 904 and 905

where hard disk surface 807 is located on the bottom side of hard disk 905, hard disk surface
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Hard di sk system 901 i ncludes two hard di sks 904 and

905 wherein information is stored on 30 both sides of

hard di sks 904 and 905. Figure 8 shows each side of

hard di sks 904 and 905 where hard di sk surface 807 is

| ocated on the bottom side of hard di sk 905, hard disk
wo 208He@ace 14 WO 2004/ 0213510 PCT/ US2003/ @Aakshs/Ba4i s

| ocated on the top side of disk 905, hard disk surface

809 is | ocated, e.hotto r.f [ 04, and
808 is locpfed op th OR S‘Q%?ffdgg EO% tﬂﬁd Blﬁ P'ﬁ-}cygﬁ @g lso%ga?ﬁqce&tt%g %E?Jr?f ace of
surface of ARtk 904 sdhaRPdtsk suGRB BTk looied drithwiob burbaciAThBrdslsk 19841

user data is stored in blocks |ocated on multiple

hard di sk _surfaces. The dri.ve circuitr ge
Copyaviory sk & RATE PRG™ fre- 8 TReGR Il eflo R At
hard disk Siifade8 STRARNe Bfcuit Of 84tbra@CG9Sterh OFFéhartingiic RAlNgktetnhe
read/wite heads associated w,th each é&kfaé‘&ﬁmq €
concurrenpndfiwes eppieel s/l ateh LELUE PT L‘Taor“' SRR TN EsUF Faces
with each g%g::k@%% E&ﬁioﬁ er tRERHEY fof QBIRS1 i surfIREhAdizahddbpeks on

tor having the sane sector |ocation on each
sector locaion f Fwalatadlocksah each speierdiaying the samspedPio@HPONSACh he

surface is %:;alg E\' pg%j_lpqifﬁo LSS A el L. ﬁﬁ?{éﬁfh@ﬁugﬂﬁ Stofik dafiht i pl e

aces IS sometines r ed to as data
multiple dfsk Girficgds sohdtimefrefiemédig ad datasitipimge 8 and Figure 9,
because di sks 904 and 905 are noved simnul‘taneously to

he sapge sect of. i; atk Sno¥eq 807), i f
R%eﬁ‘é“gé‘? EhE sagg%%'?rg 95%94?’%%?@%? %gerfd?gsg.é sector 822 is
simultaneslRfy@e the ¥nexsctorrod icachtdist sioface (eeg. 807), ibeneobihe secer898) |

. then the sectors of.th ed0 hen 1,
defctve g Bpsecigmi2 e hiFo 45 TYPOLDY FETK i ufi@isoB kDol
of that secfR e hebREE 821BY5 803, and Lapfoealieithe disk sarfates g tonsidered e

sector of a sector Ioca%l on If‘” nmul tslr{glgﬁd F%h‘éhe 15
unusable. ({ipmsarenly. ageiegt i enersera of pissionloraign IBURbE! PP | 1 one
gg[ifm*gp Jafin MM | Mpl enenting data striping on
nurnbemrru tiple hgrad gglngk surfaces (such as e.g. with a RAID

system), if one sector of di sk _surface is.determ ned

In o35 cpDoLineN it £ Pl IERET RS OF SORPE RLPUEeP Y Sbed o
surfaces (§06n Weeldl bvithla RAIS gga&mﬂeﬁ@e kdci oB£GIsI0NrThe id desdined wber ed
In ry 126. The other data bl ocks are stor in the

meno d
defective, thelslata b thetriéi“@f’dﬁdﬁ%beo‘{“li\‘&“ tQjthatdetegti e 5P ABS$RLTIOFF the
in memori PEe Tﬁggth&&lallﬁ g{b@ﬁs' MRS ih RS {eb@FsRf MR bfheiskdef ecti ve

ectors at t sector location. For exanple, in
surfaces hiftiggthesade séxear dgationge thoesh 1B2Qwpts ngl defective srstorsiahdalgat a

that is to ., be-witt i b tHay
L e R e
be writtenitdithe sedk & vaitleh reteat te mambtyt 186 whercigdlt atres dg2blockg ofthe and
. 824 (the sect t rd dis 809,
son s S e e 2 B S A R
809, and 838 that haBY the bdrhd séétetgodaBTS Yecla? 822)0 B atikidiny memtay §26 to

intended to be witten to defecti ve sector Jhe
store data jjugnded tp be witien tp g deferdive %Pr’l%@ﬁjﬂ ptive sector does not render

unusable the other sectors having that sector location on other disk surfaces.

In other embodiments, a non-volatile, IC based memory may be utilized in a data
storage system to increase the amount of data stored in the non IC based media of a data
storage system. Referring to Figure 10, for conventional hard disk surfaces (e.g. 1010), data

is stored on sectors (e.g. 1029) in a sector partition (e.g. sector partition 4) located on tracks
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unusabl e the other sectors having that sector |ocation
on other disk surfaces. In other enbodinents, a
non-vol atile, IC based nmenory may be utilized in a
data storage systemto increase the anount of data
stored in the non I C based nedia of a data storage

wo 2068fsm Referring to Figure 10, for coryveuszésnatsahard
di sk surfaces (e.g. 1010), data 30 is stored on

c B Lielth R Reled SECE OF
e ““‘Cl‘spgﬁ thg{éggc%ﬁhﬁbé@%@agéﬂeg o BECTR soRak i Refled)

between seewunee(exgsummmm)( ‘ehlgh defineibi seL®Y partitians.c fitiomel e a hub

erabodinmgiesereh oty PR afiref o [ seb [ RS 86 £7183 A 165, B of

servo datyiticds tekafdcl furhies, tl&aedlcﬁrmumbar,t antl am datarusglaprposition
i_ments, ser dat a_m be store tor
readwritg UL BN 4 ot O PGt B8t ol BTt
size bloc dF ‘allth‘ g, 5 1¥ehykds ffdne BRHARRY)., With @oxﬁeﬁeﬁthnﬁ?]e@ ) eitiiple, seAbisl
anal og data 'used to position 5 read/wite head 113
may be loggtedrin f trackiof a sgetor pBWiBNt i onal | y, each sector is sized
to hold a standard size block of data (e.g. 512 bytes

BechhisOMRE sty BT cEnventhil Rard AIRs £XREFMES tradky With Plch heed 01 S
be located in a track of a sector partitiop.

diffrent rpdvsieeipRE (e b (& EHIDSoRASHE PRI KB b wehssbls
that disk éuﬁ&%gfagc of'h &aE@ﬁlﬁ%e&ﬁrmﬁ?ﬁQ legﬁ}ﬁnﬂge RquithafshRE Rdbiedrgdi us

spect to the 020), portions of the
store a stapdzaddiz tﬂmy Ob@tau figsexatnple; the munlhétdls seake Wsedter partigpice
4 (locatcd%gtw%en sec or mes M@B13sE f(]gﬁ) iR ﬁ’gcﬁ(% Ej M 2b s lkﬁzﬁ‘a s ﬁelageid
requr e ar ock

Space need ore a stan Sl zZze
to store a Rndaldisiae bIECI(ofelxtal(mg 612 tiykes). dpaeriDldn tehick R3 @‘pzacc@ in

r, partition l.ocat e e n etrI s 1031
pariion €55 o chaziopt o e D16 310505 35 SrelFiRts NEREEh Al BT
mnnedlatd]?@@%d'xght SideSdf 8dctdr HneSt0aN delitive & the vibw elidwndh Fgiaded0( e.

byt es) . gdace 1012 on track, K 23, of sec or Ogﬁrtltl on

Toe portiags fhowi i e disHEH 58 FECHSTENp A QLebKls L GHhn 1By

represent @a@%ﬁﬁﬂt ofispRe tHa%é‘H@leu'rfﬂcetsFa%g koc#ed imbiedial I tRd 1eft idé O
he right side of sector line 1032, relative to the

ofsector I SF24FBReRT PR RSBGPSk o T ST BT
1023 repnﬁérﬁﬂﬁé’ﬂjgdu‘ﬂ?éf B4l Ehheska/ce G4t ?raé}d B deFicAR n?ito;%%%t or

repre e anount of space that the disk
standard siza blbekosf dstpaaﬁethtrdmstdﬂll camneoticaanleysienan theseespices wowd gé  of

. Ssector | [ | €] n storing a standard
""“““Z“'dzfe%“e“"}% '%tk:vgﬁ%dg&%%tegsacggﬂ a;j%’(kgsﬂ%? S portion 1023
represents the anount of disk space t hat space 1024 of

Figureald ks 2@piesentitién o] aepnttiOh of datacstoresign semOrysti2 aegardingse ze
some embpiBls SRt GRGRR 0 It emBldferf O RN B RiER! o

S wou W42
spaces of Masd cﬁdc saifadealgehap dseavailbie stirgk sie tharc ehat Fsl rxgedee tll is a

s sch ) SETR L S B R LARD PR P R BT

data, with kHR\6@i8f podibn of Fhe SQARrEER IR BN data Heinglslogedn @eadYy 126.
invention, spaces of a _hard disk surface thag| have

For exampls 3 ortirbf| astaneard sies blepk of fiacis stored ip spRcs: 101 SofiaeEifseeo

Figure 10). The remaining portion of the standard size block of data (whose size is that of
space 1016 in Figure 10) is stored in memory 126 at location 1116. Memory 126 also stores
the remaining portions of standard size blocks of data whose other portions are stored on hard

disk surface 1010. For example, memory location 1115 of memory 126 stores the remaining
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25 store a standard size bl ock of data, can be used to
store a portion of a standard size block of data,
with the other portion of the standard size bl ock of
data being stored in nenory 126. For exanple, a
portion of a standard size block of data is stored in

wo 2082865 1012 of track 23 (see Figure 10jcr/okBsssamai ni ng
portion of the standard size bl ock of data (whose size

is that of space 1016_in Figure. 1 I S or, i
ponion Cbesneieg st oF BT B4 B log & BB e o
porﬁonis%\ﬁx%dﬁﬁ%i&]i )] (g&r]ﬁiglg@m)pf standard size bl ocks of data
ose other portions are stored on hard disk surface

1010. For exanple, menory |qcation 1115 qgf mry 126
In swwrebodient, AdpsHlongn T 36 GHFTREAI: coch ceREOR
WSRA0RLD%4 F3%hat BREL FARXAMNE SRS 1 130 of Giembgilp@ked by
space on Sgggrr%ei on %)0165 of a? fs%{ﬂa.pqlqrd size bl ock of dagﬂnyose
reserved fatsheing the deficieptporitpns fop pig gl skatpates Bl ISR U PO IEOPLLEXE gur e
ith 1 0he ermibdiR 4}?%& ot Qs bRs AbhiA Be ktbreRHRmOry. 26
23. w"hﬁg%%%"l]% éncfg%tﬁ egjgﬁ}aggf?%]?ent space on sur_facery}010
126 and thie Senfiz@asy poetibn fwonldtbh atoreg pa digk suface 19%@niplose crphodionent 330 of
. menor 26 is 5 re ed for Ol . [.elent
deteﬂm"abfa{g% i"%‘ﬁ eripse 31°P’°His§ﬁ yossgoé'%ségor@n cgla Pg%%ayfﬁltgﬁ%dﬁ k gfeect ors
data woul@debdnd 6K the Sost Mistdfing MaEpogtivh cinersery $26 tekmss the savingpor ti on
of a block of data woul d behstor.ed in menory 126 and
from the usqef thessage qn g bayd disk FAReIh AhBEOUPYr ed on di sk surface
1010. In one enbodi ment, a determ nation of whether
TolrBrithe S bIRRBI datakin fhe bmbsdinenes of Figores i ®©mmdofl, prosssantldr d

size block of data | d depen on. the cost. of
would rete P RgrooN e BB (o e 10kD 9t bR BBt o
data stored-8 iRy 28 %4/ fRatidh 11 16). SRaREdiR0ssidieegamling Rijuskl4st or i ng

the otHer portion, To retrieve a blogk of d t he

. ( t.a

Processor & Hpweliideambane dfe prtighy keéora proydie them I, eyl lou o

h &S}ﬁ. L@ sRfredift 8n RBaGedihedibry B, tiyknespace
Because ‘*E%‘éé“?%ﬁ ' e?g e?htg%psqr_t i'on cof the dat g%st g?ed in
retrieval timerfwrthe @S inclidipg thegerainipgportiondy esssiialt thesaic st e si on

: regarding Fi. r MU SameRkdge t he

retrieval "B’S??ria%lﬁoé:g Bhé’bg?'{etﬁ% ?‘;‘Sﬁe‘é?‘na%&?ﬁ@?}?th %&iﬁﬁf or mat | glgmé evi ce
portions of distandard sBeblacksf dith & andGribrsad, mgn-polatile mamedy madje data is

stored i_n.an | C base I . 126), the
advamage?‘é‘ﬁ'ﬁﬁg\‘/’ " bf‘fcﬁﬁtgfzﬁo"t“ggﬁgr ogi\émﬁﬁﬁgudi ng the remaining

portion is essentially the sane as the retrieval tine
Sofr@ borfveltiona hart dak syssme ateicomflgpred sephdluht & secier mexpapcasl

oot s 8 e T G R 0 e

program cE&HToN&h&itih% fic ERAAOM aRBYor tactkianésapeaoding (af. iewydtan
etter uti

ilization of a hard disk surface, 20 e

includes cedsQraAme hedhe W&Pdia@it'?kmé&%ﬂf‘é’h‘g’e X E‘b%‘?‘f“@ﬁ’? 8" ?%%%
iz j JraabRder dan (RQtb sivivg @S Figiiresl 0

oe o 1B ELSAOBUAO RSl o Qgupumdsereieat,

5, th
and 1) melf dllewsssstemioiba epniigssd Where B9 SAOEGERSS Fe6tor aeera el o 't he
remaining?pﬁ}éi%g gc;l; OB 116 R ik ork d 1 imefoRSID8 S ABcordhitdly hel pkddfani &dE - :

em
described above would not be needed for such emboediments.

In some embodiments, in order to speed up the retrieval time of a file of user data
stored in data storage system 110, a portion of the file can be written to the IC based memory

126 for non-volatile storage with the rest of the data being stored in non IC based media 112.
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i ncl udes code for renoving the servo data that is
stored in the sector line fromthe user data of the
sector). Uilizing nenory 126 to store portions of
user data (e.g. as shown in Figures 10 25 and 11) may
allow a systemto be configured where no sectors cross
wo 2006139 lines, in that the renaining partuseunseiisa
sector block is stored in nenory 126. Accordingly, the
. rogram code descri SN ed for
withsomg - R R R Gl e VR R L BRke ErCRReT
memory (6.5 EX) bl viHieh dam ks writiea ko thé mam IGbasad fredie (ecgf, 142 dat a

stored in data sjorage system 11 a _nortiQr
dependent e e Y S O B R THE"  "B e St M St o,
these embB@RieNt8)iAs HdsRedtb RIIAEG helvérll fRR vilisde oD4 fikhesedabythbei ng

.stoped in non | C based nmedia 112. 17 WO 2804#&@3350
informatiqaievicsz@o B dpsaeying e fHe SemdhedptasREgesE bt et s, t he

decision as to which data is witten to the |1C based

FifROPY s E6ittbne erkifimeAt\t awhit€ bpegl@bifor Bnplmehtigy: sygerh he
non | C based nedia (e. 112) is dependent upon the

. 9., 1
for non-vqlgtlely sorns pertivasof @ filerqh eseqdaraingt §r Bated 10 RBUK ™R Based
as to spee{f'glgfrlrn@ aptﬁ@v&]tﬂinﬁ%ﬁﬁze ﬁfel alc:zgo'&ﬁl?geto R RRbmion.] }a thes desired

educe the overall retrieval tinme of a file as seen
embodimdnyoft Fagrs 12, micadimgnortisn ofde pexd ditetode written tojthe noa{G pased ng
. he file fr - .
metia 112§y § 9edE Bt d Bl Bk RG0S B R fhe A0
data. Thedlperchirt afiFiduar 12iinipipementd mothaprogessoe bi6 of the data storage
non-vol atilely storing portions of a file of user
system LRat 3 in an |1 C based non-vol atile menory so as to
speed up the retrieval tinme of the file according to
In 1308, poesont 16 bagisstb exeaute the methed set fdythdi Frgere 13 in ritipgese e

.12, a leadin rtion of the t 0 itten
o veceiving g YTl AN Rt L Crp o g aces PRR okl g €T
stores a filD 3B & Er dHRITR bickk 2th thd$ock beifigdated irf dne embddimev,atati ne of
that data. The f[OMIgEart of ﬁ%%ure 12 is iEEIenented
sector locgigd qnipatisk spréase elgpedipld 2 ofn opp, gmbpdiment, thyselirs used i e by 11,
storing a fllflard éBtdined A ERRMNed detRr e dhstShdévin) SrdR&Uh teinbg 108t I0d
set forth in Figure 12 in_response to receiving a

other embegifnerss, afcheldls torhe fiaidien is p ryirannthe FATFEICFIONS WL &lPh]. Data .
storing da%ltog{élggﬁvﬁx &80 Lk dicated bPFSferdist 11277 101200 SR seflaf @ 1 N

wi'th each bl ock being stored, in one
nurber (N8 risrotiiorteand in 1205, the fiss blodi of date i veréften tp Seciar SR Bedis e of

. dia 11 | &% loent, the sectors used for
(thcfm'tSg%%f)?tﬁldm%ﬂ?mfhggglrﬁg&o tggl%lsﬁgd froman unused sector |ist

(not shown), stored in nenory 126. In other
In 2600 optborenat BL6 determinns tfeispek tines th theyvextsecton (V1) omel Epton,

sector (N){ Eﬁe I]E)e:ig&é %%tglﬁlg Gl Qe bedeok Baifdd f§3|tr" the 81319%1 secibfst & a9 Of

version, as 1ndicate y master list 127.
file) or thel riaxtls2€3r, that kteres the hext bidck of dato ef a prdfiousyersion. The seek &md i n

sveuncSiopy B AL v S AP G
next sector(N-AS £ din §RGhs whkre Ste)next sector is the next consecutive in the same track

as the previous sector (See for example disk surface 712 of Figure 7 showing sectors A, B,

and C in consecutive order on the same track), the seek time is relatively short. However, if

the next sector (N+1) is located on a different track from the previous sector (N), then the

seek time would be relatively long.
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In 1207, processor 116 determ nes the seek tinme to the
next sector (N+1) fromthe first sector (N). The next
sector is the next sector obtained fromthe unused
sector list (for a new file) or the next sector that
stores the next block of data of a previous version.

wo 2diSsseek time 25 is the tinme needed farcinadimmise
lhead 113 to travel fromthe end of the first sector

1o k&l prdeesep 16 BB et i€ ua g ORASTRE-BDEAE [ 00,

The size tl%sdafari@ bt &Y iﬂliﬁ’.nﬁﬁﬁlﬂﬁ fs bade@@n f}ﬁmeeﬂlxmrbbtsvem ﬂakseslm inace
2 of Figure 7 show nq% sect or

which the dam watieyiguslyoyeiien (\rnd He nexk srstof F@ék tht"ﬁ‘%’“ §ec$é°§‘st"i“"ne i s
next c0nse.rc§t|.h%"séc¥c§|n¥ the t}ﬁ’crktfronhlﬂé’ﬁé’ﬁ&m séctor, ﬁr&@ssﬂﬂ% n§a§ Aétexinirlelh i - 1)

ocated on a fferent track fromthe previous
1210 that me@tmeC(sm) pe at¢re¢1mtrm=ewryd 26 vsdo therglatiysly|shorbselk wmeadf vel y

however, {g? %cglég & 1sV\qi%v%§4[E g nﬁﬁ&sf ﬁgﬂS%ﬂpﬂeQrgﬂlé §‘14121¢ the 1210,

es e size of the data to be
amount of k@ Kkt stotedivmempryll26. The size the data to be stored
inmenory 126 is based on the seek tine between the

sect or . .i [ I n
o e s et Pl R h1etfine PR CEUS s Ml 080 £ L
stored in thtenekt Lans Sack dmcmkbnmdeltlw htehcbr ofrthecdectpr enktofthe pexévi ous
rocessor. 116 ter [ t no
sector as 81ﬁ ée@@:g g poyign.of the &P%gﬁé{ rf1 e)rcpsgc‘ic% th dﬁzel 1 t%%eq%zfgliﬁ-@
portion is WRltéH tb ¥RI¥rySier In 1963 brotdsm 114 \fJI‘ltethBdﬂeltlpn tolmsasselist ti me
is relatively |agnger, ocessoré%l %ﬁul dﬁgag%erm ne in
127 (or othep peytigref meABLH0) B erine POl SEE ARt PIfe © Py 126.
located in MeRiodAk& that is stored in nmemory 126 is the |eading
porti'on of the data that is be stored in the next

sector Such data woul d | ude th f the
AR LR UM o e

remaining p@ﬁgﬁ ?ﬂa PREdni reDwRiten idRertisr® 126131 e héxt ddthBlodkedt Lises eatd OF .
the | eading portion_is witten to nenory

(the data aitgehe data blgok vritign @dhesrgmoui 5a5toRANR IsVrttam fobg ReXt SeRRr t 0

S ! LR bloBREiRd (7151 PhytdtEl D Yirst 86)  t hat
(N+1). Tm% ﬂﬁ%%ﬂéﬁwg‘r’lﬁgi%&%?d?he ngxt 1bI ock o)1r‘t dat a 1

bytes wcrd mtcn ecdrnemoruré% then the gemajningi459 bytegiefta12 QW\PIPQI‘L W4 t he
written to B1§ ﬁ%t G (()I[I+1 NG Bher Jtnﬂ)ocﬂﬂxgnts MRk FRRbarg oY bibi&sizh B

ng portion ( rtion not witten to nenory
data of a fil@guldbe witennetht nmseatob(bbdk Yok expgngte, 42 hyteyafadiledat a

were wringp ynemen 2D GG ot HE cHek s e e PREVIAHRUREELDL

sector (N+3). Th SiRed tmbloBighedts, &hmd&rndxtfbﬁmk gite diﬂdatakncﬁxdm thefleaBih2
bytes, if the first 62 byt

% vverewlgten totgﬁ,go

portion of i3t writeftA memory 2R WitiFg 10 ?)“‘B‘&/icé‘&f e19¢ BYY 2'%1 ock

bytes of d%@HE]QmQ@he W b}t&sQﬁ‘ diPwhI® t6 S0y 8260 'WitNhis bmbodimendt her
dinents, the next standard sector bl ock size of 20

an entire cdm nzf tlvffll%USfSiort‘é ipvmediell Be Igomeephodigerts dhepastion waitery,
memory 1%\#5%) be gre%er BuR IR sEndabd si8BI1cBY bEfaQE.g B510 blitBs). Still in

other embodiments, if the seek time is greater than a predetermined threshold, then a standard
size block of the next data (e.g. 50 bytes, 100 bytes, 512 bytes or 1024 bytes) is stored in
memory 126. In embodiments where the data stored in the next sector block (N+1) is also
stored in memory 126, processor 116 may skip a read of sector N-+1 and go to sector N+2

during a read access.
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were witten to nmenory 126, then the next 512 bytes of

the file would be witten to the next sector (N+1).

In other enbodi ments, the entire next block size of

data including the leading portion of data witten to

menory 126 is witten to the next sector (N+l) (e.g.

wo 20dsReiiiext 512 bytes of data includi ng gdrasséids/tnyises of
data witten to nenory 126). Wth this enbodi nent, 25
b T el HR  E U S g

y may

storage sylaangme Htyes, tHeh &ia pt‘d'a&s Eteadﬁda tfmosN z;ssncmmlk@d@tf Nﬁhmzpe g.

512 hytes) eek
and procefsphlew ,ggesé;p%{; é#ﬂ?@ﬂcgﬁ F f arﬂgortl% erdg g 1!1 pl’% 1sts hen a
stored. w% %@%gdlm&tgﬁ Eucle, @fring B Elatﬁl@ééss dedhafileeprocessoOl Iyt es,

O bytes, 512 bytes or 1024 bytes) is stor
can PfOVIdmm:l?%ﬂmEZ’@moll dateiorediin Pemosy Wﬁé‘?'é‘ W‘%@‘%gf’ﬂces]t gl"’é’g in

GhiRf olleQek skdbs! ) 1s also 30 stored in
theread/ante%thﬁ(lfé%‘ﬁ Bfri)ét;ges‘?sor 8116 hay skip a read of sector
N+1 and go to sector N+2 during a read access 19 WO

Figeoly ot fabaneter emboding) by g opqrafiop 5rgmplgmenting a
6k [t€6as@ don Iblatile Srethdbyiof @ Batd
system fof it el oP R e R GLANG besd o a2 e
storage sytire so 4she speecupathsretriovad e 6f the filegecordipg tg thepesdent ed t o

invention. N@ﬁgﬁg& ]tof ?‘g re Eg 1%% {o tﬂé&%&&ﬁﬁ tggf” ufg?fl%%?lgtl gnlds

that in theSinBodflent O Fxguxe & aemihnglpmmrtof tiefda@ivgiticetoladectenof idg a

non 1C bet A i A ey PitEHICAEA TEPEV R f eReRyd 10Fpa¥e

along seek ﬂﬁ@B&W&dﬂQﬂo ELR1OkC e ﬂe%d!w\ﬂ&l Hesl (eIthB) cfaaardhmedtfmm hitad

13 is noving to the ne>%t sect or i?fsetsforth
sector to twwormﬁeut#féﬁmmonao Wﬁ??’é““&ﬁ&?‘%ﬂc i
i mpl enenting a systemfor storing portlons of afile
of user data in an |IC based non-vol atile mam)ry of a

data storage system so _as tods%zrglr g retriogs\éal
In § $0}epreqessop blorhegins g erss gt gretpd s EIEHE | Drrese
to recemdgﬁ\ﬁﬁ'ﬂé f’eg&st HdASinfrRAMHh ABVite 101 td'_dt(ﬂblﬁ ﬁ]eb@uﬁeﬁdtﬁa I’Ih llHB to
ment of Figure 12 exce

ha
the sector pwrsd (Mahset o, mdgu i 304,1the fingt hlpckjof F’%‘g"f ‘%IP bgﬁ"rBF“ fhe
Skl 58 foPfioriiR@he NOBnleaRasedir iRdi a
SecmrN@%gt%M\%ﬁtter?qtlgd‘f%%ﬁ IC0 aﬁ%e r?errgr;/1 126. In this
end of therfidt (EOF) hasinetrbeertreached as detarnfiepddn £308kther ind 3Heprinesstor £ ifo
Q b Fhe &ARed?P1 12DV Ed
determiney S'SF‘RC%WF |°H1 nexg g%f"gp‘&‘ilzd%ﬁggﬁée@% g%mggtja or prior to the
In 1309, pﬁcﬁw&rﬁtﬁ cdlculiftes teacekaimeti from ofretaedor{Nbisentoril gutingethii r st
ector. In 13 ew s)rocessor 116 begins to execute
100?0““?15‘%‘*“?@%‘38“"%‘&?“% Win Figure 13 in response to
receiving a wite request frominfornmation device 141
In 1 910Sr0¢essof ] f6 dermificsulesizedéitha trailing (@03, (whiché& ts et or

stored in %#mn%g{r 2g$ gath% %éas\%gtfetg ?(? éé sﬁ“{%{ltt sgﬂort](gg):dﬁ 1355I eThc trafchlng bl ock

portion is the last portion of the data that is to be written to a sector. In some embodiments,

sector,

the trailing portion includes the location of the next sector. The size of the trailing portion to
be stored in memory 126 is based on the seek time between the current sector (N) and the
next sector (N+1). If the next sector (N+1) is the next consecutive sector in the track from the

current sector (N), processor 116 may determine in 1310 that no data needs to be stored in
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sector N (the first sector of nmedia 112 designated for
storing the file) on nedia 112. If the 20 end of the
file (ECOF) has not been reached as deternmined in
1305, then in 1307, processor 116 determ nes the
| ocation of the next sector (N+1) designated for
wo 2004021350 @ file on nmedia 112. In 1309, pewoseasor1shlo
cal cul ates the seek tinme fromcurrent sector (N)
ctofr 1 duri this. | SaIhOe el difely A NEXt
memory Iéé&eé? Irhf’ Relafiyely Iaﬁmf%ﬁl,mb %@gg‘geé’trt&%% det er n%g t he
processor $it 62\,@01%1{ detdhRint l’na]iBH(i:]L tzhg mm?it it)f(r:]datagwtn smhcq 1:; megopel 26!2331
stored in nmenory . 0 e data w.i .
some embadimeih e SSBBFGYEORG TR lnerspien sritteq PAToRG S0 e B8k
time meetd ﬁﬁiéuﬁ?ﬁra@ﬂﬁ&. 1 1R Borf enttd @it ahd dhtife bicsk bDdabewnttentd en t o
a sector. In sone enbodinents, thiﬁéﬁglllnﬁgﬁp tion
sector N voulgl|ba chsitten teanemopak!2 dfrihcovecls tHee RESHOT SE e PR s1"ze of
i id dnPQ sRY: bicPPisks@red AEmShEry 826, bRcaRIDFmIR6 i S
embod]m%ggvé%{e?}g ét“ﬁ% “seek 0t [ Irsna Eeet V\gen&?he ck:)ur rent sector (N)
control reaifverite head 1 hibteskip Gomasectqrirl o seqtor NHe next sector (N+1)
is the next consecutive sector in the track fromthe
c hvidd¥) sizeRERGGRIR 171bGs diB¥d RMekeion} ne in
n i%ﬂ)tﬂ% ﬁ%ﬁﬁgr%ﬁ&‘g?aw r%ge%zs? to be stored in 20 WO
126. In 1004 102%850hRETall82 0 BeORYhgsectordnilen 19 Bagidist 137 he
rel ativel y sho : A OMEVLlequdnf@ysgek tine
However, ?’%SOF’SF%‘\‘E?% RV F}%ﬁ%ﬁ% %Jﬂéiﬁggg%%a#w _vvoﬁlqa _deter.m' ne in
memory 13@A6hgtwith anmtivatiornd! whichaectay blvek the parichldr railipgpariom 26. | n

slongs THEY rocrser 4| AP AR IE HOBEY oG ke R,

memory lﬁﬁgt%reﬂ%?r tdadibig GE ldchtion $hmérdory 126 thatmeres teoiling porsionst he
entire block of data mﬁ;ttﬁg to 5kseﬁgﬂr N m§$ld be

In 1315, Nji§ ineregnted by Aoghereis procpssor 146 8oes Bk (0% FQ e w1

is long enough. In enbodi nents where the entire

sector block is stored in nmenory 126, processor 116

may control_read/ wi hea 3 ta, skip fromsector

In R Smbeame O ERE L o B0l Ot e PR g sfsP oY B

112, incluﬁ‘iﬁ%ih@ Qatd thad i€ Krifl&i 6 MEmbEA 26.NHWeMr, inSotisek exnbdirhentsy@ipr y
126. In 1314, an indication that a trailing portion

the data offaffle notanrittsmiotreamans1 36y VU mediadddt er |i st 127. 10
However, in sone enbodi nents, the trailing portions of

Todatiéved e QL ﬁ&c&ﬁhﬁm@ﬁ&th&i dfPiduke 1307 prokassck 266 al ong wi th

process.

an 1 ndication of ich sector block the parti cubgr

determincs thalithd trrglingeition f 2 Ssetpierk is StRTErkin mEIBERREFOoRIEY Ll
will movei‘iieﬁatdﬁﬁrm{fé  fGg i %dg\%‘ﬁ%&#&a&@fﬁﬁé%%ct@ﬂ RS 1R sboictibldcRgkep @l bfi ON

. y stored by reading the |ocation in
the data oftberctpr Hodk that strostteredbio memsnyt Y28l feasy Pesesprold§ then|

. 315, N.is._incre : j ia 136
o Al A SBT3 o, M B i,
and providREhedhaeivhfonfiatioh gevice 148, Bahdse tk titporibatofa esttopblpkiad i s

. witten t sector. o dia 112 . .inc ' ata
dat s stofef  memor 26 B il W@M?@aﬁ%é?“"ﬁé%‘i’f & %hg P &
data read SHURQEEOEMriRg the BécYor block, thereby reducing the time needed to retrieve a

file in storage system 110.

With other embodiments, the beginning part of a file may be stored in memory 126
and the remaining part of the file would be stored in media 112. Accordingly, when a request

for a file is made, processor 116 can provide the beginning part of the file to information
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the data of a file not witten to nmenory 126 is
witten nedia 112. To retrieve a file that is stored
by the nethod of Figure 13, if processor 116 20
determines that the trailing portion of a sector block
is stored in nmenory 126, processor 116 wll nove

wo 2004@8@éow i te head 113 during a read of tRE&2®b/011184
stori ng the sector block after all of the data of the

. sect or t ot sto ead.
e 15l et RO PuBRt o R oo
one examﬂT@ Hgfeyietérmewsfwoﬂtmeglamag pm df & diiha (& gelwemem 0¥ medi a
and_ provi des the dat o i nf or on devj e 141.
byis,or e bioeis) Wesld b Sorst EREBRY IR ATGUE OF Db PERIETEPOSEn oy

would depki -%Bﬁ’ﬁ&@'lohg‘u EEﬁéEDJ ditaSidboge ERREY tWFoicde BRatork hRdiaar e
nov prior to the conpletion of a data read of the

response tg @gadreqestor i ng t he sector bl ock, thereby reducing the
time needed to retrieve a file in storage system 110.

therYaeth SAAAEH eRBRRHLITBIY Bad dc8s SRALANOMIGaRMdEd iPfap fil €

be stored in nenory 126 and the renmining part of
storage sysxml YO [The metipdisehiorth indfigitie 14rapbeipsgd, tith modificaiosyig| v,

retrieve usef ¢ cg{ell s%red%g Ho“?? h’le(ﬁg 1 fz%d fhc}fnb} q26 s fg?g)?ampﬂar %% SAd 116

I nni ng of thefile to
described hd?élmwimtegﬁds tamewmbacnmdmmms 4P| QJeQdasmzuﬂl@@nd

14 /[
descrved (s BT B PURET NG Bor S p ey pdAfe R Ry
described B¥ampl €, a predeterm ned size of the beginning portion
of afile (e g. 100 bytes, 1000 bytes, or 20 data

WO be stor t he
in Rt e 5res 0 SRG w ReliEORE tord SPriglheha ol ot | 0
to receiving a Al &qﬁésﬂfoﬁ@ﬁlcS&ﬁia&[ﬁhﬁaﬂoﬂ eetvrueé'#b Idéiﬁ&ﬁ procassargth a 112
In 5 res 0.a read req urn e 14 shows an
determinesiGHT Y ?‘ﬁ%\hl“ésasﬁm E%Z (’lng% DpAIeRts a’%s?t or ed
indication Whethdia oﬁi DE BRSNS ﬁ\éﬂbﬂl]l@ﬁ 1s_ﬁhiﬂd iedneaty fetheffitrinh i n
Figure 14 can be used, with rmdlflctl

master list 1 &7 fn ethes eppbechmenss, mempry 126 oFidasaepch gP%iﬁa"g‘H}d“ menory

81460 hocBX A B Roce SHOMB irPdshondd RS £ e mafoh@meu Fimi th
memorylﬂéﬁaa{r s to %Che enbpg%cfnents ofébFlugures% 7, 8, 9, 10,

1403 no dalahs determined ¢ betasedin 126, thes the filsorpuid berrpieieved Sigey ‘ﬁ‘idé’d t ext
112. With sgmf Qg}?t{%ln@nguﬂo ner § [1Jm iz aﬁ# &%fof%'mé)lg kigRAGS not

y de er el n tpr ocessor 116
memory 1xﬁegvmthese emh@inum aduedlnaetohgﬂwl@@terﬁmwfw Ipispiogpdie 14 i n

memory I#qiwcglﬁ)%chﬁ%a [ %salee\éé_f : Y %e[cfo? %% r3§g% ?(gftg)é Sng;fle ﬁia I6| e from

embodimefi&¥f Bigiiertes Whet her any data of the file is stored
menory 126. In sonme enbodinents an 15 indication

whet g dat a i - |.S
PO BBl i b ALOCh Bl TRABOY A2
memory 128, H&dn effiid GicH mjﬁ&’ed; in rfmumy 126]1thén ind06,) gesessord ¢ egieésst  of
the file frofnI I’LC?HSOI'}({: ? Z%h %ce Ifor; example, the embodiment of Figure 4 where all of the
data of a file may be cached in memory 126. However, for those embodiments that would not

store an entire file in memory 126, blocks 1404 and 1406 may be omitted.

If no in 1404, processor 116 determines in 1407 whether any of the first block of user
data is stored in memory 126. If yes, processor 116 retrieves that portion of the block of data

from memory 126 in 1411 and then retrieves the other portion (if any) of the block of data
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menory 126 that woul d be accessed by processor 116 in
response to a request for a file. If in 1403 no data
is determned to be stored in 126, then the file would
be retrieved fromnedia 112 Wth sone enbodi nents,
no general indication that any data of a file is

wo ueioered in 20 nenory 126. Wth these endpadistopnézsiss an
i ndi cation of whether data of a file is stored in

menpry..126, . d.b SELt or
from a se%ogg)Fgl_gdl%I;@’ 1}{\?1&2 exlglrlr%ﬁul‘o%%sg&rrﬁg rﬁgﬂb drﬁ:s ﬁ]@?y&gi? %I}ﬁg 3(?2 o
from merofy Me @nd the peHich rejie@d &smonedib162. dﬁths rcompiesl datadtoaledoe| |

of ta of a_f IS stor an
not contig 410" i BSRorE O et Rty §P E0abrf FetddT ALty
the data ls%ﬁﬁz@§ SPho th1G07, Blotdssd @56 a}'x‘mrtshm datalfeonf thesactorimedial 26.
for exanple, the enbodi nent of Figure 4 where all
112. of the data of a file may be cached in menory 126.
However, for those enbodi nents that would not store

ThEd of Ol frind drd RilliaPprogRAi®) bised dfon telt@ekisgs Rk, amdhel 406 may
be omtted. If no in 1404, prgcessor 116 determ.nes in

method of i esivek e MiTERYoF FGRITEY eRd 1P DRBHSET QRIS | s

h aﬁlﬁﬂ&? ! dxaMifiE, re BN BXBOEmbbdhehiQlir | eves
Storedmb%'f!n'q'[ie%gﬁolrtel on o ‘*{%2;66500& %f r<éla a§30 frnc])m ngmry 126

Figure 7, thendemm ofiwlkthen toraceess mneoye K26tk memoiydid 2 fro p blopiofdae igny )

made baseRpmdi B A5 Ry el 200 HEQRR 1000 e

embodmehrbfﬂghﬂ:,s 10 mm:]ﬂsmd)also]ﬂﬁenﬂmdimeneé Figoees fond 9, 61e dectien eved
of whetherltg_ gccesg?nrm ! \éy %lg r\ﬁﬁaﬁe dl%)%le ogtoxglgct:arnlone I5 ddlgkgsgn aﬁ@ﬁrg Iaﬁ
media 1126 Iwithqﬁe émﬂoﬁxmeﬁdifﬁg‘nte@ 1] z(rﬂ(m_-)partfohfha pmgmaﬁsmevmga g oes

back to 1407 until_ all of th ﬁga_i %LF]O? no
data lock gy 13 toulddasipde sorepagih e ELof Retgnpahp fgtor

locations (ARG Shd¥n) tHat BHAR the sdele? locdtAS €.201019kWiik défiBiehtRpacasdnd Wi | |
preci ate, based upon the teachings herein, that the

the addresmB IETOR26.d5. docaléanr 1 KR) ahers e TPBHRIRG pariem G fieat Sirmy b
those sectcmggklts' 1%3&1@(2?@’%1 Hﬂgﬂbmﬁt‘ 8t gtgé}xtﬁlaanb 9, pr&teé%ﬁﬁ@%uﬁm h

menory 126. For exanple, referring to
access a tabla of drfidstivk seesons thaf mclmﬂeg the@ddress irerary 146 ming thewpigt her

ok tor epch GfERE o0 St e By SRy o T, BroeR iy | D

124, orotlizﬁmém@'j' (ot sheoh)oacedssible lay grecegsor VI®6) . | n the enbodi nent
of Figures 10 and 11 and al so the enbodi ment of

Figpledd iy S ibrag o ah Embthehl 87 o BB DS Lok RoREE S

ased ‘upon t e ac sector tion on
system accardmgsk ths prefaciavéntion. rimhoaablfmmwmetstctrm sgatdpothlfent of

ures 1 nd 11 art .of .the elri.eying a

e TR o Ve 3 451 e P00 AR Lopsunteny 1o
inserted info8%d dila skadP4u8 ls{sfih, Whd ploradek egluser Qdta Sﬁﬁﬁoﬁﬁatﬁbfi dévireas4lons
(not shown) that includes the sector 1£4olc tions (e.dg.

(and in sor&m@od\mepﬁ TGEgives User Jata gﬁrgd%fgmgﬁan device or storage). In

one embodiment, data storage system 1510 is a compact disk (CD) drive, that can either be
read only or read/write. In other embodiments, data storage system 1510 may be any one of
e.g. a DVD player, a portable CD player, a CD ROM drive, a tape drive, a removabie floppy
disk drive, a system with removable hard disks, or any other storage system capable of
receiving removable media. In general a removable media is any media that is designed to be

removable from the removable media data storage system. In the embodiment shown,
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the address in nenory 126 (e.g. location 1116) where
the remaining portion of the data for those sector
bl ocks is stored. Wth the enbodi nent of Figures 8 and
9, processor 116 would access a table of defective
sectors that includes the address in nmenory 126
wo 2003086490 the data block for each def eerrwsosmeiiss .
Such tabl es nay be stored in nmenory 126, program

0 cessible
rcmc"'abbd?"q%r%%eé@g 0 R"l mo\‘fh I?rtérrme EB f% %gtgﬁlol ?kw\g@%%l?%m of an
read/write B64AQ6 %jmmsplﬂdle ﬁmfoﬁlﬁ]w aﬂtﬁeﬁmmaabtmr rdmpeeblstmadigeay by st em

according to the S entl \ a
inserted indig places tkivgYa. 18 W&w%g% E)@nts trFIP e\?/iglg "FSHET‘ ?mcﬁldg@g&
be remova?%ﬁj MEﬁcu\fW sh&%n in ¥Eafe 19 alich af 4 ead/werheabdrdrinedi a

inserted into the data storage system
deHy&am@mwﬂ%Wﬂﬁés the user data to information device 1541
25 (and in sone enbodi nents receives user data from

In ihQ xﬂﬁd&%énpﬁo@ﬁw Gifurd B3} daid Qbragels9atey €310 ikaludeorvatrol
odi ment, data storage sy sten1ﬁg1 iS.a gonqgﬁt di sk

circuitry lgn[ﬁ))r c@nqrq}lgng theheperatienof éqqaﬁ%wstsrg 15 ongrof Vm
includes a fﬁ)?%écyr\”ﬁ fégaénd gﬁ o@aﬁ%enﬁﬂpﬁgh fo? %ﬁr{; &hat daSt ecagal isyst em

y “one . 0. | ayer, a portable
processor [DﬁpCaymit (;lrcaltl@DS R@Moqulqd@s a @ntvgbgle pgs§d mgmery 1526 1 e

for stonngd%pgrgtg%al(fg{azek@ap \{hec’re V?Mlg I‘n@ﬂﬂlw % I'1]5 f2§ 'Tﬁ)y(ﬁ@ e hard

ener st orage system capable of 30
embodimeh® Gfénvdiry) 0526 Gmimp&bieﬂemm aRAM gsnwaln e pabasiragit.e

medi g i s an a that [ I bIe
conel cepgh s BRI © A RE I SR seRe R IO, 2
(not show§ TP @M IBBe sFHAANIS1025h ok aawmrssﬁano@mmg @@@p024184
renmovabl e nedia i s designed to be renoved from data
1526 are imgplemenins is {he SARg MYAPY ¥ udi ng read/wite head 1513
and spindle notor 1514, wherein an other renovabl e
In 1HE BhBoditBht HYEFi gurd BE frk@0ky 1526 mauqak aeble 15WAMBatSIOfES two SO ms

enbodi nents, the renpvabl e
ipes of opeEHoA Bt YR R SR Te P ER A Jegh baa) P B GbE
(stored in &tﬂﬁghﬁ%a@ fiE a3 W{' ‘retgﬁrdﬁg adth imodiily @edia. CEXagipict ofsytem g.

e notor) n the enbodi ment shown i.n Fugure 15,
data 1532 d‘atude waster figfe ds%tve ectos Bigs, ppspd FEer M 651600 Ve EF P i try

substitute %g% éopfy%oot%. glf feRlidel BPothdISinRREH R oPfstehn dla @08 8pyst em

circuitry 15117 incl'udes a_processor
for the typt bfliSmavatiicancdiacgs Hi2nivatieyemiggimentsy mypey L X BHHE t hat

execyt ed r itry 1511
conﬁgure‘L‘Pé 187e; AR 90 8&%‘”&8‘% 5‘5@8 a“ﬁ&@ﬁ%%%ﬁ%ﬁ#wza 10

for storing operational data regarding the renovable
Utiliealion d(telsgnfomﬁill@) regdrdingbepseofrb adipiihe storgeidyfa 1526 | s

t.ed t,
Examples 88&9‘??)‘”1%9 élf?tf“ b’lvfﬂ ugle 5,8 1@1%ll I's 1 Ein}ér? {h lea 3 a@jﬁ&a&g‘?%w? "
number of (&% ach Al stoRdioie) mddiadhal keein acnestsehﬂethh times et pattineer fEesown)
on a mcdigéqxfg]?%pg f%:tgs?g{re %teT IS Mn 1n5tl}e mecfla thgt%ng acecn;g(g’cfj 'th%ﬂﬁ'lﬁer

of times that any media has been accessed by system 1510, the user who requested the file,
error checking and correction data regarding a file, and security data. For example, for a
DVD player, a type of utilization data would be the last location of a disk that was being

played before a user turned off the system.
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1526 are inplenented in the sane nenory array. 15 In
t he enbodi nent of Figure 15, nenory 1526 includes a
tabl e 1527 that stores two types of operational data,
system data (stored in systemdata fields 1532) and
utilization data (stored in utilization data fields

wo 2003330, I egarding each renpvabl e nedi a.rcuBrpd/@sisof
system data 1532 i ncl ude rrast er lists, defective

sector |ist t.or f ctor
i G P S B S5 Slenbb o BT P R 8P o
fields ISBQ'aHa Jltﬁirzatto){ %158 (1@ﬁclﬂyﬂsfmﬂ@ﬁmbbfm&emwa@pmcdlﬁ that age f or

type of renovabl e nedja t her
PreVIOUSIYé’ﬁ@UGﬁeﬁ@HF‘Q datﬁé‘ﬁﬁgilsyits@és%feoﬂ%queggwi; agf’ﬁ?églmi o store

removable kb i&% hséed ﬁNé&aﬁfﬂd#@gE 3ysin 110 | prokadksbrai I Gidhacdessr a
renovabl e medi a. Il zZat i on data|S|nf0rrTHt|0n

operational @yameghﬂh@ mmmcd@érouﬁalﬁe Hadi Boriexamplfe g s19m8e CHat a.
1510is a IE\)Z(BP aver 3 S'tab(i)c 15%7 chdlcﬁl?et sl o Udkeand 186 Iddatfon %laged oftiR@asbogrber

een accessed, the” nunber of
DVDs plaf;etiﬂji?ﬂlc@a@éi fWiuesustt osysteimoruser qvidisigp Haeplayeraha i@l ed,

the tinmes t Iarfl
point in a FaVIGangd JWRYE fﬁ alés;i?terl’ o}t ‘%’gﬂrﬁi%:giﬁégp ﬁlge e @ht ﬁat was
processor P16 @&fi@Stcest e uﬁhb'm@fdataoff ﬂblld 833 tb Hﬂtmmmyhmrbidﬂ lecahiers been
accessed by %st em 1510, gvllbe'gr V\:hO] oq,uaee%eeu t he
where the mpyig was gionpgsl Wit ikl ﬁ@’s'ﬁﬁ'dt g PSR Y PR ng a

with the oé)‘ol’n%f reﬁﬁ‘an %dﬁ e GR4tan IdsO3toppnpl €, for a DVD
ayer, pe of utilization data would be the | ast

| ocati on of a di sk tha pl before a
Excirany (o K90) 1o 1927 s Lo 3R R BEuHE SoBEl

idennfcatﬂ?ﬂdldﬁ?&% $2 24 R dble MBdih REocRAAGHInTRItataGh theieginy. €E4ED,

t e 1527 is conflguredto store s stemgg@ &g
entry also fnlotiate syBBPYataficl 1587 (6.8 sprespnied Ry oA ( oReMYIPHQ M BESY 1 or

a f | hat hﬁm pieNd@Es. Yy been
system datg asgga%{gw'ﬁlnt?%% atvaggsnt%ér‘ﬁggg&g@st om 1510, Ct:onsegaglent ly,
represented by SMptor tritry U 542) in whistontdipation detal pssodiasedr iy thetemaiel i nt o

Lyos aﬁ%&%ﬁﬁz%mh%ﬁiﬁad @Sﬂ%ﬁa&ﬁm&%&% hAB6RSS 5

media i St(%g‘r a]t;ro%eﬁsg ata regardin at nedia fromtable 1527.
prcvmuslyﬁﬁsértﬁbﬁﬂms&se:m 1510, diﬁtm sédia as@eﬂsysgtt@hprog@m 1516 refrigygp

s cperairal b peraP et o PR BB R R 1%, 7T

pl ayer . Wth such a system a user could stop the
Daﬁ| s&if@é sﬁtenﬂl Sp@intiudaslacoess croditmy for dataacaessds ¢o wm@vablenov e

| at l.
medis 1515 B SETy b boanar B8 Sy L LREL by
1513 for réskiink @@ trbm ferstatile MEdid 1 ARdnd HBSritigg (e Systom tha chhatitel ast

| ocation 10 where the
ot emeygEegain s DOTBIA BRIt RO GBS Legrer {1

| H{&iﬁ%m aYrobseon1 5 16evid DRBADGIZnAl diné
coupled toj?@vn&ﬁ%}b@égg&a gﬁlfﬁr t ?:-5423 of t allbl e 1527n| cl udes
and amphﬁm 1513 dn & reiceived data Wﬁ%"r’i‘“ﬁ’! @r”é?@laéﬁlz Yig g (Y RE gélgf"g
line and ara%{ jer ?gr%b? h@'reo%ésrﬁ{)ﬂglé @mﬁ@ Bl SrovBHinfoBres G h&d 193 Hia t he
a HEAD CONTROL signal line to actuator 1530. Processor 1516 also controls the rotation

of the spindle motor 1514 with a signal sent via the MOTOR CONTROL line and amplifier
1522.
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entry also includes a systemdata field 1532 (e.qg.
represented by "A" for entry 1542) in which 15 system
data associated with the renovable nedia is stored and
a utilization data field (e.g. represented by "M for
entry 1542) in which utilization data associated with
wo 20édp8i35emoval  nmedia is stored. Processofcrisidsmtsishi zes
the IDfield 1531 to determne if a nmedia has been

previ ously |ns rted into sys th ia as
Figwalf s ALV el o BWE&)&@B*F“‘%& &1%41 B gt\‘/“é‘s"g it ’f?“gﬁg
media by @a@ﬂté}hge%?ém 0 Alnfre¥portsh &t anfikiGaiextha am@mbvablé mmim e

entry associated with its |ID 20 Dag%fnét[orage g%’stem
1512) has beenonseried in 4603, preceeses15dp il iy pefriepgran icgliorndigeliog
(ID) from E@%&%@ me&?dfn%néléﬂ%dnﬂeﬂt ¥h’3§) %'mglﬂmﬁﬂueﬂfthfl gure 15,
access circuitry includes a readlwite head 1513
particular femovatdamiediy Fvaeamplecfisysiemdy Hbvere pbud disk drive. a6l f or

rcmovabl%l:ﬂ‘ ch%](q%suﬁ m%lo X eﬁgvé %ﬁ!&l n&%ﬁer‘% ﬁél%lébe} aauIIEI Lfé{m;mﬁglag

group of nddik3uthsas @ ged ahriuynberc dugthe dmbalipents ihd eden@ﬁqah@\/ ed data

) _fro dia 1512 .to cessor .15 Vi a gnal

informatiqn; wpg ‘% ugighe 3 ihe ’f“iegfla?al%fgp%éb %sg( rlléoé ee?a"@? gac?% to be

cmbodlméﬁf tHelTD Mnaly Bc FREVia tidédrZnudic EI.'I e Y\RUPE nginberdbr a rhusizéCand
mplifier 1520. Pr ocess iSl6 controls the novenent

In other erébodrraea&f/\mﬂ?@%‘&é’dm&’éi@ Qﬁd Y a459EAD CONTROL si gnal
line to actuator 1530. Processor 1516 al so controls
In 1619, froded¥ol P16 c&fipatdd EheIDifrasH the iTHied reftiblablarhiddin wittsthgnal
sent via the CRCCNFRO_Ilneand]a lifier EZ
IDs storedzgs fighh! 57 (g desermins of takder] 3gmslydasopareiaona -P&'aff%Wrt

the msertetilr%vgﬁéﬁﬁdlﬁ’flfﬁx@m efthoRiiBd fenlable xﬂﬁﬁsh@ﬂjufla)fn tabid | 1 zi ng
a renovable nedia by data storage system 1510 In

1527, progessopliii§ ettieyesihe onersional dastarerkin thal erarsn HiOPe i thedPds (e. g.
not found %ﬁg%%g 1%%&3}?&%3&%&6 kel & aﬁfgﬁran@ﬁa@ GRS ARG thb3derddn

retrieves an i ent| Ication indication (1D from
removable theeliarie 1H12akickasreg] msterllmtsm@c@mmrsr@m unusgdeilgsp Ips

on mboflGERS g 2 ot B Bl bR = o

each renovable hard di sk woul d include a unique
In $6&2] Ia-bcemurrbﬁﬁ a@esses i BT ta determing whethejtheraipenagh  gr oup

room in tagﬁf% g%d(ﬂéatmeg f%tl(%&pda{aabff kh%tn%sgllm%o fablg nf%ﬁlla €fn one

I catlon ormat1 on woul d be
embodimeit) taBled 52Bis kiaed th dold ﬂempda’toaalsima nédpr@dﬁtmed mghber plor
one enbodi

Vi e
rem""abletq“idf'aege & IORﬂ@?t&]a@e?q lf'?eé[n‘g toéia%ﬁ'erﬁ%s ‘sg‘? a%[ﬂgrms i C
peranonaﬁ:@ata étQa ﬂréue@ﬁmcrd AABEQE FaRidl sble itk ik Elrdﬁaysthred i tablarber
a user. In 1607, rocessor 1516, c res the
1527 of mprpprv rlé?ﬁy (I 16 5 oprperor BB oSt T I B L 104
ovcrwntm?&ﬁtf‘n%% DUnd | bpe l‘aqmala?@ajta &Qhéjiﬁgcﬁédﬁ‘eﬂﬁvdbfe Ak en drfe27

es oeratlona data associated with the
embodiment; proceseat 1ﬁlaﬁmsaetb¢he tapis@ntay for 4 remguablepnesiia thidas hesppsed g

the least. nSBNE em%oﬂ%gﬁtﬂ:ﬂ)c%ssgpmg o%?wﬁt@pth@table entry for the
removable media that has been the least recently used. Still in other embodiments, the table
entry designated for overwriting would be chosen based on various criteria including both
frequency of insertion and order of insertion of removable media. After 1613 orif yes in
1612, processor 1516 in 1614 stores the ID and operational data for the inserted media in

table 1527 of memory 1526.
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1527, processor 1516 retrieves the operational data
stored in that entry in 1609. If the IDis 15 not
found in table 1527, then processor 1516 retrieves any
operational data fromthe inserted renovable nedia in
1512, such as e.g. master lists, defective sectors,

wo nidd1gnused files. In one enbodi nent, pegis2003bhasgyat i on
may be found on a boot sector of a renpvable nedia. In

i {6 e e B SRS Eafant thO e 0°

in table 1§2|7 SInQAE EdbddRhht, tid@dbéranalldar inchrley 4 ieabter Bﬂmﬂxwhlpmcemmh a.
In one 20 enbodlnent table 1527 |sthW§ g oId t he
A8y Sithe

1516 accegspeiondatiorsagssed af félcsoqtorgi i thedusergd FFRRyd
previous cﬁs%ﬁ%%ﬁgh ShidBliGtibrereShrdindstdr NS fop ¢ 8mb&SrAentd ¥ @ara €d
data st'orage system 1510. |If the operationa
storage sysiem alQﬁf Figupy le ddsce pyivithethie dispubsions SEardisgAyaBrase g i s
al r ead hen in
10, L B0 o, F R0 D Sk e
substitute liﬁs’z Zo;fyqxrotcoomefenmm |ong1y\mtehdat=hbat Ilﬂ)rsah‘d/ thprreeesiophdP dat a

the inserted remvabl.e n nent ,
o sccess g n JF Vg TR AR BepRe Eab s ille PSR BEGARL T
based on t@t@écﬂmﬁﬂﬁenh ast the 8Pe of3edem thethbidagbred innablmﬁflﬁ ey
di ment, processor 15 6 overﬁfltes th Hﬁgle entry
depen upp ov, HBF WA R e P DB A ORI CRBETE
songs, the TRGENLst MaifQ6ke ontwhich thabks @b sopgEhadidrgNt s, the table
entry designated for overwiting mould be chosen based
on various criteri |nclquﬁg gﬁ d cy of
Anj adwaptage of storing systepnstatadn 2 pofsyalqtife s bae |m§ f'e medi a.

rcmovable%éd?ardat]ﬂ%?’agg Eysiefn lyﬁkﬁt it Iﬁa}?@loaﬁﬂe?dataﬁfo%ge%&&m tdmbfe i n
14 stores the ID and operational data for the

qulckly remn@edataéwrrntbweawmle raeglly. Eunthppmorgbesauafhs memorg is nog- \\o
hRabldIBh R a1 2ge
w0 o RIRL 2435 s bitanc ot oo
available aﬁalsa Ewer daivn QPﬁraﬁ.l(ab ICenseguzntly, pre asentaspHEHMAEFEUr Yithe
er
soch 2 sys GRS Bl e (RN 10 REGURE ST S Bhuchd B Bropespr
1516 recogniizas thel I bf thévemiovablermeeth, procassoa bf 16 mmy degin thEeesessiof user

N

system 110 of Figure 1. Al so, as MAth t he dlscu55|ons
Anbmgaaﬂeﬁnmge that reayscor frgm imytgir@m mabtOlist symeremy HEHas thaty
, i ncl ude, defectiv ector i upys i.Sts,
it may eateg gAY L Bero © Sererrptl B o B ERS FhRMD M
some remdveilé He@s thaQire Witatdd, By 'dﬁﬁe accedzad thb semweb:le ydid i’equm:s
processor 1516  to acce r data on the insert
Fe et

rt the i3 4 36 RO T BRI PR PR o

data storaét'e %ﬁ@ﬂ{‘lﬂg becAAFSREmMer lift@ndy®a 6bied SmdiRdre 1 526, théakstdrhe

of systemdata that is stored in tabl e 1527 may
list stored mom@rbp EHa wepldmotnsppseasibt hayatode ppdated fprédery Writen dn one
embodlmefnﬁ e Xﬁ%ﬁw[@%ﬁovaﬁﬂ rmeﬁfﬁqm Would B upBatéddndy PhnNg  SONQS,

ster may 1 nclude on which tracks certain
removablesdgd 582 i teteormeked from system 1510.

In 1616, processor 1516 generates operational data during the operation of data
storage system 1510 and stores that data in table 1527 of memory 1526. For example,
processor 1516 may store in the utilization field 1533 of the table entry (e.g. 1542) for the
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An advantage of storing systemdata in a non-volatile
| C based nenory of a renovable nedia data storage
systemis that it may allow the data storage systemto
nore quickly retrieve data fromthe renovabl e nedi a.
Furt hernore, because the nenory is non 15 vol atile,

wo 2004381386 1 onal data for nultiple renovabl ecrestiaonmy be
stored in table 1527 and be available after a power

er a e e e may
remo"ableo‘E%‘?" ﬂ(%l erg Emﬁes 4 %/@{éegr]r%olkg n%cﬁl} e’éﬂ}é%ﬁ f?rg%#ééggtd to
media 1512GE€R6&sddh dn St cinbodienethis édformdorn mayt tegprovisied epqwrrcmle% sor

1516 recogni zes the |
o informapb eSS doE11 31 Sl recR Y, ettty aap LB B0 & ¢ om
cache intotntlﬁnoﬁ'ﬁf@% ah Qo BRdsfedWild fih nellia 151200 tddude@l?d.‘hc&)ssmrﬂfﬂnd at a
for e renovabl e nedia. 20 Anat her adyant a%aticghat may

providing getiile et informatiae Hevited & 1a Qthes txeps qfjulkizafiop daagop 96 i s
1616mclud£‘sat¥.en rﬁﬁbéa{‘%%e g{egqu }@P&eﬂuﬁm‘é& of accesses to the

ata wites. Typically, with sone
rermvabl e nmedi a that are witeable, ever% \r/:% ‘ie access
Wheg media lﬁé?mdﬁmeﬁﬁd?cdﬂﬁ‘é’ﬁﬁ fromdata siomee pREMIALY 8y | i st

1617, proc%%g; gﬁﬁ oD Y Htitn fiat zi?ﬁin e b Bt usd EPAENSabIMkMa SOME

nent's or age system 1510, because the
1512 in table 3525 I oretembrediming, dsta@toease Bystemel b ipclud @ senserdnotast er

t st d I
B

storage sy§&ER OSIOEXHmples bsutipaiti ef udeiopdratmalrdetrincdide the dastiiila 1512

woul d. be updat ed. onl n_renmov | 12|sto
wcaesed, R BRSO FR 25 ALY DRt SRt e BB o
removabledRIIR s §Ssei@iacthatimostalse ofah@systenn] NGert wie ao@esed thedataof

data storage system 1510 and stores that data in

oo g6k s B el ) pso R Mol BERRTCY

1526 may badtl1Re®Rtways diild to thsd 2pschiy hebdvewiZVrebiec20 ﬁléiﬂ@@]i%O

For exatpl,Fising o FTEbR o megmony | SORTERY W s gt P Bra RIS

accessed o?hﬁgt%ﬁm%cesﬁ%%@st&&ihﬁ rérfovaklé RS U512] Mh)@e arteadinent
I's 1nformati on may be 1grow ded upon request to

for that fil¢ mhybqareatly redieediingtbat media 1513 doghpat e R PRASERSIFENR , t he
retrieve a %g%s%h Fﬁn o adqﬁ“)ﬁl i TRNLE 18 %%t@eﬁ to, AR ThE wiitks & RBRADT Y

e nost accessed file fromnedia 1512 to reduce
1512 may bheacheide ssmiyt626, ﬂne@bspalbwmgu an gmmw&atclff Fybsequent data

N i

memory 1546&hdtiid ot hla:sdyhﬁ madmnl $12icoald be Witien tcrm;tcha 1iBpfefars
determ ned to be renoved from data storage system 1510
removal- j ' 1617, processor 1516 stores operational data
regardi ng the end of use of renpvable nedia 1512 in
Fuititdbhére fbalifres describeewiginiogpditie the embledimerss @ rengpyally dtem

1510_incl u ensor. t 10 for Nsig when
storage SYS{qn F%’é’é?"(yé‘g et P'@dhéfa dt"é"'“é 0?%1%%“%‘“’ 55?%@%
For examplld, @4tk StBfage system 110 may be configured to store utilization data in memory

126. For example, data storage system 110 may be configured to store the number of times a

file stored in media 112 is accessed and/or revised.
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storage system 1510. Exanpl es of such end of use
operational data include the last file accessed, the
| ast tine accessed, the fact that the file was
accessed, and the fact that the renovable nedia was
inserted, the tinme of use of the system a user who
wo n@afksessed the data. Those of skill in thganstdsemish
appreci ate that based upon the teachings herein,
151 ar to
W e eT P SEHE P T R B 1l W RoRA B 3 o
described,SXANDE Rcognie forthdag skiltedf mel methét,, barmmnoy the3caehingsy be

o ot S SRS BB SRR BB

and its bro-gﬁkl:' §spe<§tzh EnPREE TS appefi®d clais al'ehaéncf)mbﬁs witiinhieirgeapatll y
reduced in that nmedia 1512 does not fave to be

such changgs eedmyedificaions apare wetlia the e NG 7EE 8FOPT PIADIs fYeniigRyi ¢ j on,
if media 1512 is witten to, then the writes to nedia
20 1512 may be cached in nenory 1526, thereby allow ng
an i medi atel y subsequent data access. In such
enbodi ments, if there is a request to renove the
nmedia, then all data in nenory 1526 that is not
already in nedia 1512 could be witten to nedia 1512
before renoval. Furthernore, features described wth
respect to the enbodi nents of renovable data 25
storage system 1510 may al so be i npl enented by
enbodi nents of data storage system 110. For exanpl e,
data storage system 110 may be configured to store
utilization data in nenory 126. For exanple, data
storage system 110 may be configured to store the
nunber of times a file stored in nedia 112 is
accessed and/or revised. 28 WO 2004/ 021350
PCTI US2003/ 024184 Wil e particul ar enbodi nents of the
present invention have been shown and described, it
will be recognized to those skilled in the art that,
based upon the teachings herein, further changes and
nodi ficati ons may be made wi thout departing fromthis
invention and its broader aspects, and thus, the
appended clains are to enconpass within their scope
all  such changes and nodifications as are within the
true spirit and scope of this invention. 29 WO
2004/ 021350 PCT[ US2003/024184 WHAT IS CLAIMS: | A
hard di sk system conprising: a hard disk configured to
store user data, wherein a master list is configurable
to identify the physical |ocation of at |east one
bl ock of data associated with a file

c
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of the user data; and 5 a non-volatile integrated
circuit-based nenory, the non-volatile integrated
circuit- based nmenory configured to store the master
list associated with the hard disk. 2. The hard disk
systemof claim1l wherein the non-volatile integrated
wo 200jo51G4hl t - based nenory further conpri seCT/E2003/024184
magnet oresi stive random access nenmory (MRAM. 10 1
The hard di sk systemof claiml wherein the master
i Jses a physical location of a sector
YV——I'I—M“—Ige‘;%&l\-’;%—ﬂﬁ;—'first ordered bl ock of data of a file of
user data, 4. A nmethod of inplenmenting a hard disk
1. A lpyddisksysemeampsisiAg: configuring a hard disk to store
r Whtiiséonkisurdloed at a
a g dlsk Sfoare il slofAURbr QLR Kmier i that is
i dasntifyftheghydisal mcavies pEat ldagtone blegkpf data asemiatsdyvithadlilbmst er
l'igt assqciated with the hard disk in a non-volatile
i étﬁruéelrg%‘a’@f’ cuit- based menory of the hard di sk
5 a n&) 64118 idtegrhied cimmitibadd afemotyathemah-folatileinteg@odpirduii ng:

non-vol atile r r r i res ki

Gt e PR e B R R AERE

20 6. A storage system conprising: a non-integrated

cj rcuit-based.nmedi L Qur . USer ta for
g R L T R e S P
memory fugiéfcbgprisedl e to identify a physical |ocation of at

| east one bl ock of data %ﬁsﬁ)ated with a file of user
a nREASIPIESiSH YrgrandoPAeEEs MYy 2004/ 021350
PCT/ US20031 024184 a non-vol atile integrated

clreuit-hased menor.y. . : I [ §
o 2 SRRk el AL LS,
of a sector SipFhENfirkirderad bk bidaechf wifileof ukee dton- i nt egr at ed
circuit-based nedia. 7. The storage systemof claim®6
wherein the system data conprises a master |ist that

4, A mooinidai ivsplementiniarttard digkesystemn comprisiig’ | ocati on. 8. The
tora S e ot L& & Bl bAGniOPR sl GEY at ed
co '?P‘B@i%?@%a@%go o8 f"%r Lﬁér.’ntaﬁgarw&%onpr |Bs s’ at _ {ée ast one
ofphgsidablbchtich &itin & heydidisk sat i ideatifiadibpliaanastar list ped or a

15 storrirrﬁggtﬂce rtnz?s_te? %gtlagsoagtgé \%gl? the hard disk in a non-volatile integrated circuit-

based memory of the hard disk system

5. The method of claim 4 further comprising:
non-volatile memory (NVM) requires a programming voltage having a magnitude of

no more than 5.5 volts.

20 6. A storage system comprising:
a non-integrated circuit-based media configured to store user data for the storage
system, wherein system data is configurable to identify a

physical location of at least one block of data associated with a file of user data being

stored; and
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device. 10 9. A systemconprising: a processor, and a
menory array operably coupled to the processor for
non-vol atilely storing program data and user data,
wherei n the program data and user data nmay be
programmed w th a program voltage having a magnitude
wo 208fo236 nore than 5.5 volts. 15 10. The myaisensofise! ai m
9 wherein the nenory array further conprise a
magnet or esi st.i ve. .random access [ .11, A
g olalt Biegd ST LA BREI DS 69"'g%q?°nl}p{)tﬁér%4§@%{¥ﬁmgtur ed to
I Sfa8ddMReméPeIE colfip@alilé QMo tht H@immah astcigedwitiethe aon-
non-integrated circuit based storage nedia configured
t dniggraedcipyibasgdedia.and 20 an integrated circuit based
non-vol atile menory (NVM, the non-volatile nmenory

configured to alsq store user, data.. 12. The,. dat
. Theppmifene et SHPGReE i e qep St s nRbr e o
5 contains at {dBnti#RRlon GBhAIcIRREd Dy the non-integrated circuit
- based storage nedia is redundant with the user data
stored by the integrated circuit based non-volatile
8. ThoBEREsy&dYM claid b witteRQBhididdieghflePGELIUB2OO B2 A8 13.
~ The data storage systemof claim1l wherein
compnsCSypr ogramri ng the integrated circuit based non-volatile
at 1BROGHf § MYMYisK, 8RR DaRd Riedig) 2008] 61Q nvghdiaggtichavdgag a
magni tude of no nore than 5.5 volts. 14. The data
stdsrigge system of claim 11 wherein the integrated
circuit based nmedia 5 includes a magnetoresistive
random access nenory (MR AM-15. A data storage
10 9. AsyyemeopRIMETi sing: a non-integrated circuit based
apRicQk@dmamedi a configured to store user data; a
processor ggerably coupled taq the non-integrated
a memoTATEY eRetbly caerifde the prpcesserifornagy Alpey SR FPE MRS ed
5404 ot dufly, WHEEA Yoo phithy QBLIARCY RPMBY Bihrburiuti 10
processor, the non-volatile nmenory configured to al so
s twither egsam deltage hayipg a magnitudoef nefmogthan 33 ¥oliige
conprising: receiving user data froman information
source; storing a portion of the user data in a

15 10, Thewwemof dgmes weprn e BEmonATRHIEIG FOIRNSHA FPgncasiliive
random access memory (MRAM).

11. A data storage system comprising:
an input configured to receive user data from an information source;
a non-integrated circuit based storage media configured to store user data; and

20 an integrated circuit based non-volatile memory (NVM), the non-volatile memory

configured to also store user data.

12.  The data storage system of claim 11 wherein at least some of the user data stored by
the non-integrated circuit based storage media is redundant with the user data stored by the

integrated circuit based non-volatile memory (NVM).
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storing a an other portion of the user data in an
integrated circuit based non-volatile 15 nenory
(NVM. 17. The method of claim 16 wherein at |east a
portion of the other portion is stored in the non
integrated circuit based storage nedia. 18. The net hod
wo 20002351 m 16 wherein a begi nni ng porti orcrafsadolyezsisser
data is stored in the 20 integrated circuit based
13. Tl{écéﬂfa\é%lagé é)Jst%m%FHB IWreth £8Rh £ 1hB $htRPidd PBuiPFasddne
ser a’ls store nt on-integrated circuit
non- volatbeameldory ¥ OMageuire s pmgram@ingAokagabasitg aemmwilc& of poMgrg e
than 5.5 stem conprising: access circuitry for readi ng user
an V8 ta froma renovabl e nedia when the renmovable 25
media is coupled to the renovabl e nedi a storage
S 84 a
0. TiREE a et i e e B R e e
includes anmagnstaksdtive endont Eggsaimedory iMIBAM)- based nmenory is
configured to store operational data associated with
the renovable nedia that has been coupled to the
15. Adfémmazﬂseﬂmm“wﬁsiﬂ@rage system 20. The renovabl e

a nnﬁ (%nt%b??ﬁ&? Crlf?'g %l? 9{5 dif E&Iﬁgb%%lo}g’ﬂ) %E{&da%g reTD ry

a prmtsumperably m@hétwhemnsnmmed cirdio hased wedis andknor y

ere vab e stor mof
an NGRS SRER B g Ay P DA B B
Ci préébsdor, m&ﬁﬁtvaanvmyms@mmﬂgms tonlseemteosadiiat or nenory
havi ng a progranm ng voltage that has a magnitude of
no greater than 5.5 volts. 22. The renovabl e nedi a
16. Ambthoda@felamymragmmfpﬂsjhai m 19 wherein the operational
a furth ncludes utilization data. 23. The
recre'é(ﬁ@\}’éeﬁfjga ﬁﬁ’&?‘é‘“é%?‘&’é‘é‘“‘%y em of claim22 wherein the
stoghg b péi'géﬂ a’med.aarﬁ%tﬁ fird r?ﬁﬁntegrﬂﬂi drl]ltdﬁsbasertfﬂngﬁmtrneﬂra and
escribjng a nunber of tines the re a
SoiE S Sater ApoeTid DerisghaL € HEHME] RGN HE Syep
Th@erh he nmedia storage system of claim 22 wher e| n
the utilization data further 15 includes a | ast
accessed | ocation on the renovabl e nedia. 25. The
removabl e medi a storage system of claim 22 wherein:

th - | i t t ed It
17 The BRpPO0L A oGP B GRLE BB 0h e Ol PSR SN e B ¢ 1
non integrtediktlitbistd/st@ige @Y abl e medi a; and

-3

18.  The method of claim 16 wherein a beginning portion of the user data is stored in the

integrated circuit based non-volatile memory and

the remaining portion of the user data is stored in the non-integrated circuit based

storage media.

19. A removzble media storage system comprising:
access circuitry for reading user data from a removable media when the removable

media is coupled to the removable media storage system; and
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the non-volatile integrated circuit-based nenory is
configured to store a unique 20 identifier for
identifying each of the plurality of renovabl e nedi a.
26. A nethod of storing information in a renovable
medi a storage system conprising: reading user data
wo w0idsnei3si r enovabl e nmedi a where the renmowahhs0waisasi S
coupled to the rem)vabl e medi a storage system and
storing. novabl e
s Py e g e o B BB B ke DT 2
epadEdymédfory 19 Qonfigum@y awtstoee mﬂnmasdaalrm@elasy Mth rhe 33 V\D
2004/021350_PCTLU§%003/ 241 4 27. b]Th mnq an I ai m
2 6rempyabisapediadhh pgs tﬁf TNE's 1 %f)%rra%etslysonal

data in the non-vol atlle integrated circuit-based

0. BB o SRS P b BB D
circuit-basdB b 6ky fcluabsad rﬁ&gﬁﬁo&&is’tt\fhfmdmmamﬁss siemgry (M&AM)ai ni ng t he
operational data in the non-volatile integrated

circuit-based nenory for subsequent use after the

21. The eamvﬁilfl reedivetorageisgsterreofolaga 19 whersin the npengstdbintegraigddi a

L e s stem 29. The neth f .cl

ciruitbesgh B corsr e PP L e s e Yk |

hmarmgﬂﬁﬂ@mym@ﬂﬁkﬂﬁaﬁsavmﬁgnetoreS|stlve random access
menory (MRAM. 15 30. A renpvable nmedia storage system
conprising: renovable nmedia access circuitry, the

22.  The emovabld medivestirage agsomsel cim ¢dvhargin the mpargfienddam firtheread

forrmtl on froma renovabl e nedi a when the

‘"cmdesufﬁzﬁ% e media is coupled to the renovabl e nedia
storage system for accessing user data on the

5. Tof RN b <k 8 RER2 ORI LE ol Bl

includes infdrmatitintdesckibing d nureivep pg/tlrsd_s theirergoveple madia raatessdd buthe

bl(%%omated with a renovabl e nedia that has been

removable, BP@E@fg'{ﬁ% system 31. The renpvabl e nedia storage
system of claim30 wherein the non-volatile integrated

2. Thggmg{rd’bfe%émakﬁwwp&ﬁaln?Z?Wfig?cgﬁ‘ﬁlt: QfifalisH daMSuiigndom

ess neno that stores a nedia

includes 2 ladientesded basticoon thembmevablomegiot ent i al mat ching with an

identifier associated with the

25.  The removable media storage system of claim 22 wherein:
the non-volatile integrated circuit-based memory is configured to store operational
data associated with a plurality of removable media; and
the non-volatile integrated circuit-based memory is configured to store a unique

identifier for identifying each of the plurality of removable media.

26. A method of storing information in a removable media storage system comprising:
reading user data from a removable media where the removable media is coupled to
the removable media storage system; and
storing operational data associated with the removable media in a non-volatile

integrated circuit-based memory of the removable media storage system.
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27.  The method of claim 26 further comprising:

maintaining the operational data in the non-volatile integrated circuit-based memory

for subsequent use after power to the removable media storage system is

removed.

28.  The method of claim 26 further comprising:

maintaining the operational data in the non-volatile integrated circuit-based memory

for subsequent use after the removable media is removed from the removable

media storage system.

29.  The method of claim 26 further wherein the non-volatile integrated circuit-based

memory includes a magnetoresistive random access memory (MRAM).

30. A removable media storage system comprising:
removable media access circuitry, the removable media access circuitry confi gured to
read user information from a removable media when the removable media is

coupled to the removable media storage system for accessing user data on the

removable media; and
a non-volatile integrated circuit-based memory, the non-volatile integrated circuit-

based memory storing operational data associated with a removable media that

has been coupled to the system.

31.  The removable media storage system of claim 30 wherein the non-volatile integrated
circuit-based memory is a magnetoresistive random access memory (MRAM) that stores a

media identification number for potential matching with an identifier associated with the

removable media.
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