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WD 2004/ 021350 PCT/ US2003/ 024184 STORAGE SYSTEM W TH
NON VOLATI LE MEMORY FOR STORI NG DATA BACKGROUND OF
w(Q biib4oDENTI ON Fi el d of the Invention This i nveOl/usmwo3/024184
relates in general to the storage of data and in
par ti cadopiicd @vbhem Stek a8 vd.AeiL® abrorvNFéE BDYRINGEDATA
nmedi a data storage units. Description of the Rel ated
Art Data storage nedia are used for the storage of
BA CKEROUNDOBI'EHE gNVENEIQNor age nmedi a i ncl ude
integrated circuit based storage nedia such a nmagno
resistive random access nenory (MRAM), dynam c random
Field gfthedavention y (DRAM), static random access nenory
(SRAM, 10 fI ash nmenory, electrically erasable
pThgriavemabh eclatesich genévl twaeh®styragEBP&REMand ey pstadila to the storage
progranmabl e read only nenory (EPROM), read only
of datwwvemedlard&%%%a&%@é% nmemory (RAM), and
programuabl e read only menory (PROM). Exanples of non

Descrigtiorhe Reldtbd j t based nedia include magnetic based
_#O'm'g'e—rrv&m—mt‘] as magnetic hard disks, tape, and
py di sks; tlc based s uch as ac
dbg%% e mrdja edqlssfifor\%%raa%/ Shats BIRIES e storage media
inc]udggélt@%%@d%%hl? bARA s @ragt e dMPRich & RATE P IRIVRT Xn(onrpgc%escs%emory

above are nechtanical 1 n nature in that they
(MRAMY ld'ynzema rar&bhmcexalmmmy dDRAMY, stagjc randbeit dcneps ananak (SRAM),

flash Itngv%er@f eheSiies 53%@%8@%%5%@%@%@ “L%IYB%%Y ?ﬁ%@%@% Grdsable
progrREAL retati%ﬂ 1y Ao (EPRON), Reac iy MBMOLRIMFEFafRA Ricess

vvever cost “per t’a stor age for non

memo?_)O(RmM),aanldSngtﬁmmbleyeai @ﬂy fnecrﬁmy (BROES sEkinaples bﬁmormﬂltegrated
1 C based nedi a. Accordi nalel non | C based nedia are

circuit Raged mpedip inplude megnetie pase gtoraggdaedia gich ge magnetigaiagd diskg tape,

o GRS L SRS R B0, BB s

(DVDDttankilrﬁaglﬁgtotdpﬁc mediA. Théhah ICSJa@&Bﬂador}StypesSysicﬁﬂm dbOve are
i nprove the Eer ating efficiency of non |IC based
mechapicg] 1 napuge oy thahBeYESABITOR (IEChE¢Rd OPeraBon Erh yIBliRe frdigkgmoving

atape)stto%ggg E{é&a&l data that used for accessing data from
a renovable média is typically not non-volatilely
stored in the renovable nedia data storage system
oTkedith ecdesviafdrdCriasidamedia isaypiealty: sigidfisamyeasdténthan the
such_ information nust be reaccessed when the

accessitghg (papPR [rbated megliz- dlilpieyerdhe cast pgy bibeladatpsiarge for non IC

media &Vp}é%ﬁ;‘? Qi{lﬁl%éﬁltﬁﬂless 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 a 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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BRI EF DESCRI PTI ON OF THE DRAW NGS The present
i nvention may be better understood, and its nunerous
wobjoe021350 f eat ures, and advant ages nade apparBr/U$103/024184
those skilled in the art by referencing the
BRIE%EQE%& eN aﬁﬁ ﬁ% ,( g?ﬁ%r e 1 is a block diagram
rage system according to

the present invention, Figure 2 is a synbolic .

r 6P¢ BEEFR ARYCHHOR AGNbR eter fnfdgptogd rand dtsinU SRS OPIsS Spfealyres,
and Rtk madSigpaleh Bl fosd olcficd i LM ARIRMCINAL Betcipinying
drawifilat a access according to the present invention. Figure

4 is a flow diagram of one enbodi nent of a data

storage. system.inplenenting . a cache for storing user,

dEtgare s Riack dipgiameatiap smbpadingat 0?—? gefp ét%aaes*yger% according to
mepn%¥m§gb%ﬁkﬂiagran1shomﬁng one enbodi ment of a system

or optimzed sector retrieval froma nmedia according

to the present invention. 15 Figure 6 is a flow

dFagreanisaf syabelie ndpoctenetion sifovomnd a prigeatt semlementation of a master
. retrieval froma nedia according to the present
list. i nventi on. Figure 7 is a synbolic representation of

one enbodi nent of a data storage system wutilizing a

NpiyukOd Rld fidy Hfaghds Sdwiksbi drifbodtheht JTQ ddpitorded &/stem

according to the present” invention. 20 Figure 8°is a
perforsympotate aceeps axserting todine present deeatiat. or age syst em

i mpl ementing a non- volatile I C based nedia to store

user data in conjunction with a redundant array af .

kR ORI O5F *myerrL oL8 AT YR implementing
a cachPF6S€6Yingd WNERIth BBm 4l it Ratod &vioeTbol i ¢ representation

of a data storage systeminplenenting a RAID. Figure

10 is a top view of one enbodi nent of sector |ayout on

aFigaredd giasfymboli¢ degrampdhoadegenti engbadomenief prspsfemifor optimized

invenﬁion. 2 wo 2004/ 0 13%0 PCT[U82003/024184 Fi gure
sector qtripyal ffom,a mediacqording iBEDt OGOy t he storage of

a part of a block of user data in a non-volatile IC

beisart ORI ffow HiaBraddbons leR{badndhyY of s;fmrﬁfz@@ E&btdtdedrievdlToom a
present invention. Figure 12 is a fl ow di agram of one

media@ptdingee thegiresgndiaventiani t e access according to the
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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5 present invention. Figure 13 is a flow diagram of

anot her enbodi nent of a data wite access according to
wo be4pzsent invention Figure 14 is a flow di apeEDISDN3/024184

one enbodi nent of a data read access according to the

p | : r L [

DRSO AP 5nd BrELSHER 81 s BPB g AHock o
user dapaSh @oACOLItN Ibised hiedidufashant stbrayesysicpacchiding ® thSpresent
_ is a flow di agram of an enbodi nent for utilizing
invenger at i onal data of a renovable nmedia by a data

storage system according to the present invention. The

u C iffer '

AP L B 2 gl GGG B b Bpld Bl pccardjng o the
preserit@iv@@tioMETAI LED DESCRI PTI ON The fol l owing sets forth a

detail ed description of a node for carrying out the

invention. The description is intended to be _

| Fieyss Faiafiows liagren pransiier embafimeshehn hthyripascessarearding to
thepr%;%mkﬁ%v&itmn“ ng. 20 Figure 1 is a block diagramof a

ata storage system according to the present

invention. In the enbodi nrent shown, data storage

s¥uen4lik@ fiow Hiagem of onerenlbGdiee df adaliaaeadlat2esandcording to the

circuitry for perform ng data accesses to nedia 112.
presenbaivantethr gge system 110 is operably coupled via an

1/0 bus 128 to receive frominformation device 141,

UBRHLredP & alibck dhRainn of @m%&tg‘ﬁ:ng‘éiza RAhvhol Hl?&ﬂé 8%, LiBrage

i nformati on device 141, user data retri eveg rom 25
systenmedtioadiigd @. thépeserdan@ntisn.dat a used by i nformation

devi ce 141. Exanples of user data may include

executabl e program files, database files, multi i a
abieare 1158 B8 iR Tz rsona dats of
remo VDb G b0l S5 BUS o ASCRAgRS BRSHSIAIRIFENHS L8 of the

spreadsheet s, anda nput er op profiles for
same fefdrarcaaymbols dediffeeent ddawihgs iodieatexalepdica) items anlesd otberwise
devi ce 3 WD 2004/ 021350 PCT/ US2003/024184 141 is a
noted-ner sonal conputer system and data storage system 110
is a hard disk system (or sonetines referred to as a
hard di sk drive) nmounted in a conputer chassis (not
DET I nputer system In such an exanpl e,
bus 128 is a bus that conforns to a conputer bus

sThafbdlod/irsg el fasthtahdetdilDE dedcaipdan of a mobafweatriang (bt thBE)
_ standard, or Small Conputer 5 System Interface (SCSI)
inventigng ichgdgscription dhiafendahischernttetive phihgar YepHop and shouldsot be

taken {56 lﬂﬁitiﬁg.g'

Figure 1 is a block diagram of a data storage system according to the present
invention. In the embodiment shown, data storage system 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 I/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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a honme nedi a server, a personal video recorder, a
cable or satellite set top boxes, a gane console, an
waeaio2i3skebox, a hone security system an autpemibsi0e3/024184
el ectronics, a personal digital assistant (PDA), a
1100 B o PUET 0% SR DA o
sometemeofaredits as aharidrdigk drave) mounted irc2 caraputedhabds enot shown) of the

eaker di spl ay, headphones, m crophones or ot her
compREy PYSIET: HasUgh ?%ﬁ)l%rbuﬁﬂ%%}sc?e@s (G EPnigaPa (4 RBRTETPUS

sanal850 PSR RURAEE e o UL Sh oyt
Systemrinteefades(S CShxvatdarhtIa, othee dmbodlﬁ%nmayfdrmaﬂlmd&wimi I4Ilph&,y bee.g.
hard _di sks, or other types of nmenory such e. an

a hOH’S;S’P‘?"é%WWEﬁ%@(P“ﬁ%é“%geﬁ@’fdsf deble og@%fﬁ%fesea&n es,@grgame
consogegﬁ%g ul&ﬁ 3 l{?%tseblﬁ'xtygfsq (]]zi% a%?orﬁébqgeel%ﬁtoﬂrcs %Qegsonal

on o ove

digitabiseisage(Pys), e padetOa wbﬂmﬂe Sanawdpliyel, Seeatrehokdel .
Control system 111 includes a processor 116 for

commygications huh gandedigitd catmesn [ppthesembedineaeansipderamption device can
be a sgéa‘ﬁ&eg‘?iﬁglaﬁlﬁead hon%? er{n%pclp\é Ig’é%"b?loﬁw%r péjﬁ‘\a%gtﬁlzte or Prowdes
receive 'user ‘data from | orna ion ce
user dddhktoredPinakessoragd $\stapi 0V).des Vi a HEAD CONTROL si gnal
line and anplifier 119, a head control 20 signal to
head actuator 131 to npve a read/wite head 113 to the

aPbthg SriPagiencnt s o mediduh 12 ingludesragiargydigh for sheringsuger data. In
over SRR s 1 R Rp TR 5 B Bhe PRt o

such elgl 4nfopticalrdisk} @pd)infggnewt @ptic lMag@tdealce Cansly atter siR@RGhat is used
Processor 116 provides data via a WRITE signal |ine
to storg glgtaa i samtipationofithe tyres ofaaegiabstedabpysd 113 for
witing the data to a specified sector. Processor 116
r [ {
R%%% slycgﬁ € E m 121@ J'x Iﬁgérs A g{rg n%gl:do# ﬁsys Qro}‘ %}%iéﬁll 1 nﬁludes
a procearsof ubefor aorpfcﬁ@rlgaﬂhib wperatiyn d2dutd aoragé Oyskdig lm OBfoRE8s6OMI is
processor 116 executes to performits
0perat8b é?la?tl%tﬁ?us TR seprayidglang recpiye upe data fregp |1mfoap§ircadeatcg 141.
UL S C
Procestsgrah rlggﬁ@ﬁ Vi %I LS 'glﬁgt,g%lal fuﬁ: alnlili Ff‘nsgﬁlfle? 119, al__heagI I;:%ntrol

signal 10 hé&dsmtuaafr het td ypes a edad/vilark Aesd DlB&@thSé([ﬁir@[iﬁatéT&é(ckhﬂ' media
configured to inplenent the teachings herein. 4 WO

112 fop g gata@eaess 0P pegsssbiods oprayidas a mekrcentrehsignahyipMOTOR
CON”I*I&‘J‘]IJ Flgg §q@ax€)@ﬂ'e‘f‘ib§% gﬁrgﬂg F%t(é/r ﬁ%?ﬁ%rﬁgltntz{m% IR abllrlél ata

ocess one e

constaﬂ;ﬂ@eb@ PidpésesEItogsiovideadutd fakaw R@TE’E@B&MH}%%B anip¥ifier 120 to the
MRAM MRAM is a non-volatile menory that stores data

read/wiriigyhead; Iddifes writpg the pRiaND aspeastigd sectoe Begcasser bltereceines data

from tW%h adalI era | my&} o erglrtbi‘:lgglrlgn,ﬁ%)&t%gsystem 111

includ¥$d prdgfisn ﬂx@m@f}elﬂ&‘ﬁ)r kddang ﬁro'érdh@bé& thiGrbc N8V 6 executes to

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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is progranmed by voltages of |less than 2 volts.
Accordingly, the voltages required for powering the
we@b@meh2zism c conponents of control system 111 CBET/D82003/024184
used to program nenory 126. In one enbodi nent, nenory
1%4ntr dsyélti—?ﬂ% /] ?ncllgﬁ%:s%ng)gt\%‘ij t ltheH)?ﬁf%thé@%%gérgf)@%gupled to

n ot her enb ri'es

proces3b€l IGTFIh QHE BinB6dihient, A nsa @26 BMHplenddhtal ihay ICIbasgmemory such
enbodi ments, the portions of the array allocable to

as MRAM. MRAMhis ansmorajatile mempny th&éﬁﬁﬁey datzenmytl%lyv A it MEAM

T B R AL LB R,

data il @€ MRS may BIRREETYMALE by |v61t§’g'é€ no GrAGHIthEN.5 veIe cmsaqmzAM
116, program nmenory 124, and nenory 126 are

is programimsdbytveliages of lest thag i volty. Beeardinghethestobiaggs ragwireg for

t her ectran devi sho C I
powerlg e feCeni o RborHley EM SR 43311 SF KEesS i BRULAS o
126. In"HAB eHBbaimdne iemdsry A8 dnd M26TBERMPlehdtedin tﬁmh@ﬁndeg&ted
typically includes an entry for each file stored in

circuits tho othgeembeldiznents 2meiBates it and 120 e imepdementied prihie rsamq: memory

array. Jf Sipe GO o fte tERisEs of F 755 afbosbi ouhP loRfant efiory 124
and mEMBROI d6GniERy @a?ﬁBfleuhﬁQ thf opRrdiRdf o€ the §t(§ﬁ%@§y§tehh enta@Bther
surfiace of” a hard disk surface illustr

embodimanty the rodstérdiat miay be btoredaa vamabloloaitions én memﬂ)rjo h2@ Inand

embodifyERs pECEHsCK | s PRACAN S LA a2 T on o
circuitg)ap@irg thdoy al@@%t@oth@f‘ge%ﬁﬁ Joviceh pio? gh@\bnﬁ(ﬂ‘ébﬁﬁol system

sector 2 and sector 217, respectively of hard
111. di sk surface 212 Sect or bl ock 206 shows t he data
stored at sector 215, 25 sector bl ock 208 shows t he

t ! «and g t . Dlock 210 s
t Rengie o By s B R BRds S ARTER" sBiEH BigeR 126° A
mastex( 120 @y pi 0§ in@idks 40 @htry ftﬁleﬁgﬁﬁle%td?é‘@ﬂesﬁ@rage 11%@1‘?1"*1 IQf EH@r?éntry

datd stofed at that sector sect or bl ock
includgsiik pipscdd lavatiorDad media, 1 12 rod tla: aeanor stpung th@rﬁrsttlﬂactk of data for
ha fl ncl udes the physical |ocation of the sector storing
that filehe next bl ock of user data of the file. For exanpl e,
the tail of sector block 206 includes the physical

I p@aﬁel DR aQfymbBEc fegﬁets@ﬁ tat?dPof3Pmidiealyt 8APhE SoPsiRfke BAI Aard disk
5 WO 2004/ 021350 PCT/ US2003/024184 To retrieve a

surfacé illustrating @k xemptti @flhosudatatseontentionalatteored 00 ragged disk. In the

oL BS IR 5 B S P SRRSO G0 TSt AR 4
labeled bmfA SO A ABK A DAUSEEC, daied af AR DS, sedidE2P6, %8%&% 217,

t hen accesses the data at sector 215 to obtain t
respectisey of tataliskt sutfhcet 2120 Serion blagk @06 keovhips idaetal stdrcxd:atsccmr 215,

sector %Ioc?(%% o{nows the gtta s\tA(Qei: Qt steptgr 5‘ leg( tanc? lse%%okr b?gck%%rshows 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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5 data (DATA B) is stored). The physical |ocation of
sector 217 is located in the tail section of sector
whb@al2B368, which is stored at sector 216. An POTDUS1003/024184
f|Ie (EOF) marker is located in the tail section of
at, sect

EEp oYt e eAp Lo Rurie 20 S E g pitseRhE e a0 s

accessE@ﬁlaLtélsﬁst P05 td 84 o gl@@i"c@l l%atitoh%f fid Retol D15 XBMBE tHeCﬂr’étl block of
di sk systens, the nmaster list is stored in a

user d&e CDarTA( A). The g))ccsﬁor(th@ actesshathd ddiagdt seater 2dPde pbtagn the user

f d d
s oG5S R e Y A S o e
data (lﬁﬂ?Al BFRkiRe f)Ofl“htﬂ: BBysidal Rlca®&Cfkctdl 2CKisQbcatdd it thatad section of

When a new le isswitten to the hard di sk, a new
sector ebm'ckyZOB swhick s storeil pt tehtor ARGt @ ¢ridsaf fila FEORemankar msylocated in the

i e 023 S PVl LS 9008 41 SESLO 15b0% s v

sector'Eld%ﬂrﬁo:l-mcl@@egft‘l‘l’eslgst%ﬁkﬁquflda&toflsl?gﬁléf data stor age
system 110 is 15 stored in an |IC based non-volatile

menory; the access time to the master list is
sIngmmqu:rUmntal lyard disk gysteind, thet thagtertist & sgired ima secipsder mote) of the

o B SR SHESREE Gcl  B A e o
list on/tE@E4rd AR th SBMIAGE BtatibrPoMRE Girdisédforlbidek of File idhiaOWthdrya new

because master list 127 is non-volatilely stored in
file is weitten yo th2tard diek, meswemtilyiisereated inathe orrster Gl | Bheaemr antiy

ntadd b T SRRt oo TELBE N RISk LBt ey

disk is reduced in that the master |ist does not have
t RefRRiddck &Y Bigurd 1, 9824088 phastbSikst 127 opBsta bld@ke Wydtéhano is
back to hard di'sk 112 with the entry for a newfile
stored lim alalﬁl based m,on{vptatldmmmyloryn tHeaaccesd |t1gk3 tg yly:t @m;er lisk&s si gn1f1cantly
st ored .on

reducega P ]dgé gardl 41 sli rgegepgtrbeoq;cc?slq%& waz}caesa In%q%teﬁ g Et Acclérdm gly, the
accessqgﬁé HR0S e cﬁm(gﬁﬁk% RBLb helessbRe le§§ ch@é%QO %Xﬁ(ﬁm 112.

becomes unusabl e. sone non | C based nenories
Additiprally, béanse aiastér lsysB’érsmoﬁsxodntlldzlap@r@hnmemqrstléﬁst)ls: ntakter list is

cha ces of data stored j|n non | C based  nenor eco .
automyay shenties i et 817k R FHEECKIPONE SO8Por BertHepts the time

for wr@%%%emrtb G3iskY§ l:bdﬁcsedQH Qhat & W lisfBHR MOt have to be retrieved
sequently, using these nore reliable nenories my
from haedkdisk &2 dad thes pwittag backstpdiaahdisiol B2 weh itkbéngry for a new file.
Additionally, in sonme enbodi nents, a back up of the
red on a hard disk as

N
v rgmfc’ytafcgﬁ%gg FaRE o Tienn e PRUSHRL P SRAPT arshctor of the
hard dﬁﬁ%h Fhoe I?“@He%@{}é{ &%ﬁ@ﬁ&d%ﬁﬂﬁé&?& k&i%%%e%fltheh it erﬁ@é/dm

store any l[ocation on hard . Al'so wit
storagé kysssn beﬂnmhs nmngable. PV okt ssrmo non IIﬂBasafdynanmmal(egtﬂaed disk systems

backup master list with the orig list for errors.
or tapw@m%ﬂgmsb the ¢hapegs it Qg@amr md‘r‘i’@qgrﬁﬁ%"cﬂ MERPTYJIECANY; o

corrupg%g? ??eg?e‘f‘ Er%qHQQ%f Gk Q@re%iﬁ)ﬁ S BiNed niRAESHels Aech éggkgg fah QMR AM

ure 3 Is performed by processor
memogX eCattsequ@gndpdeing these more reliable 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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5 stored in program nmenory 124. In 302, processor 116
recei ves an access request frominformtion device

wdad4d4/02 135804, processor 116 determ nes whet her P€ES2003/024184
access is a read access or a wite access If t he

access is a read access S acc
s i st P YIS Ion P TBHLTGK L5 A B0 FTIE IS RGO PEreessor
116 rrfag @orﬁigﬁréttheglﬁﬁkﬁ’ﬁ mab@f A iaheoRbinhiNGst Fateed.ed il ed.

I processor 116 retrieves the file fromthe

sectors of hard disk 112. If the access is 10
dEigerend isexflaw disgram of oneecrehiodisnentiof a o, acerss eeepsding to1be
f h 3 dat
pesc SRS T A e SEREEE L P S BRLS B g coc
storedelH gf Okrth nf%%rg 24 | §f 3020 BrdcEsbM HRSrebdi Gesinyazt &8 request from
at1 on ard di sk surface 212 of the first sector
1nf0rnun‘t10h dedcdilék BudOdaprocessor blibaletemmings hhsther gfe agegsa i read access
the fl|eﬁf sociated with that entr

or 8 AT T B GF<eh AP ELEISES PIOGITE YO T80t RECREB PRy lst 127

in me}nb\?t 12'6‘9&5 finA¢hd BRa®n FthdftspsR A sRin ddial dfIRSBte gk ff18d. In
e entry. For exanple, referring to Figure 5,

310, grdrceswnﬂi@reﬁﬂ@zesdre fela dtonf ithe sedtorstofi bandedisket 12, |L§the access is

i nc es the | ocati each or ori.n
determypedif e TovTie e 17 20k SEeeere | BRI B EacGeat 406 and
updatdGh{¥ér 1is01 2 fjeJpgenbodi ments, processor 116 may be
configured to store other types of system data in
menory 126. For exanple, nenory 126 nmay store lists .
i Thethe iekamplg of Efgact 2. \eacls enttyorfanasp list 2Qfeinic kdasithe physiqad location

on hadepdgiroe: S 2Re T e S PR wtorS L2 pEARE ptocRr daa of
the fil€ Q%sgiitaﬂeﬁ ifERLOERry( FRIVRGES, YsohRCEMbodiMbRs lof HHeSrtdeht i®Vention,

I st of copy prot ected sectors and/or data on
the maseliat thaP incNelewmther 126 and/y)r addworiad date fidr agoh &tk ¢ndrys thor example,
read/mwvbg channel para uch

: ..g. d [
referrigg ip Kigp Bt OUOE R T indhg mAFgr Hﬁégcle%ig?%ﬁ?é?on of each
h
sectorggJF@%ablgcﬁ( St %fqm fg& 8le tweﬁéusefon%f%ﬁ@m dakRw.

i ng upon t ia type 25 of media 112 and on
how data is stored in nedia 112 Storing system data
i i atheramboglirmenth,eprode§sdrdd e chaybrooyfigmebiossors other dypes of system

data 13RO 12 HF S NBP BupOmeBL BT, 1 bk e fSiEE delelfyq spctors
of me@h 148 QTStéj@f’ta@aﬁ%lf %&@5@ nﬁh&rlqgehﬁyﬁfeﬁmylﬂgoabfy&llvefswt@rs and

menory may al SO be used to store user
substitusceictoedf ok tiendefeative sexadrs Gadefebeive sectdrdkhbstittiel llSESI),nEgld list of copy

e g e T T T B B 2
read/@t@ Eﬁzgl%ﬁlse(az&gghs S0 g Q2 %&lﬁﬁ And %@yﬁm%{&gﬁﬂcﬁ‘]&s e.g. torque

I gure ow di agram of a net for handi ng
constaﬂlﬁst Mentoe 36 snayere othepypts afisysaémniatadepeddifg i ulson the media type
tilized to cache user data, |n the enbodi

of mefh.ad&? ndron foyydlafa ig stogedrinneedia blede Syering $Y8HATM i1 Gt mv%ﬁolatﬂe
IC bas%ﬁ\%e%?or}ér}aﬂlec‘s SARE GlraloP s TR procdBr to MR quidkly RRES thSsystem

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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request for the file, the file stored in nenory 126
can be provided to information device 141 5 in |ess
wao 2ove/otisan i f nedia 112 was accessed to obtai nPETES2003/024184

data. Referring to Figure 4, processor 116 receives an

agcess, reauest. fromi nf ' i ] .

A TN ek B LR g P afifistios Mhert fortion of
memoff EBSS utiREQCOTatte 1kébdatsh s ke entbodigenit bf Figuny 4, alider dasa file

full in 430. If nenory 126 is not full, then processor
received Fomyinformstiomderder t4ds plorssl ip aeenenay 42¢-0 Thepdf (heeis a later

[ 0,. ry 126 i.s deternipned to he - I
reques; ot RGBT 166 afbht Ta B pepeBfich? i ke Bl 141
in lessttBnéVtah & Medih [1€2 Gidb b&sebded to Sbi@MaRe ditamenory 126 to

media 112 in order to nmake roomin nmenory 126 for the

received data. In 434, the data received from .
i Retsrming todigute ¢i precesaar 116 ragai Yos @R apesshisqpesy freppinfermation
.0 xamml g, the cache.cleari Lgar.j &
e [0, U e BB PRI QO LT ki 16

checks fo8se8BCthéndd A 26 linfuainatiter Ifefgiackiym6ts nétifell cdemprocessor 116
clearing algorithmincludes 15 renoving the data that

writesvim434 tegecei wdalatd tp megaery 12folfHe A3@ memory [ 44 isi degermined to be

al gorit hm woul et [ % g1 j | fe
rn, o4 384% BRoLE e blr QB BBl ol o s
storedtii thetdry 1264 fo médRN &2 irpérdet tdahakeREGRGN HiRBTOrY MG for the received
teachi ngs herein, other cache clearing algorithnms ma

data. Te434, theldetmemeadvkd fromiinfonmationtdeyicaddésswriieni mempryel#6. In one
cxamiyp BEethd B B85 HorR SRR g R LGSl Ml ey memor

Nenor y

126 tol the h28ial 189U &S h&Ah&thdbodfndPURE cdche BRARAY algddhim fnoRdes
the requested data is retrieved fromnmenory 126 in 422

removangithp detaitltks avas deastieogniiytusesh  Aleetherecagheicleqringtahgorithm would be to

remo hEHIER Ha ST s 2% sk WG B RO, FB50 ot im e ar v
appredi&té %}?a‘i’,tlﬁﬁjedi?foﬁ thé @ae | Rretd, dthdrRadRANEIg Argeith fiEMby be
processor 116 would determne that a file stored in

implementedh 112 25 has been frequently accessed within a
predetermned tinme and would wite that file to

nory,126. Thus, the ti needed t i d t fil

TBTR 4, ot TdopRantd Pratieas seetyPESHGT  eiegk! %16 0

see if BY réERRALMNHatd $€EacHEd @ théméy 106, MARE ebqiBHB Yatffs folifd Hedhamory
storage system the access tine to provide that data

126, them theraqnéstadndata sretdievédomanenaerstlR§ in €2iasbprovided to

) F ) . 30 il.izi - vol il f .
eron BRI e Bt 0, B bbb TG
416, tREpro&esP rgtgifgéésqgé ?é'ﬁges%?gr 4ddoRBR3LAR418%4 saved even in

the event of a power loss. Thus, if there is a copy of
a file stored in nedia 112 and in nmenory 126, the .
cbpanodfer embodiiteat, iprocesseoi {6 waeldwstgrmintgghatiefilmstaged in media 112

has beE:t? ?r%&ﬁenﬁ? %Xdessed 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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thereby elimnating the need to determ ne which of the
copies is the nore recent copy. Furthernore, utilizing
woromny13326 as a cache for data wites enabl esPCEUS2003/024184
storage 5 system 110 to execute a succeedi ng data
saved %Sgnel%§tlgg\;e%f gfaﬂ ?(N'éf lggst '?ﬁusaifqﬁérg isM &&p&'of WL sS00MEn media 112
conventi onal "data storage Systens, a data storage
and inSH&h 6 IQ8thB @bpPsfate fite ia rakdheryd26 eamildbd the neore eabat copy,
wite, until the data of that data wite is witten to
thereby jedimieaiing theesd do detamaing vhich afdheicopigsdk the npergaEgeent cqpy.
a portion of nenory 126 is utilized as a buffer for
t i.l.e tep
ol PR Ll g o s 24 RO Ry B Pl bR ot storage
systentl &1 @tonxiet @e aRBudddeding Qath Becedainareajuit ki aftérrasdataiatiee. Wikl €ome
is imediately witten to the |1 C based nenory 126.
convepiben deia SIpEESSYStamE 4 datastoigae sXsfea FANNOLBHRSESS, 2 datdagestsafter a
| i 1 . . :
data off R} BtBite dalu L b RER YD cHE oh I bR edi e g, hard
disk). J96®e RO 8 boRiIdh B nichie126is ubitized geniByffdr forvthé tataadatte, the data
stored in nenory 126 to storage system 110, and thus,
storage Resteia 40 eanexepdte wspeandrlataacaesd iimmedintely,aftesghdatp Yaise in that
f n. S . .nfor I On. ' er
the Gy of 3B AR AER Srigis Rl SR FE A HhescamemBClaty Because
memofE Y ¥ ahdf-wldtildiemory thedakaddth Wotld esRinvig @ndni®@126 even if
I nformati on device 141, wherein processor 116 would .
powerggFamagvierd dronydate stopage systerp 1P Ascardimgly, inespmeerpgdiments idthere is
112 at one tine. , Accordi t he power ns d b
no urgb iy Bapf Gl PR A0S0 sl e RMER 10 FRIRSy jilaata can
be wriRM&S me&id Uil 2 Adrif®periods 6F fibn Weckdstydhformulidn dmvecd 141€S
may be | ess than the power required for nultiple
single wites for each of the 20 files. In one
elboberresrhodirents, iy daiestorage arstane woytd @ehaig momewnh2ea number

f h. ah [ h f.l fFi , h
or aact R B FrobT farnifin et FAF b inbtBes g Po i peform

write Bust t6MGHE thetfllad totMaRT @isk $1Bhvghy Sindd eAtidtEnfyf the howPecssumed
avai l able in nennrg 126 for a data wite. Thus, if an
¢l

by the haecbdisk systeged E} miay bel radgcgskinghat sheapawar requingd 4qi4a burst write of
. 16 d i di I 25. i. he d
multif RS 579 he 1o A pal e BtcResde mininlf {ibfe WiRel B fuchof the

files. 1N a data storage systemthat includes renovable
nmedia (see e.g. 1512 of Figure 15), the data stored in
menory 1526 (see Figure 15) would witten to nedia
1Bnonciembodipenide implemenke waise buftering spstemseicforth @bave igto the

2004/ 021350 .PCT/ US2003/.024184 Referring .to Fi.qur

flow ol SR, AT e LU R AP Aotired 1 152 e R snbglieg o

ensurexhhit@Béte ICARAFs ARGUAS buffféraPhdeivailifé irdMeMeM 0% f&Ad di@Yvrite.
al so be buffered in nenory 126 to decrease the tine

Thus, Hewdeerst brdetdrmineddel ba g detasvritRen 14, ipneressor £l §wowldimmediately

write the 4§ta 2 ?ne(rjxfor)l/'I $5f data may be

If the method of Figure 4 is implemented in a data storage system that includes
removable media (see €.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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stored in a plurality of sectors (e.g. 531) of a hard

di sk surface 501. In the exanple of Figure 55, file
whid4poncbudes 6 bl ocks of data (521, 522, 523, PGRUS2003/024184

525, and 526), with each bl ock being stored in a

eren cto di 501, e
oRGtoE" Sblp TECET 5 o Y sty BB g agia R P ERIRLE o  ead
accesdrequestrbm iaiRatlod devedeOr4aafaysalss &Hﬁuffdrétﬁmbhélﬁii@ 1055 to decrease
data nay be stored in non consecutive sectors of a

the tingg néeded fdraberend gedess. rReferring selFigure ® aHdad19 ef gser datgynaysbe

a data stora sst ol ve b d
storedin e AT YIT Srrs ( parb O bl eV B bt Bygmple of Figure
5, fue@wnm@es%q%&rs o533:ta (mh 5eh 53805255 sthend 52631 with esdh Wck being
data 521 of file 519) is located in track 552 of a

storeddn sidifferefitseetor 80disk Setace 505 3Bor(example, Blogk 821 tsragorsé srosegtor 531
. bl ock data 522) is located in track 551. Sector
of dislg st ﬁﬁbéh stores the third bl ock of data 523) is
| ocated in track 551. Conventionally, to retrieve the

dsigh {odfie ddta Stofaigt Systeind, BRCbIFARbf (18anaylbkIord®@H sbrld®nsecutive
required to nove to track 552 to 15 retrieve the first

sectorppbe lisk surfapegp@ringa sadivgite Bead (etgh &3 )b aalatastenpge KyseBIto

move bgcé{ %{drtlgél\:é %ettgv:??gn it Zt}pqﬁg\a}cg(sgg Eei?n?vel&p? é%tﬁ Egrzextample sector 531

(which Sofes@NeEfifshBloblbf Gatsl&t Pof e 3aY) 8 2ctafldah @dcik P5BEC @ikk surface
53 Consequently, the retrieval tinme under

501. &@rdreﬁstzmwhmh stmshtbgsecon@ylogb of datg5A3) ie lesated in Frack 551. Sector

t
533 O T e Cheniie bRk L8R8 s Lo ein P B0 ST GoRREGanaly. o
retrlev'erlH@Hith 0} thidRi1€ HEBAd 1dll (@% angl Wouﬂ%&eﬁﬁﬁﬁotrﬁbve to track 552 to
optim ze data retrieval In these enbodi nents,

retrievgdheafirsahlogk S bstoreshin gedtor 5;31ntb1nn muemtradd 59rtdeetricemthe second

data bl%ﬁI( é??rgtt%lr%ﬂmégé}o 1&%321 arid ef ]?rg)s'f: el nlgapac’g_\éiag ‘f(gregr?eveﬁhe third data
block 55 §8re8TR QelibeyBzS ’CO%‘E’&f&exflt'l)i %eer@&fe‘:(/al(tﬁna und®$ @dnhtional methods

master list 127 includes the location of each sector
may b¢ &engthysBig o dfe rdowkneauoff aed 5 (elzgal 1 Htbervesznarabkodikingfa read

data of the file 25 associated with the file entry.
acCeSSeor exanpl e, master list entry 520 includes the

| ocations L1, L2, L3, L4, L5, and L6 of sectors 531,

5@3}b0§1§?®ﬂt§§4he présent ARVEn@RPimpIGRAR Ghi (Yfedrbler dafhcxle‘a'&js' t3%ptimize

| ocati ons for each sector storing data of le in a
data retii¢ el Gmer Jn dfesaembadiments; data may be aﬁxvmﬂargemumsgqtahwwmer

d . . .
and b R B PR bk Prraitiado TSt Qs 1L Referring to
Flgure fq, |1ﬁthe§@eﬁ4@)cﬁ§1@ﬁt’s 021358 & W(%Z%/o@gﬁ}t%ﬁhstﬁ?g WhBudes ke

| ow di agram of one enb nt of a method for
locanchmfablaclngpca)rcdagaS Ho otdisk byrfawe Gt ¢has Btor@agtdalsglectfeiatat dfahe file

i mpl enents out of order data r tr| ev
sssociiyPBARBaRS Hleriyy, EOaEDIS R TAATgye 2D et thefooghons L1,
12, L3, LheL3 rAMTieYrQEdlsisan, s5V 595 534 13N eh F8¥eC tdthagS ely Fhcluding
locations for each sector storing data of a file in a file entry of a master list may

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

time needed to retrieve a data file.

10
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the requested access is a read in 605, processor 116
accesses the entry of nmaster list 127 5 associ ated

wowdoh/0rt3so requested file to retrieve the | ocat PONESIN3/024184
the sectors storing data for that file in 607. In

CRi odi ' : : :
S rEFROENE Mhapr 5P of ehloc B bt For Hfalr 1 daga acces
by a dahistéragadysem bt BBEeRE6itdf ofdep datagetélava. Of 603)6vheh Ipfocessor
associated with the entry. In 609, processor 116 _
116 regeivesa dife apessnraquess fre fgle fiom informagipn dpeice bk idsdetasmgnes that
e e 30 g0 RS ETACRb kR of B 129
assocRi@defitH the Rejuefte@Bild tdRELrie AHhe |vaBoRkegTané Sattors BANE Bfa for that
~operation of a data storage system.in retrieving data.
file inpef)/. & Brperabodinent, sapleentry iy Bxasteiolind |1 2 &y dmépste eairy Seaef Figure
. it.takes r ine to nove from tr to.track than
5 in i B @ R oo P e e St Tt kg P e
entry.0ne schene would be to retrieve all blocks of a file
stored in sectors of one track before proceeding to
the next 15 track. Wth other conventional hard disk
sy e@hprocesser 1 1 reorisdbeilocafionsfagdbd2hebesedorsre gof31as532) to
track is gr than.the tine o travel a,require . .
ceterrpnE i ob ol sty i e iy it e i ufB i
a optiR@l ateeireiERddat G@bSl tHieWpkratibn 6f Hekta fsﬁﬁ%gérsyétgm in retrieving data.
determ ning an optinmal route may include the position
For exgmplt avithy somg/ apniensionalduprd disky systenss, itgakes mere ¢imi toknamedrpm
e ad request .i.s receijved. ther factor in 20
nack {odfagk T R AR W0 leTont SR & G5, sk BERTcoGpngie would be
to retrétve Al DIk BLa HYSHEBY iMsdctrsf RHelthoR befdee prodstIRied ket
to an information device (e.g. 141). In one
track. eWitb @ithres on ventienal bpwslodisluzysiemsaathe tiopstiesil tatdtan betsteeneectors of a

ok e TR A il 5 T o BN PR SRS i
rmne@@M@t%QQwEQQHQQEQQdﬁggghg information device In the
enbodi nent of Figure if read/ wite head 113 is

| ocated on an outer track, the 25 data storage system
wdaper factor i dateinviagian @ptimebrogie mayiak!ugs the(postjiontaf ghe

s B ST R g e B0 R 5, M Sctor
detenﬁﬂﬂlﬁ_fa%%bpﬁmaﬂ&t@@rtﬁé SpérfonF dVataQborded st inl tBYSRring the
within a track woul d 'depend upon the | ocation of the

requesteshdhtavro anainfremdtioldevieneey 141g. finend erabddiment, treebjective of an
optimZAeTyBemers Babinirize S/o0hu5e 1o g Pueed Gfufosts
informatioN@:-ALOHORA RS Bthe R/ R ESZRD RO E 8 d l%etfh@ _riﬂfbﬁﬂat%cdév;cg

Figure 6, after a determnation of an ‘optinma
retrieval route in 609, processor 116 in 611 retrieves
t lnethe ambodimenhef Fignrst5, sfgeaddwritsfhenthd 13 subeatethoh bubiter tsack, the

the data in ry.126, in 615. Fo t&e retrieva
data sipgige ST Wopld HRLEUEE t e rcR Y (e Hie o sepiaes 532
534, aA@685) and then retrieve the data on track 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.

11
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bl ock 522 in sector 532 and wites data block 522 into
menory 126 (see Figure 5). In 615, 5 processor 116

waledogomsnes whet her the data in nmenory 126 i ncbPames20psie24184
data bl ock that is next to be transferred to

i nf ormat.i o V|ce 1 caus t t hi | e, .
 Befeorime ek o Fieuo. e o SRR Ao Qi By JPRREAn 601,
proced36F Pﬂﬁﬁ 6l @etﬁb%%tthéj@ﬁt@lrbﬂh@ Eilfst 3ectoFEShd Rlutdd@RIbuffers the data in

transferred t informati on device 141, processor 116

memogp &26 nfdR- Fcor thnetm@/ai estukd ey forthraborieaPaOqEBIOs d K6 Gipst yetripymdata

h
e S50 S M e R R P (R ED 1
processéP1 I@E@éﬁﬁr?es viHeenek iHedatFitrRerRbr9 A6 dtludea she \@ita BlBEK that is next

retrieved, processor 116 returns to 611 until it
to be tratsfared ¢sinfdromiiop 2evite bkl . sBesanse, B3his tipe, mﬁr@,orw ilae only includes

dat 3o bi%g( 522?36161 bgfzxﬁgp 312 f’frﬁt a:-’blgél? g%]elgags iEél trabsferred to
mfom‘fja%toﬁ IdBLiBe$4 'ﬂ)%cegsl&? 116‘?5&5 vaat & d1ae lfetﬁ@?elt}lctd@tal@lock 524) from

transferred 'to i nformafion device 141 is |located in
the nexeseotoy inltA6 route (se6R7 >34)aand thrnquieesdsi toj &l 3tte awe¢ date dtpck @24 into
i nf i on i ce ssor, 116 then oes
memop | £ oEBon B ds e ash SIS pibect et et DiBssonf fiferurms
to 61 1t lﬂltlkl)?t rE&@Vecsflﬁ&fkeﬁ l(fg(ﬁﬁ Reddbrosd. 24 s kitne, Bath bRIcRSIS2N 522, 524,
mory 126 and accordingly, data bl ock 522 is
and 523 ara sfoeadrie dnamnrﬁ 226. Becadmgly, at 615t piosesgspnEl 6 ddtermmesstthat the

dat a be t ransf er [ [
next QBRI SE ) 10 Be GaBAEREbIe Mg meich oo TR PEREAdT Rl 126.
In 627d ﬂgﬁ b%cﬁ%&l 53@31%?&91[&%@ SifBimatdf dafide ‘1\411 t %CQSQM‘I fﬁtg@n goes back
. Because 1 n 615, data bl ock
to 61552&ré ithbtentﬁ)ﬂes Haodie rieat deta bhoakleﬂmtrzmslﬁerued (das blagk 302) is

nmory 126, praqcessor 116 then s bac 6
bufferpd 1 EpeD) Qéandes%orfimsﬁﬁ gﬁée B@Fkgggls tf@éé&f&@én éé% cHeagse. a
i i, Vel DT 2 DRGS0y bRED BB P g bk
to 61 IreFeiovdde hbocdasa H3dk 5Z2omaados?¥h adevrtesblock 5SA®mye ynemory

,126,J§§ocessor 116 continues to | oop througg %5 and
126 ingpt3. Jesause in ke daeieck g (5166@%%‘)19?1@0 her tgpnstesier big nebin

memor n&% ﬁ%c%%?g ijgry heft [géAﬁ]be{‘cF t(ggf Ct%sf e%ts? g{c])g?g%? i fn6§|:§vor 533.

Becaupé BR)EIS S28 ishbov gassmody IQEQproW%ﬁ)‘re 16 hiemasefead block S2he
bl ocks for the file have been retrieved,

informes9n SEYen L46h J5edaHS GRS FETTHTIDE RCKE S JE e 6 4reilpeyin memory
126, pr&-t%Es%g?lé nttl%m:sg@yl n@% H‘lr{)]l—éﬂ 63‘;5 qﬁﬁ 62y RfgreR the %m%nn%rb? ks are

r ev or exanpl €, processor

transféPdd tBenfBf@loaaERitet1a] ietucc@¢®etonder. At 635, \xd&tnmohholeldamf is left
afile e.g. 521 and then buffer all of the bl ock
to be transtereed, praceseqrtldp LoentorHE, Bhers hpsayse alljof the blﬁ@msf@t:&hé file have

the first .dat block The processor woul d then
beemﬁt&etv%&t eof{ef%@ﬁenﬂaw@g the sector storing the next
data block to be transferred (provided that that data

birpétker ehtsoditAénts, achtLdorape $y3@nt mag ktiie dther tgstadiout of order
storlnq the first bl ock) and retrieve and buffer al
a

optimglfretripyalywgtberts4 Fop exmaplp@reesseyd 36 0wy pgprogrammed to retrieve the
first data block of a 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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the data blocks of that file that are stored in

sectors of that track. Accordingly, under such a
waelvgne13so ead/ wite head 113 woul d retrieve darer/szmms/ee4184

track once per retrieval. Also in other enbodinents,

e B G 808 B2 Bt

schemE hx"éﬁd/\v?l@é KAas 18 RulPedtdvela@ffroth b tHEIE bideSpee Bttiéali Algo in other
data of a file enables a data storage systemin the

embodimooid] thre data afiayftieduffered in enothen tepasraf nzamash sudr assr ¢ &R AM or
retrieval. Because, the locations of all of the files
SRAMyre known to the processor, the processor does not
have to retrieve the data in successive order. In
OPRRIdiRNH BALEERN: $hat iftfudeB sHeAbcdtios tof allBYctSik @bRtaidinpedata of a file
information to indicate the | ocation of a sector
enables tagtatasgorags a/steormaher ¢mbodiment afFigyra fpp énplemesipangout of order

retrievgﬂblggpiagsr%n %Hﬁ%a? 19ps (Pfe agt &r&ﬁgﬁ e%%l(l:ﬁ nné)&x!ngtlog% rggffftsé)g fhe processor
does n@%’fi@%rto tdiBt vt thodhie &t §utBesdsVe JAGHYD &I otBbr GRtUIR@Biits MBe master list
sectors in a track fromthe sector associated with
may smotmotheonfnnnhwattoum«rhcamtheylocaiwm of @ﬁ@@pﬁst@m@mmr\ﬂeﬁle For
| ocks of ta of a Thus dat t
examily 3 ARG PP e by ST OGO RS LA ERQ S RC bR may
mcludL: 'a%Bn&B@ﬁveamﬂﬁ&H BeRfinGPRHRAHE hiib&aFcBRR i %%ﬁs in a track
bl ocks of data for a file.” Accordingly, 15 such a
from thesdogor aksostatadowiithlthe sactai mcaimnyenméh@ eoniain qooe@ptlbmblocks of

er track for a grou cut ord
data of Bl T et et B RoRos ec 010 Suid FatipPhE FoR e
masteC P ehft Bt 'H)ﬁ‘secﬁ{%rse%ffﬁnélﬁﬁé' Bi8&ks for afa it LfiRtARBrdingly,
device T4l can be non- volatility stored in nenory 126

such ai masperdist wbmldroerﬂuamsmﬂy] end sector ddcation fieldger fraskafios a grapef
ef fec ely" rease the ca of the of the
conse%ﬂewr%%efiblo lfSo‘P%aé RENSECUBYP %—%08%5 %{ % ¢ fidhs a

symbol ic representation of an enbodinent for utilizing

BRI ehtddithéhtd) Ql@cr%?ikﬁ‘ébéﬁéd’fr@&%i%mﬁ%n dRtR 149 cabe non-
order to reduce the retrieval tine of a file stored on

vol atlllrtarsd)recﬂlnskemonyfléé én Jrii2r tol nedudeithe tmp of date metrievadnrandjortoe
y used to non-vol atj| el stor er data of a file
cifecttgly” preaqaBe P abE Shiecay Tars S gnmRAa di sk

surface 712, would have a relatively long retri al

re TSHovR*ARIbBlic RepkdskRtalén HSAT erftd@meédtifbt @llizing memory 126
sists of f| rst data 25 block DATA A stored in

to nonsmiatdelyAtmxé useadatadd gkorderr thaeducy U, rerieyeldomel ofafile sipred en hard

T Lokt g Vaf el SR o

of a fiR4hieF ehe/ AR wa-EQSmﬁ)Féttle St6edd drd WiRd bRk shitgef128would have a
consisting of the three data bl ocks DATA A, DATA B,

relativahyd omATedri 4T tinse. rFeir akamplle,ya ﬁhmftus@rrdauhattlaﬂh eonpattnoblintdaa
ok B S S S RTS8 s kBBl
storedtlg g%cz%tlggfe )S/EELQ’FB%Q 783, a?n@%ttﬂlrré dﬁa bﬁmckfmgl" &:C stored in sector C of
disk surface 712. 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 710 represent the

data stored at sectors A, B, and C, respectively.
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WD 2004/ 021350 PCT/ US2003/ 024184 After the file
(consi sting of DATA A, DATA B, and DATA C) is

WO ndoioalssy st ored on di sk surface 712, infor maPCDNS2003/024184
device 141 provides data storage system 110 with a

revi sjon.t t.he fi an

[ St et Ronidg S TATR BETAB HTETAYGE: lhiaty stored on
disk sui4bk-71Bem iR b ﬁtlrﬁ}oﬂﬂaﬁdatématagélbj/s&rﬁem /ith a revision to

| ocated on the sanme tract of disk surface 712 5 as

the file eEhoreyisign iBgludescan@ddisionel dage PiaTiaDB T Dofps shogiy ingggor block

714). BBy BT R LBl P S R W 712
as secloy 8! Beam ' s'&g‘ergIFATRQﬁ oh@ad subgdeEIeNyE I gf-i:laflif afcedabe the time
tracks’ at [east twi ce. However, in the enbodinent of

for retﬁegug eheTfilesthabthe risriowdt of the fils woulst iasolve mevingrthe 1cad head

the t ection sector.. bl ock .708 s
berwe RPN IRac B B Te U gRy EIE IS i 7, secto
block bh@%“st@@ﬁ_ fh BemdryS12e! @lﬂereil;htﬁe 131 decB&TC1 RBoPblotk 768 §dt9forth the
ock 714 sets forth the location (LOC C) of sector C
locan@n(hﬂ@ R) sumenoey V2thaidatabldelt BATb’L bBok storera Theitail section of

sector s 4£56 (o A fperpopon 0 G o8 gk HE R A agpre data
block ?&ngq %gfb?écﬁt BB DAGADRS Bl iftheBC t%sediﬁh@m@}y 1% the time

sane as the tine needed to retrieve the
needed o gitrieave the teeiséd ﬁhﬁl(sdmsrsgngabf datt blogkpAkB, @, arg, Dris@bayt the
Menory 126 may be uti ot her to
same e GRIEAEFIE Y S b1aE B el (EaIsHER BEGHS bgks AB, and O

speed of data retrieval or to increase the effective
C@f@ﬁ‘dr&XZ@tna%g udlidekn oIy waX @ d-vdldtileld stdré Bse@ldatdg€increase
data 15 of a’length where thée |ast data block of a

the spédd &f data mtrfernl dryo exreashtheeffeetive dapacity ofanedivel & oFetexiample, if

o 1 SRR e GRS o BN RS EE i o

o f &or dfldedia 112.
ey LOBE TSR 18 EohpSSASs o5861 5 pkydbge

In onekmimﬁméntt precassar Hibowduldbe programmed wgh 2@riserped seetoo afjmedia
ch the cost of storing . the data in nor 6.5 -
112 ki grigees DY Bessha G10- JE e Pamng: oLy st Mpengdo e fil is
t I
ot B M DR REGE Shl A SR 43 o g
an entht @edtoradf media I 2, itleenrpeodessnt 146 stordstthd lasttbleodcmeds;nctm;rel% In

size to be stored on a sector, .the rtion of th
anotherepbogimentt if oply Geriddlecied ofg filkds seyisE ioh iy Tuxepgls the size to

r .
e sl s BRI TN R A2, Bl et RO et
mayb@tshﬁédMnSﬁemsrytl% be stored in a sector that has been
determ ned to be defective. One such exarrple IS vvlth a
data storage systemi rrplzgrrentl n edund r

i HeQhernRRdigeaik, memgy)! ygqyebm 11;7: t9rstorg glt At of erw1se is to
be stofe%qfn%Ssg&kf"ﬁl'a%s?g&frgd&%lhmoq;e d%géegw' 6he &c?l)é‘%ﬁng]e is with a
[ system  Har

ementing a I sk system 9
data stdﬂ@ge@ﬁSmtlmpldmmﬁngl h sédun8fit aamny oDbx peneiveidisk (RAID) system.
information is stored on 30 both sides of hard dis
Figurg@) 1 afearesemsatin of RO Rard disk s¥SiefB Iplemgpingit BB system

Hard 8 91?‘ S)aS?an 90Pincludes 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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where hard di sk surface 807 is |ocated on the bottom

side of hard disk 905, hard disk surface 14 WO
wQROD4633B850 PCT/ US2003/ 024184 808 i s | ocat edr@riusines/024184

top side of disk 905, hard disk surface 809 is |ocated

I R e R S S A
surfacd 8ftdis00¥, eami IhgRBdi S subfacd 8 80 B%datéiy&{ @BYop siefacelaf Rardl Slsk 904.
stored in blocks located on multiple hard disk

surfaces. The drive circuitry of a storage system
i ﬁpnmsnnal}ygwrttme RMDDBystgry eser Jata sheioreddm plogkylacqted on multiple

S R R R D

concuf¥ly diiRs S&H &F'thd erfa@é’@ﬂ&ﬁ&ﬁeﬁsh& gHat fhegesl/Was iegdd fsociated
same sector |ocation e data bl ocks on each sector

with epchviumgce hig positienedbeves thel ssetar fa ﬁa@TPféh% purfaggy hadeg thg same

a obt a ata o
sector I%C@ﬂﬂp qEE fl%? leo[cﬁ ?r}]aac&} gf:&ordkhavm t{hc g%;'to%(lo%aglp gg g%ch
surfacb% REAEL pARR E&étﬁalheqtat& tlaesmeatmls&&émmuwor dtBring data on
Referring to Figure 8 and Figure 9, because di sks 904

multipdndisk & faeeisrmometd mes raferredtn@d dguaystrtmng he sane sector
on each dISk surface (e.g. 807), if one of the sectors

[ defect

| Refe BT g e pand b e e olsBo 854 B A0S Erovsd or s
mmult@ﬁedu@l@tto fRCGafte sb&6P6N &dth ([dskGurfBetl(e.g88@7), Hdae ot B8&dys is

for all of the disk surfaces are considered unusable.

defectOsris.gqiestor 892 issdefiestize £ indicoted bydhe 6X~ on serfage 808), then the sectors

o QERS B B ld B s PO s sprard

unusa§1¥ S b%ﬂ%é oUPAtB/TR AbicBCinGAE Bec¥dr df Ri sBEt 0PI Bk is Fﬁhﬂtlﬂi’l@ddcby the
surfaces (such as e.g. with a RAID systenm), if

numbcrnﬂ d&écsﬂrface@fomradngkl pamaliehce i s deternined to be
defective the data block that is intended to be

s SIS iR B S g 1

surfaced RB¢h SRCE. Giish ARAIDRYQERBif SHeSkctdPosatisRe@Fadday datgmiihed to be
same sector |ocation as though there were no defective

defectswecthedgtadiloakithat is guendsd to b wriitemto th@trdeés@wp lsector ip instead stored

b t 22 d
in me 28, B2 8 O TR B s o i R s
surfacbmet ht QariB BR%or 1defiog itRlph iRk WeRSL REdcAVOLREKS atthat
ata stripe are witten to sectors 821, 823, and

sectorSMtlptl h&os exarapls, iofFigune 8 Nzecalisdisekos@ A2 1ade@c1$c:7 the @&pghat is to

0 that. have t ane sect cati S
be wiign i hRgecion s P vy RGOy ey 26 uRER P glies 3G bideks of he
data sfrfgk QRAGHE PoRBcidrs 218803, an@8BLHRES §dcWsRs S€GE Rhard difi€surfaces 807,
défective sector does not render unusable the ot her
809, ané 81 @ that hawei thgysdnagecwe ddcation arcation ﬁ22))n Byt wtdizing mkmory 126 to

urf ac In ot her zgf di.nents, vol at |
sore GHBIGEHSY S WEJSTIS AHTTBEdF: BedBeative ios fRes L render
unusabl@ tﬁ@&ﬁ@r&%@t&%vﬁ@??se&gr RedtfnIrdtRet didk dd@cdon 1C

ased la of a

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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storage system Referring to Figure 10, for
conventional hard disk surfaces (e.g. 1010), data 30
W(i)SOOS/d)DBS(!ZI on sectors (e.g. 1029) in a sector Per/Us1005024184
sector partition 4) located on tracks 15 WD
(e.g. t?&Q‘!l@?ﬁ%@éQu@@WlQﬁ IP 4B di’: Bhe §Jcﬁﬁl‘ar%§%lpiulﬁllocated
encircle a hub 1020 of the hard disk. The sectors are
betweey peaar lings (cog-a081l and 0¥ ewhisk defime the segor(purtitions0Jh seme

i 5 S 1) Bt P o
Servo ldhﬁ@ﬁ c t&gg sl rr%lQ%@()[or e ?HeP! 88 aflhlo n%glgtra\ﬁg%cgét@smon

i ncl u e trac the sector nu
read/\amltalmm HHI mthlmexirztch oavérntionalby, esddevtor tsesizedad hild3 standard
thin a track. Conventionally, each sector is sized

size blqskwé fefa fe- gt Hridies In ong @(%rm%%)k 'With 8eIP YR oS, ZPUpIG pedors
may beToQlle i SRR B o soMidbaR@IER, exampl es, mul tiple sectors
may be located In a track of a sector partition.
Because the sectors of conventional hard disks are
I :B(caztuacj tHerse¢toaaifsomﬁdnhomai¢1hrd1hsdismge bcawd irf eadstwithagichibaving a
rtiops of the

ect to the 020
differgi 5%4&%8 § rq5Beqs .%E’sth E (2 é “163p), tpﬁaﬁna obthegiackaay b ypysable in
[
that oftk sBrhdsSfdccidf oraBREH QLo ltlichlls oS RIS BACd Bace needed to
store @ftankirdisizd-blocle rhdgyh.eFort dxempten tretanafundotdisls gace i s’ector partition

sec%or partition _4 (located between sector lines 1031

4 (locgigel batygoy sectprilings k3 Landl0d2pi tragks &3 anq P 1gisdhan %hat is needed
t e C

to stox%ea %Qlard %?zesr; g%lg%@dfg}]_%rkggi??g%é Egh%f ﬁ)slgc ng?atc'kl 2@ of Sector

partitipa@tis thocmhé amsumtudspade®1asimow bypfhesipsted libad ﬁ)csded\rmtrbgk 23

the dashed lines |ocated in track 23 15 immedi ately
immedgigiely foghg rightpide st seter e 1033 erelayne to thevigw %@"Y‘bmtﬁ%%“fe To.
t
The pYf8hs SR e St SndytmmeRitpR 9% ey Sig8 OF s Wor 1S 1032
represbntﬂﬁe 4f13ant of epdce siead thel diﬁk aifaoa tpaot leprdemintdiatdlon eheslkft side

urface space |located i nmedi ately on the left side of
of secgéém@rlm Kaefiggnt in stogiagiastanderd; sizedrenki efglate. dfogsxample, portion
102 3SRl OB Ro P i s BUPRLE 0B B0 a0} By g

standdrdl a@k bREk b dstef iAdcertindli witioEdnventiondDsysteaidtvest §laé® would not
bl ock of data. Accordingly, wth conventional systemns,

be utilizedsesWing sswesed Hotage spase on e idiskseeface: esul ting in
wast ed storage space on a disk surface. Figure 11 is a
tat . ' f t .
?I_g%rugei Iglgltrs 3.r%;grg%eﬂtat1%n %?5% n;gﬂ)g%f dgt? s?or%& ?lhlgg%?@s 20, %Eé’rdmg to

some emfb&dineMs of tHe fFEsRBt IBNERbn BN tEmOEmbbEnRHB BE e present invention,
i nvention spaces of a hard disk surface that have

spaceq efgshasd disk albrlf@eéhas hayelespradallp sieragh spadedharewhetds ﬂ@d% to
store 4 {tﬁ)r{cﬁrcﬁsl% & ggéfjda?zi 28 ? %f? t§ stogeag p%rltlgagf PtaH%g? §1ze block of

Sl ze

data, WAt hletoh%r pbfh of etid dtatdaf sizdBlosK edhed bkisg gt6redlif Glenfdiry 126,
data being stored in nenory 126. For exanple, a
For exggpla, @@oafona)f@tsmé@m@mfn bé@ckmf@i@w ipptoepskia sparediOa? ofitrack 23 (see

Figure Rﬁc%hél g%ﬁzalr%lgtpg 101 o%%he St&tdard 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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Figure 10). The remai ning portion of the standard size

bl ock of data (whose size is that of space 1016 in
wo-e@unz133®) is stored in nenory 126 at | ocati oPCT/LSRIN3/024184

Menory 126 al so stores 30 the remaining portions of

oo R 41 R P i 0 BRI R iy o
f tores the rerralnlng 16
pomo{)/\% %&)?t l%l%fanOl USZ u:1’:‘/2@82&184 portion (whose size

Is indicated by portion 1015) of a standard size bl ock
ofn sbatezemivdieems, ier locgomtin orenary 426 assaciated|vodrgach deficient

1011 (s | gu 0] n _Somme, enbod
space PR SH{A-E 10 hISTETOIS o mbRrBEL et BRI AP ke H ey sy 126 i
reserved®f¥r @fo‘?ﬂ g%ér (ﬁéi‘ﬁﬁ:ng-géigoh§fo'i 88 Ak Qfade9 bf hil PhrtiSiBAEE ok OF track
exanpl e menory 126 is 5 reserved for
23. Wéittlo som@emh@dlmeﬁus,cthe fiirst portioneig blepk of|datady@itd bp aleeesl ipfmemory

all partition sectors of tra
126 aryfy AR POTRB VS PE HBI pry usiot SRR O ogg prgbodiment,
deternftRAtl b dPSviRt Eﬁﬁuéer?n 6Fgr126 td-€6reBbriifE of £5BAdHréSize block of
portion wou e stor on di sk surface 1010. In one
data wenhidtpemhuponahe dest ef stbring ihanpafionitemhmont Russsusghosayings
126 to store a portion of g standard size bl ock of
from thapse ol a8 el NapEOR ok Heea e Qer@Odidng t hat
portion in nmenory 126 versus the savings 10 fromthe
Uy§ r&ﬁe&é@bl%&@&ieda@d"mtth@ ellﬁ%cﬂnféhﬁ bof $4 gQﬁ'ésnlg) aHﬂlel 19pRREssor 116
portion. To retrieve a of data int
wouldeatviede therpostiof ofﬁhegdat&ﬁomhaddsk Bpacerie. gcgy@a, and_tb@ pommm qf the

s BGRB8 15 BB STLA  PEGS 1.
Proceﬁgppfél W&lﬁﬁ ﬁ()ﬁlbgle thOstibA bkt Slovidias tﬁe!?ﬁ tdinfsrHREbR Elev1ce 141.

regarding Figure 14. Processor 116 would conbine the
Becaup@rhtelrananbgfmrtmnmfahe dita g stdrednnt an iGhbasedratenmmy (hegilee), the

retrexg] Gedon e BIPCR AR BB p@ogiona gyentg]ly (e sine & the
retne\Ia?ﬁ{n!ﬁ ¢33 bibt il 19 H@? Q«lﬁ 128 n b Bkt Dt 'ﬂglaFd"@lslf %bﬂilﬁ’@y storing
portion 1S essent e sanme as the retrieval tine
portioh©of zasthidaﬁcksmé‘lbibck of dund inraml I ssat, @dnivolatilesmemory mhy a
hard di sk. Accordi n ly, storlaﬁig ﬁl?o‘él ons of a
advantageans by oz f?ébEfFeéé‘Fé 1311080 2 hapd disk pulaggsed,
non-vol atil e menory nmay advantageously allow for

b I, ' I,
CShbE PP AL BDRLR By artn 2AcRATRy b o

on bothiyides af seﬁt@fllm&y ghB31pcRtitdhesersystemb, the blad dixk astem includes

sector_ line . 1031). Wth %hese S sterrs fz
prograh GIOCT PURACHRG (GBS 9 85I LEEOREY S Segh el 5 g, P ystem

1nc1ud?%&§deff{)lofa'r?ov fu? Eerb &kt a??sss%&e& ir@e S Illlnﬂzefr(grﬁ tlga user data of
C 89 %

€ system udes co or renoving the servo data
the sedtbdt UtBizitiganatoryr 26 he stoacimtions of@sérdam (etpe austewndiatFagures 10
of the sector). UtI|IZIn§ menory 126 to store

and 1hgnay Bleyv psysieseto Qe;é{oaﬁglge whgee qu G1O35; 6B lingsgimthat the
reman%lgg tpgﬁ;'n)on Y @b é}( 1§¥§)‘f§dnntrﬁ%r9§|¥glt9@{ K%U&%ﬂ*ngm @ EprB8ram code

ors Cross sec or l'Ines
described above would not be needed for such embodiments.

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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remai ni ng portion of a sector block is stored in
menory 126. Accordingly, the program code described
wabwye2sul d not be needed for such enbodi ment BCT/US2003/024184
sone enbodi nents, in order to speed up the retrieval
With some otq{l?%éﬂbogmgntsu tHe' deff %{0% as?é %?c% daﬂbg%ﬁteﬁttg Et%% based

ortron o ['e can be witten

memoi'fl@ d. Q%@Sﬁ@wﬂﬁﬁﬁfam is 30ittkR Go fhermon 30 -busddanedie (esg. ptmjes
th the rest of the data being stored in non | C bas
depenm jugon the retrigyal\yimes o6 Megipgoreparthogen dg/bgsuhmadia \/thh some of

these %ﬁ?odlﬁ%fgm&ﬁ tGdngl?%)(P tgl %ﬁﬁ% %\eb%@gaépr%ﬁng%ﬂﬂnggf ! ﬂlewﬁ% 23%11 by the

inforndien \¥BVied ééj@tlal) i réfiielin@Mhd Bletfhen mrdatacst@agea@ysmd(aag 110).
(e.qg., dependent upon the retrieval tines of
t he data stored in the non | C based nedia. Wth sone
Flgufmb%@t%t@ﬁmnﬁéwbgdlmem plsa W QREFRALOR fPLigRIEME@E 2 system
% | f
for nog ﬁfa?l el¥ gt%kf]% géﬁ%ﬁ %in;ﬁl% 0{%&% daﬁd 1rﬁe ??g:@ls%nc{n@l?ulf memory so

as to sf)éélﬂlpi fhe rélait el SitRrages By Sting 1@ thelpkeient mFd:tgid)lhe Iﬂ. the
sets forth one enbodinent of a wite operation

embodimgnierfdnigiagd 2qa epding pertiopof Hsmexbrate {q g Yyrideniq th@ non IC based
medlaqciﬁtlé P‘la{aﬁ) Fo e fIC Ibgseﬁ elfr?(?rg l?é‘fsg aé {5 ﬁ&éa@h@fﬁﬁ&al time of that

up the retrieval

data. Thérﬂowfchhﬂ of Fighﬁe m@ %ﬁleﬁﬁnted btyhlﬁe proesseat 1 liGrofeld dnmstorage
In the enbodinment of Figure 12, a | eading portion of

system hl).next data to be witten to the non | C based 10
msdla 112 is witten to the I C based nenory 126 so as

5 R TR iy o

to recé¥ing Iaavxﬁataacest Qqa@efroﬁl)&ﬁf(ﬂﬁmﬁdxﬂde\hcfb A0 JDat@ stofags Sgtem 110
116 begins to execute the nethod set forth in Figure.
stores a4il¢ af yses gesn Sfébloﬁléf Wlélt@a}ctﬁihlfgfkdvmg fereddp €88 cmbgdigent, in a

sectori%caggtd o?tf Od]gi(a ace gf b dig IJI 1 n cl)jrlfcate%%l? glgeth?ééét&[pu%gtpfor

user

storin hﬂ%ar@@bﬁi}leﬁtf%?% uﬂd%e@@&tcﬁﬂféﬂ@hdf%ﬁbwn) Brofed if @6dridry 126. In
ocated on a disk surface of nmedia 112. |In one

other esnystiinemtasif therde ehe wrideruisadeyision, e dirstsecter ip thecfigy sgctor

storm%&g? 8gt?ﬂgr¥)r%§%?\{%rsﬁf%gse ﬁ]ﬁﬁc’c%getdﬁ)r mas% I li(%? ?T%%fgno%’ hﬁ sector
numbdri(Ng id @t RE1 ¥d #1t1205,ithe Arst BMCR bpaatatshen&ex{ QL SR RE N W thédia 112
the first sector storlng data of the previous

(the fixsepestagiebtaanedi frafh dhetusdsdshseatgetied). |ist 127. In 1203, the
sector 20 nunber (N) is set to 1 and in 1205, the

bl ock of,.da i tt toSct
ol or SR B pighel e Ry iR bR AR L e i
sector (N$ The hekt 42800 is e RSE=Slor éﬂtﬁnﬂ&tf@lirmh’é%%uidd%e@t@ﬁkstt(fdi’fﬁ new
to the next sector (N+1) fromthe first sector

file) ofTthe naxheectoe trabstoies themexheloek Q‘é@att@) pf obtexioys dewionnT dgeek time

e Q3ETE0BTE bRy T P gl B BB G e 00 o
next sEGMINAUYG. HEhS b8 -whEREhS 88X sbEtBEis 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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25 is the tine needed for read/wite head 113 to

travel fromthe end of the first sector (N) to the
woeoot/0sest or (N+1). In the case where the nextPGBUSIING/ 024184

is the next consecutive in the sane track as the

prevj,qus secto e for

i BESShe i Bl R PSR S LR el 126
The si2€ d‘@rdaﬁﬂotb@ Stcrédh hémer) L26t1§119as§@ B tiel J8Bk tifherb@tvaden\tid d&ctor in

short. However, if the next sector (N+1l) is |ocated

whichghe datalivas preainustyraient (NDand Fhe rpwémcméN$ébtléﬁhe(myct sector is the
tivel

he 30 Kk I
s

1210 msttrﬁfdatm&dﬁ l&ffbesstaﬁd@ﬁ michforf 8t @dieto g &mlrve@ short REIKR e, If
The size the data to be stored in nenory 126 is

howetsadieisash tids seletkvely lagtrepweesson Hé wewd determineyimil 210 the
r.evi ousl| itten (N) and the next
mnomgéEF@Ft?Rﬁ frcvpl?%%lﬁéggﬁsector is the next
consecutive sector in the track fromthe previous

SRS Q4ta tHU AGESEQIn é&ﬁ.og,awﬁdst@rmmg péttion SR datihati®be
data needs to be stored in nenory 126 due to the

storedrig Itlwmemawtcgh §r1ch éféé wouldriaclugg the mm of thespetoselerk pf the next

| a |ve ocessor. 116 wo det e
sector s yl5f o e Bl POEh oL P SRE BRI of IR S T ' Cacing
portiofl few HaérRtot MéhoiyS 26t & €213, Pro¥ed¥erf V16lWhtds antil@cdtRadb Rfhster list
portion of the data that is be stored in the next

127 (o @&teo portign of mgatcay Wl thiatiareddingepartien hbthd @extdilogkhef data is

1 ta tor bIgﬁ? of the next 10 sector as well as the

ocateq M3 ot i on of the user data for the next sector.
In 1211, the leading portion is witten to nmenory 126.

| 3 %atwrs%ﬁﬁ&% thd Rextddi @NAN). | M @nitRdirhéht B3y Gk
list 127 (or other portion of nenory 126) that a

remainiagpemign e pogipngfot wisten gxmetmonc k2! thetnext data blpskpbuser data

215, data i th
(the g of5TRE Y Block g st et se ok S Pt o B et
(N+1)POTHusOfdr alshfeM Pating A sBRtardfskdtbehlot1OsiFeos 12 bhdd) ifPhe £iRE62
next data bl ock of user data (the data after the data

bytes Wereokeittoni to eemary 126,ghey the ragining 460 rby(epr aps2 ytetlagk would be

wited fo i B et 01+ B DD Epolis R neBL MR gy iz o

data oP21ilddV6 88 bRIrRreWth tHeGTRxt Rci¥R ML Y). F2P exdhife, 1ff BQ bytes of a file
remai ni ng 450 bytes of a 512 byt'e bl ock woul

were witititetnt te mengorly H@6 rtben the ek oyl 2(biyited Jof tHerfilo veutd be wntten to the next

sector N - I OB FEORISLFTE: B CARIeeahOIOEK e Ot It the eading
portloﬁ M"&f)ta wirfefen € B RIoBy 126 is QiU 6 theHexBsebidr EN+ 1Pl the next 512

tten to nenory 126, then the next 512 bytes of
bytes diﬁ dam wmoludohgltke 62 bYteseorf data whgemexhemecli26). WMikhlthis elm’oodlment

PSR TRTE R A GTI S5 B Gt B g e
memof§F1PY Ma j@gﬁﬂfﬁtey\ﬂ‘l‘ah R Sedrald &2 WK &Qﬁﬁé){e. g( Nﬁ')}ytgg 9Still in

t'he ne
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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bytes of data including the 62 bytes of data witten
to nenory 126). Wth this enbodinent, 25 an entire
weopyoniBst he file is stored in nmedia 112. | n SEIEUS2003/024184
enbodi nents, the portion witten nenory 126 may be
gre r_than the standar ' f - .
oy EAIS! Bt for™ SRR el ) B R afh or SR ¢ BBy it
storagk Sy@éR Al @ITf & thed (R Brdedseigdnded IfmoeNholndrentdngdt ta N+1 in 1221

standard size block of the next data (e.a. 50 bytes, . .
and prooesspyt16goesbackig11aQ7 and repoats thymeeshod wntd a of ghe giita of a file is

126. | n_enbpdi nent,s ere t ed |
sored IR etk B ST PEER TR SR L srktor 1
can proviiRlihe 182ding P6rAGR A8AIstokdPinRYmMEHYi 12630 irfatnffonseicon41 while
N+1 and go %o sector N+2 during a read access. 19 WO
the reaf@ntedr2d 303 RATHUIS2 O0BL OSXEEHOr.| n 1219, a
determ nation is made whether all of the data of a
file is, sto [ . f. )
R R e e e e

systenhVfok stdting Dditions b€ a Bil©eEsePdatd band0esasbdadn-volafiRGderand of a data
repeats the nethod until all of the data of a file is
storage isysterd so Wy ©rspeerbu s sefrineal tigneotf thg Glgrascardingda thepyesent

. dat a.,access. of the.file,. proce 6. & '

menL TR B B o B RTE30 Pl o PRALRIEN PEercn

that inl tE @MBBAIhRAt SEME&e 1344 twiling Portion &f Headktawvtitten heaskclol 3f the
is moving to the next sector. Figure 13 sets forth

non IG hasetl eredentiddi meitiien &6 the IGrbiasas ropraert i26n I His method, when there is

i mpl enentjn systemfor starin ortigons. of a fil .
« TongesP o B Bt o Sob%ors. e Bl bR & 1LV B el m e
sectord@ i neRi %ﬁﬁ?néy &l RO SpREont 6f the eRdinsoftdae st@kd irtthalfirst

time of the file according to the present 10

sectori nventi on. The enbodi nent of Figure 13 is simlar to
t he enbodi nent of Figure 12 except that in the

| b i 3 ] ion of the, .
S%@}ﬁ@tpgﬁoqﬂ aueég{»?t]fgFX%PEetrtﬁcLémleﬂ%ﬂ%?@ottagré 5 ukd lejam response

to recéiHglaSwiive irdduest fhdin idf8rohdeoRaR fide MR $tork2file oM uédhidsta. In 1303,
rretﬁod, when there is a long seek tinme between two

the segfectumnber (Nhis seetadl, wnd irel Hdate (fiestdlockid dawand thefileoy eeitten to

f first _secto t he next sector . .prior t e
sectorg§ 1} st adeSesor P iz g G Boust BB o) R sy | P e
end ofltRe $i ) hh§ndiHedn rAE R HeterrhihRd R UBOFS tHed 18180 tpRocessor 116

the nethod set forth in Figure 13 in response to

determigesethe lavgtion of the oexteqetos(N+1) dasignetes foasioong ddile ce mpdip 112.
0 Sstore file of user dat In 1303,  t ector . . .
In 13055 o6 calcblafes i Seckiae rom Bugan erver A GFiox ypine i
loop o? thedAtRo@ to thiendk k&b SNuij tten to  sector N (the first
sector of nedia 112 desighated for storing the file)
on nedia 112. If the 20 end of the file (ECF) has not

b&els 10eprohesdomnkl 6ckistermineas ¢ht dize af3bs(railing poitipni(8hich is to be
sore By SR o TS P B i B i e
ponioﬁ 12the last portion of the data that is to be written to a sector. In some embodiments,
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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In 1309, processor 116 calculates the seek tinme from
current sector (N) (sector 1 during this 1oop of the
woreaoad)3se o t he next sector (N+1). In 1310, prPCEESIN3/024184
116 determ nes the size of the trailing portion (which
Lo i Seelirie Wrblhfi fdly long,
memofyoléégdugsﬂ}lfeen attl%l S %J?r@ %I?mcyléﬁ@ ‘%&e&l?r zfl 1 ng ! yiong

proces86Y 1160Moill8 dt:daﬁmlnasﬁ 1P the amoiit df detadaba storeat inirserhary 26. In
witten to a sector. In sone enbodi nents, the
some @mmdlmngtsmmdard Sipcof pclea IRgBOIGR 4t Steyisd & MERETH G if the seek

time n?eﬁ t Ot @ar}?lérgsho?d Olfn stog1% bt%hilrhé}}gs ?f?eréﬂtl%]%lggk Opgatét"/?lrtt%ﬁi to

base e seék tinme betwee

sector BHVOEIAtbeSAEked to Mdmarnd 12 ifahe fRXtinfeotsectof N1 js lohg eiidflgh In
next sector (N+1) is the next consecutlve sector jin
embodiments vdiske the gntiteisectaobleck sskrediBdngRoyNLo, progessdsklo may

conteod {3 e HELSE A R Sl 3480 085 03014 merory

126 due to the relatively short seek tinme. If however,

t he1398 ethe tulalTing porticdl lRdvinged 3izd doig@mingariade$e oy stdrk6 1N\mah1d>ry
determne in 1310 the anbunt of data to be stored in

126. Tnelddfyentipdicatin thalorieaiingpRrtife frrghat seeeris agitipndp Fastsr ligf 127,
t I (!
Howel el 8 S O P b PO 42kl LRl

memobNE2E@Nbhg @ithlaf Gdicdiofl @t &hwhi seétenblock thegatticntar ailing] Iﬂbrtlon
be witten to nenniytllz if the seek tinme to sector
c

belonge+ Thiss PT@Q&}OE hbuegn. deferminerfpowhich sedordplacks & trailingpqrtign in

menchE O SRHFER 3438 O R TRt 5 B 55 R poris

In 13 1|5F N ik thcafdn@dd H}“ﬂne wWherdis plocedsde 116 g’cbels Ibﬁ@( f20r304 @8 repeat the
having a size determned in 1310 is stored in nenory

procest26. In 1314, an indication that a trailing portion
for that sector is witten to nmaster list 127. 10

HRRY BhpolitheR PO gg;gggt fIEPE B dhASe il lsl\%gtte%locrt 'sgaag 6 media

112, imdludifgliealata0Rataé widites fo ﬁl@ﬁltoﬁf IZH Q@d@vévl&ﬁ ipathet embadlments only
trailing portion bel on% Thus, processor 116 can

the dathenferfite net Writteneiraemeryd26is whgekmediatlai | i ng porti on
in nenDry 126 is stored by readlng the location in

n?g ée Rﬁ'elzg flfeqﬁztlt i$ gtgliegz)yttﬁe m%{h%h %upeoﬁt g@gcesséﬂf g

ncrenen Sor

detern8iAESthRaBK trﬁﬂ’mé %Qﬁlth)f aep&at blb&l&s Jsfbrﬁi ﬁhCrﬁérﬁoryl I26¢ pr@cessor 116
enbodi ment of ure 13, all of the data of a file is

will mgve rqaéfwmtg hgads blc3t dyringfa rrmj@fathe SEEL0T STAAIZ bR Wgtqrrb@caa&ftar all of

the daéancgé ﬁrb ocgniray fs gt gg)aé/d[ ?mmvﬁﬁ SJ Il‘gg{l nPr%tc?{sgr 1]t6 then

combifBIRE Yai lg&tibi® dih irf inefoREMicAwitt the dhth re&d fro@MBe gectdrlof media 112
that is stored by the nmethod of Figure 13, if

and prpmice@s@iataltsn @nfzonammeiemca ddlt Ba@ausm@ettmhmmﬁg opapectayrplock of
data 1sls_[%r%d ?ner%ter%rory H%C realdlswét%% 113Can ey c}/vegi pribr R & ggl%slretlon of a

data read of the sector storing the sector 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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will nove read/wite head 113 during a read of the

sector storing the sector block after all of the data
wo@boohz13sect or bl ock that is not stored in menmCHUIDE3/024184

is read. Processor 116 then conbines the tail portion

d f
s S T L M B R 1
one exqgl\f)'lé: 4 &)}édleterﬁﬁfc@%% of B BeginhindQ¥drii@ofod fiRk (881G bydsO 600

is stored in nmenory 126, read/wite head
bytes, m 30 data bbesks)oveudd pe storedtin memeory 36| Ehe gre of the begiapiag portion

of the sector sto the sector bl.ock re
woulddEfend g e e ES BAIROTPER SEEUGe4or BTt gach Sk Rkdia 112 1n
nmpm%&ﬁf@ﬁ%d§¥ gn1110 Wth other enbodi nents, the
eginning part of a file may be stored in menory 126
and the remaining part of the file would be stored in
rrE@m—:c ishowa@o ermbodigient ofvhesad acqessjerssation3y dpigrstered in data

de the b
sorse 10 PR RIS B OB,
remevPQIéHﬁ%QQé’;{ee 24 B8 medBy | CRantdderibrly! 196 "RMbPEK AGAE)/ sWbWwh end

head 113 to retrieve the remaining portion of the
describiat leereih rw1trungarés<smti:l¢ embedimeagef &iguireset! 7s 82 16f 11,H@, and 13 and

descripigdhe B0 8eR ARA oY E o A e ST EOPHI RNy Sxplicily

descnl;&ﬁ\er%n.e si ze of the beginning portion would depend
upon how long it takes a data storage systemto

retrieve data fromnedia 112 in 5 response to a read

r bl4didt profesgor Bl 61t ginh dnexegnteshhogihed et forth an Figage 14 in response

access operatipn ata stored d
o recGE arrahigaiorh " dat BEmoaoPen TR ol 145 Heeprgr 110
detenﬂﬁ@éjwhé%&rhnsr‘agﬂafdf Gt £i18 iSstore® men®iry i1 2. eInL{@ﬂ{e dhdodliments, an
stored in both nmedia 112 and nenory 126, as for

indicagmmmhkder dhtowha ﬁhads stgeeglan mtﬂe@rh d2@isrfound in aneqgdiy der the fﬂe n

maste T4 10 HEeEPPRa ol ReRBra L or e Rt g st n
memoky %ﬁae " d‘ﬁ%%l:ce@&d‘?)}ﬂﬁéce@@‘l% m?fétsﬁorﬁmo £xeRuékifdd dfile. If in

escri erein 00, processor 116 begins to
1403 exéxtal tsedetdmminedith bel stoeetd i d26 Hthémthe |f@su weultdeirptriceepomanedia

to rece ng.a read re for
112. Wh@éPW&Itfi\lng?ﬁ’%H’éﬁnt% 80 gane ecllul 1Hcthi ?Jtragg Zlg@(ﬂ? af&%ls stored in

memogg%%{r. m%ghé@g %ﬁﬁ%ﬁmﬂ'ﬁ}’s gﬁftﬂlc‘ﬁfloﬁ BEwhéth&r dasa SAPfiRTs stored in

I'n sonme enmbodi nents, an 15 indication
memonh E2woulddtealeeimanetiioha seetoslb)oseetbr basisreSazr, jorkBmpk the
found in an entry for the file in master list 127. In
embodjeat ofdii8¥8i’nent s, menory 126 includes a cache |ist of
files cached in nenory 126 that woul d be accessed by

Pfﬂfegﬁf’é{%l cbfRof BRRRATRided whelRAHPSE the Yatathflal 118 1 is dibred in
in 403 no ' data is determned to be stored in 126,
memotN&26.t Ifien Ehtire filoisl storbinrreemopvi@d, theoin b, procdsbar | My retrieves
the fll%? ggl lFelg;i?'lgg; £2e62 :S%i:efg )%mp?e the el:rglgj(l) r%%rlltor} Fggua}g 4%%%* Sﬁ 8F 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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20 nmenory 126. Wth these enbodi nents, an indication

of whether data of a file is stored in nenory 126
wowwkd2i3s0 det ermi ned on a sector by sector basPGI/US®e3/024184

for exanple the enbodinment of Figure 7. If yes in

from %?egl%r ]pf) %&%‘Qﬁ% in #ég’z . tl%ﬁ@#&ées%gtlgﬁ)mﬁlnlesﬂ{ | r e rpﬁ% rfeved

I's Sto an en

from tMEmEfy28hn the IFALY reLZéizedtfmﬂmemaM%If thé 0@1ﬁ51$16<ﬂ ddtd block does
retrieves 25 the file fromnenory 126. See,

not coesaam end qftfde étmpﬁé‘ﬁ@%ﬂheﬂlpg@ﬁeés% I epes bck t@i4q7néltﬂ all of
e i Spbed W Ao ARG FAED s PuR IRt B A g
112. file in nmenory 126, blocks 1404 and 1406 may be

omtted. If no in 1404, processor 116 determnes in

1407 whether any of the first block of user data is
sifb@sgcpf |shlllrmﬁlwyn w@bapnr«pm%é)asq&la@eé%ﬁeaqf&eg%@rwetb%téhe

TG0 DT PRIl g RN, s

storedel bbﬂh@n&il@@m gld shamery2R26\WPo? 8RS idfelting to the embodiment of
PCT/ US2003/ 024184 from a sector of media 112 in 1412,

Figurq ' therdegisigar of cishatlonr tq 1@6&8@11@11%512@9@ prmqry dﬂa2 fartarhlagkerf data is

made EalSEd uP?nn&ﬁiocgg% r}g aglop E %géesckor\f) ck (e %,tmﬂ%'jd' #h the

embo@@ntadf Fﬁ% 18s 1MERE BL axmhlﬁﬁ%bmbbmmnp@mgﬁﬁ@e ahd ©, ge@scision
back to 1407 until all of the data is obtained. If no

of wh¢ther1a @qcespmemenys bio is basednipan Hs achval spgtas l9gagian ppa disk surface in
t he

: tor. . ia.5 112 . Th foskill i),
media 5, 3 e SFhadiunert BEFiePHS 10aBiATrige AidPepnEhat e
data bIgek eth Rbdidatia woRld ineNRk ce@parfr thd sdctorfib&iios whth IMYleReE sector

nodi fi ed based upon how user data is stored in both

locations dinet shawnkthat ineludes/thd 8@ torForatiens(erd. ¢012)evidr dcrfrcgertt epaces and

the 055 ARG ROaD 5 2 o5 G MY DS Y5 BRI OF g for
those $e2tot BIFRER skAe® dWJI@lQHf: ERBodiReAt drFgurdd 9LARD| BBcdsBort1Ng would
tail of a sector block (e.g. 706). In the enbodi nment

accessof table gfi defecti® seorsithatancluddsshe adthse&embommmm%ﬂormg the data

block ffhiiHySefia iR Sediim o SxipiaHes ey ke iasat 16 gy 1R pgmgRemory
124, o?of%xsllﬁeﬁ%gf @6€SHOQVH) EdEabld %? ﬁf&%%&r“@ enbodi ment of

Figures 1 1, "part of e program of retrieving a
data bl ock from medi a 112 woul d include conparing the
sBigtierl 3 ie @ dlacdirdiagrar of an abedinfensefct remoyable owdid datasstorage

hovvn t hat | ud th I t . 0.
system ponding (o he;bitesn: GRENGGS GReMGyable i S84 st a1
retnev%g Bin{i8n Somé OmBLAiARnS Wihks)\WR&! fitd fR6m EABY M Be i rltS'l@ thlch is
the data for those sector blocks is stored.

msertetdhetoehdadaia sterdge afstéingandggod@destte 9ser datace mformaltm d:wmb d541

(and nggcg]?ezérg a(i) %E%ﬁﬁ?({?w%gfaseeg{déﬁ\é%@le fr{ﬁ%n%or Stk g%%wlcg ?Ei‘ 1dteor 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 removable 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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bl ock for each defective sector. Such tables may be
stored in nmenory 126, program nenory 20 124, or other

worzmnyi3fnot shown) accessi bl e by processor 11BCT/BSTpos/e24184
15 is a bl ock diagram of an enbodi nent of a renovable

removnE@ éﬂﬂd a{,?%e rﬁ%c@%eﬁe rg%g%&f%@ nf ata Sskorggd S slrseglg qu%é(g%ing

read/wrftk hbQVES 3 (A8 dpindleSAG®r €A AhBRIH £n (Vthd:ﬁr@ﬁl))valﬁié medatrAay be
fromrenovabl e nedia 1512, which is inserted into the

insertethinatsplase a floweyer, anjomarembndivuemsdhe regayable npgizmay include (and

v B L e S PR R RN B v

c1rcu1§§f @ @4fhdlelMotopne embodi ment, data storage system 1510
is a conpact disk (CD) drive, that can either be read
only or read/wite. In other enbodi nents, data storage
sinsthe smbsdimentshayen iardfjgusndS ofata sorgge aystvbl ) Gipsludescontrol

circu1$% ﬁr%@la f 8%?{02‘[5%%;&16 8?%%8@} %r‘g%e ssy%tep‘?lﬂ%oeggﬁﬂré/lec‘lrcglltrg 1511

include@h Grodb Sk 15 1 andypro ksl memeryages syst@Meciaa e isdxedited by
recei ving renovabl e nedia. In general a renovable

processetl] H6i Somtrg! ereatitay 1 hldtalsosingladesgrean-yajatge IC rb@frﬁslvra@n@ry 1526
vabl e dat a.stara In the

for s lpgGUPHARTS CRFET STE s BB TR R I shBs a4

embodifi¥R%RERCARIHE it fnplembaBe ditha MR AN inesty f iPSheddhiBodiment,
storage system 1510 including read/wite head 1513

contrqimdmspy hdll leisroplemens:tion a/mmumbnardr(n@ft shewn) neaigd i te housing

o e B 8B, o PSSR B 34 30 o

1526 £@mﬁ@meﬁtewlﬁmesqﬁle@ﬁen%ryﬁﬁwry shown in Figure 15
such"as a read/wite head or drive 5 circuitry (e.g

spindle notor). In the enbodi nent shown in Fi gure 15
dht the smbpdigrent g&Fighme 1151 memery LésndlodesradblediSeé that pipres two

s G5B G B e BLASABTRY§ Pon

(stored ﬁﬂ-@(ﬂ?zﬁ@or@dzﬁﬁ ﬁgf@%mgﬂrd ch RImcaBlel MEHi & OBRarhpI8d of system
is executed by processor 1516. Control circuitry 1511

data 188 mclude Imadees lists ndefiecrige agotdrdisisQuinmse sectarriistsy dafsctéve segror

o RSO AL S SR SRR
for théclggl: 8R0S do1Winiddife. %/F‘}%Pl/b MR{BhYr endBbdAAENE TRQHABIBLE may be

trol circuitry 1 is inplemented on a cifcuit
confignceak td s(onoonls lvoen] syseoadasa o utlltzheom datg iforge renogable s
of data storage system 1510. In sone enbodi nents,

are |i Ie n.t in the

SERfishofis Amtaghatas et TRe B0 Al Rae D (e fieS edaa

Exam?@g@f Yiliragén bAg intdee eZg { BB hEmbaf tinfidta rﬁ&ﬁﬁ B&s bebR accessed, the
ypes of operational dat systemdata (stored in

numbeyf ttieres dathefileisairelborl & m)ilaamsl berni dccesaed, ¢hre @aesithat particular files
on a media have been accessed, the last location in the media that was accessed, the number
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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(stored in utilization data fields 1533), regarding
each renovabl e nedi a. Exanpl es of system data 1532

wo pohozissoraster |ists, defective sector |ists,PUnuS®03/024184
sector lists, defective sector substitute |ists, copy

eSS 1S 27 FL B Sl s L
fields E?jj) an& ulllizakidd datal(h RIBETSBYRIG fBAYeES of FRTOVEYle Hicdha tRayhave

configured to store only one of systemdata or
previously beerainserteddatbalafactorage systevnbi 8. ieaaisequently.iif & partirgar

data i s information regarding th e of a ka.ln
removgR T 3 PN ARG 5P LD P oo P g ah lecess
operatidhal fi8reBaing thiEndtHTRSM @blelISIBSFé dXagipk, Rmtdasnge system
accessed,” the nunber of tinmes each file stored on a
1510 ised)éD Iptayet) ¢abte Biemwibbe ushd ta storeshe aat logation; pdayed of the last 20
files 25 on a nedia have been acces he .l ast :
DVDsRsa b Havdie P havine Bevevibier (i pagouar
point il ARSvik A rAbe TRIingdia D e Bler AL 6RE 880d Rinsevith€ Medfal Aherein
t he user mﬁo requested thée file, - error checking and
processor Id6tcoold adedsa theagaizatiorgdata 6f fied 1833 tosdstermine thatlast location
For exanple, fo ..DVD pl ayer,  a e of utilizatiaon
where g BORS 1% wPhe st Besitertrng P VP Bdes ohig e e user
: ' ibtaeeso el the system 24
with t%@%Bﬁk%%%“ﬁ@%ﬁ%%?%%ﬁl& Iﬁr?et he enbodi nent of
Figure 15, table 1527 is configured to store system
dBhch dnitny (6.gel @2) e6BBle 1934 indludes 20l dieldlHi3d . phiehfstapgian

1533) . f ) f bl dj a. .t hat
om0 By TR St IR o
entry AiSoAclufRLs ?}gga‘?rpaéty fieldf 1532 Q@?t fefidbeéficd ByERVRPLRr{®SH B in which

IS’ Fei'nserfed 1 nto data stofage system 1510, processor
systend 84t6 assatiaredoagsths rapevabtd roedih iscitrad redantlizagion ldata field (e.g.

media fromtable 27. For exanple, if data storage
represgqted Byn ™My Sepenty lé%‘%\m Wi e?f,l(lﬂfrEBB ﬁétafé‘s%’?la&%umh BngEE%al
mediati?sttcﬁ}eg.r eP}&%ssloﬁfﬁld RABEL AR 1B Y& U5 P toldRR@ rindilif 8 thedldVIa been
pl ayed by the player. Wth such a system a user could

previckigpndefted pltaywienal 5 K. pHrthe metiaras bpai imseried, pronessdrel dbdetrieves

. renmove the nedia. Days |ater, user coul d reinsert

its oparAOTVHLGRIAfOT PR FeInPabls meda Siom the Pairy. aTipHaisd Iy
utilization data of field 1533 to determ ne that | ast

! ﬁ%?atsit&g%eﬁsglsfg@gf SthiH&u&E%\ﬁ%feég\@i?cﬁ&?%Qﬂta a%és@esst%l_(%t h6vab1e

system pl ayer cou provide the user w
mediat 5@ 2 ot the embbdinesitiof Figuyel 18y tieraocass biecliwy atciules h agad/write head

st opped. Each entry (e.g.. 154 tabl e 1527 incl udes .
1513 for rqading; dafadram ﬂ?owkeSecrﬁe@?égbégf_adoffor MaLRe M}’F SYYi§rB hat can write
[ . .
o he RIS AR L1 CRERUACLRITIALP, TERORITL AAIS Bl
couplétbdogproviad ftlbda daw.fhm mepiaciSadte probyssdrAl'S Ibora e RIFAD signal line

1542) in which 15 s%qstem data associ ate th&:‘&%ﬁ ,
and amplisr 51L& aneb gt racqi eedsdaly @peamatted (Qumadia klZofia TEpignal
i if S 16¥orf Ly WhieaRad 1513 vi
in AR5 Lokl FEMAHSARE s Had 151 vi
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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media is stored. Processor 1516 utilizes the ID field
1531 to determne if a nedia has been previously

wo p@entiBsh i nt o system 1510. |If the nmedia as beBrw/US2003/024184
inserted processor 1516 retrieves its operational

renovabl e a fromthe ntr..
et B8 sl i R BB ol Lo 70 peasmgpovabl
medla'br)‘fcdakhd&&aé&@@&%l £3110¢ Yh tesporselto AR trliAG6 8 7€ 8 réRovable media (e.g.
novabl e nedia 1512. In the enbodi nent of Figure 15,
1512)mhsebmaa®sted i £ef13t pspcessert Lidésn 460 eretiieme peidgat catipg igdication

f di dat bl d f
() i i R Yl Bl oinam e e e PRV Batite
partlcﬂ%dﬂeﬁl)ovglﬁé "fhetdpd 'FOHBX. l@ 1F§)@'te'i‘n 151RweReatyaisk Arifgadch

13 i's operably coupled to provide retrieved data
removbbl@marcb«ﬁslawmﬁmm:lodqaa wmqscsmnanmrﬁbanoa aauRbaDhel ignvalque to the

l 25 [ifi 1518 dt .data to b
gxoup g T R o HOURTRbds; 41 oG YRforkmE gyidt 'denl et Ana
mforrrﬁﬂeh WouRl bl Que &1t ARSRGF dat Q{Qre‘a%ttﬁ@ k! @r @'Qa\/rﬁﬁI@ Nith one

read/ wite head 1513 via D CONTROL si gnal
embodumet the IRcmeapboa mbt‘qimltlemm@gsﬁb tmm adlR© nomber foF 8 music CD.

the rotation of the spindle r 1514 with a signal
In othg bogiaerLh a5tk BERIPHEEC! 79060 BHA Ul 1 11 ar - 3595,
25 WD 2004/ 021350 PCT/ US2003/024184 Figure 16 is a
f toM808 hgxr obesQbr f?ﬂ@ CSH;BQ[% RND ®émahdBbdid rfnﬁf)véﬂlé hieallarlﬁth the
a renovabl e nedia by data storage system 1510.
IDs stored frofisld 16581 andéterdiineif itare lmmaludﬁmp@ed@loealrrbch fascheatgd with
151 has e d roc sor
the insggp rmvebgvegdl%l Firl ?‘thF% 16??1% ?mfﬂla i ?%}n ip gahle
1527, B{b@egssml‘i‘imeﬁ'lem@o#rﬂu&ﬁ?dﬁﬁ?&%dﬁ%at eh!?gn{ RSO9S If the ID is
ob unique to the 5 particular renova nedi a.
not folrat inaxts@apb2], then my@smmﬂs&ﬁetmree agy bparatiaiabéata fiowethe inserted

each renovahle hard dISk nclude a u
removakleimgd lwnléé? KN 35 FrariBaYe ik g?fjgctmﬁ SGErars, 6114 ﬂl@lseﬁﬁlﬁﬁp In

one englgr%d‘ﬁﬁgﬁtas&ﬂ QHoﬁ'ﬁatﬁJggH%)a'?é Rund bt %BOt deBroP bP'EFemovable media.

I ments Icatton information would be
uni que as to the user data stored on the disk. For
emmaepromsmmmmmsmm 152ie derming vietlzer timare & enough

room frsfblg 4 LT LATE RSO AL Of T e aids mSablE AR in one
embocﬂlqlgfnd tad¥e 2‘73?5126& @J%ﬁpt?le oBLRAESH QheabP d r&@%rl%% nubter of

omt i nserte rem)vbemsdlavm h the
removablemedlia (. g i160)thitFate beendeteetedinte datfa staxidessydto@i71510. If the
i ncl udes_operati onal data SSOCI { Mth the )
operatjonakdaiaaf 3 RicAVSHMBEhRNEEr of Fempyablernesia jspbrepdhssipredn table

1527 & 11828 (L Rin! 1515 BHMssoP 15 B eRectsiaBle eRfr 9? RJ1527 for
f ret eratl ona g

rieves the o ata store
overwfitihig withnhé BY8nd bferdtiomall datd of thdimetted @todabla ntedbi dn one
1527, then processor 1516 retrieves any operati onal

embodiRER PRSRISPHE Yoris P e (ablers U BT E@VEDE medsthat hag dgen used
the lea?lls. | Ig égo%!?é&l@&dﬁkrﬂ 51’0095@61631:1'6\6%6%&50&1% ’tabfl'@gntm§ ae

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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one enbodi nent, such information may be found on a

boot sector of a renovable nedia. In 1612, processor
waamd/nacssesses tabl e 1527 to determ ne whet her € hEsm®o3/624184

enough roomin table 1527 to store the oper ational

f.th
m&gn‘&tﬁ? setorlfagggr é%ﬁ?@p%@% %{S”{%thﬁ 8P8ra ﬁrgﬁ dal%Qhat was stored

in tablORSIAL h%@lenﬁaﬁn&ft tﬁe Q%e@ﬂﬁinﬁf At A 1udesh @dasef list which processor
renovabl e nedi a t hat have been inserted

1516 acmssescfat dats tacneat@e oﬁ g@s ewrersmhe msertdderem@p@lemeéwaﬁee the

a of. a dete m ned numnber of La s
previois 5apiont By BiF PRLCAT aeERLb 38 myfeer Lo Ry TR TPod Rips By daa
storage %Js?énp i A5 6881 @lre 12 18158 8ls %fhsth@ diseisRon€ Rdgdavdih gldzltéi @tlo e system

for ovérwiting with the ID and operati onal data
110, sysfert datainmeyentlede defeasivalstasomtinds, anuded segtersdBise defeeti iesagtor

st ot PR S L Pk BaBh s DB BB s
to acc&@?&'dﬁﬁ@n’ th® fr%@ﬁ&ﬁ%ﬁlojv%l@ AR WHok @ 8f kg irf ﬁ‘n@'aﬁ wANtredbgnize,
renovabl e nmedi a that has been the | east
based me dmrttdcgnmgs hdreirSthdt thei tppeoefisastemmntadihaeinstored ingablehp27 may
desi nated for, .overwiti be chgs .
depeng KPS GpiE TP R LR DO EIGTH T8E BATRE P 8 CD Sloring
songs, 'tgesﬁl%téloﬁ’st n%lﬁ'&r oPihich $BERY QRafNf sohgimYaRK&l. medi a.
1613 If yes in 30 1612, processor 1516 in
1614 stores the ID and operational data for the
i As edvanthgerdiswring systerbidatais 2 nonfvolatitelG/based gienpey ¥

004/ 021350 PCT/ US2003/ 024184 ata st
romovEe s 1O PoSIOReF Stacam gt e Al i S5tae St B more
qulcklg@énéxteoc[a%jfrbﬁn th@RInfovhBR fnedid) RMheEHBRIbERNe thé RRmory is non-
erational data includes a master [ist which
volatllpmpeeasmoal dalbfb6 maudtte samsoviable roetiamay be swesl inftalfle [ 27 and be
stored in the inserted renpvabl e nedi a. See.the .
availabje éf;f:ro%gowréﬂ@mvglsqpswgovnCpﬂ%@&ﬂ%&s@r PReAqVaRERG Bat Bk gocur with
such ag s {H ?’fh% t?‘ ndef&d ﬁ"ﬂeeé%b Wﬁa?a o gé‘I’éﬂug’e&BQﬁﬁ%ﬁce processor
s em f Figure 1. as vv|¥ t he di scussi ons
1516 reﬁgarzds g Iﬂ)adsfahcstemm/gblesgeme moc&mr 15)(smeyrbean theramyess of user
ncl ude defectiyve sector |ist rs |ist

unused, sect
data frgaythe femevablespedia vaiButavedo fqaéit%?te%}ﬂgﬁ tgF thedemp gaple media

features, or any other data that is used by the

P thaf RaREGEP FrolSiREuaRLS ARt InNREMbSA 526 is that

réﬁ%@%ﬁ e %@aa Tﬁgse of OSkI ! % t he 5r VI\}I S’dl B
it maylredueg thezymbep @ ectesses tdhe teemmbwgsedae f@idata wnas Thically, with

type of sys mdatath is stored in table 15
some rpoyable if l?p‘gﬁt ROWURADE. ey v csiodg Uherempaatic

that thE ﬁﬁ?&é@ﬁk@on@ﬁ@' kénovaBle b Epdatddl Howddes vithisBhe eBBESnents of

master |1st may include on which tracks certain
data stsmgg systére 151@rbechusé\rtheadasaamtiiagmaybe storediingnenysy é H26 aheamaster

non- voI atile | C based m)r novabl e
list stoptpamadRd 542 Bfonlsendd pegestAT S Ehgyep bﬁppﬁzﬁeﬁ £ Uy ise. In one
embocﬁx%%%, ?r{g%z?s@epr lﬁyﬁ %mc)tvgblg%e ia PHRGKON B@g da@é’cﬁorﬁ Wl’ien

e renova ur t her nor e, cause
removaElBBiadid E512d#8 to be removed from system 1510.

¢ meata requires

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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15 vol atil e, operational data for nmultiple renovabl e

nmedi a may be stored in table 1527 and be avail able
wa@bdogn235power down operation. Consequently, OPET/US2003/024184

advant age that may occur with such a systemis that

emon S SRSTHBSLEPSEETE I SR8 Y, BRGSO o

media N8P %Hb&sse® dIRonddrAsRInEOit, t]afs]lﬁfdifﬂmtlﬁemap bt peovadedepen request
of user data fromthe renovable nmedia w thout having

to informatieradevisest i dmanpthesembedimeahdhappasatiang] data pgy be used to

cache %@%}qur?g%/fﬁq# Cos hggei%géllg ?fgh]mgélgﬁif% Ilé I %Qhéiaccgss time in

providB e filefo AFEMFOR dedcd NS4 I COBMYAHDE é’f&!ﬂllhaatﬁcﬁf dat@generated in
wites. Typically, with sonme renovable nedia that are

1616 inglndesathe sumbereaf yimsithesfilgdee beentusilizaé r enovabl e nedi a
requires that the master list on the renovable nedi a
dat.ed Q t
SRR LD SR RPA TN S e ltbprsion

1617, ﬁlto@ésadr 191 6n5eores petifaal ddiregRdigy theond bﬁﬁse&if@eﬁﬁ@lvabre media
nmedi a 1512 woul dpnot necessarily have to be updated

1512 ifi gable V3% Inrong embpﬁm@nb da@mwfmﬁpm ¥HE ingladesra sepsgy (not

enovable nmedia 1 d
showr Bonsenre bt rais ol il HBef B sRby L m dwa
storagél Syktbm 1 10L Ek@mpRk @€ afch@hd bB &k @RrARIoALIEE DML tmﬂadt file
data during the operation of data storage sxstenllslo

accessathdhstast e pergssedathe faCh thaaﬁmleéllqwzv a@ﬁS%rﬁﬂdy a Bebtharye

remo GRS Mo R B RS ot L ST eh ey Ve ageesied gy daa

for the 27 WO 2004/021350 PCT/ US2003/ 024184

I ERGYE P ki 1ITR ehedart WiPapprstnee thaf, bassRpon thd teachimstheretn, memory
song, novie, executable file) stored on nedia 1512 is

1526 mayksetdized im weoyiesimwsoigi thesstdesaribe herenm wrthﬁ@spéﬁ tpraessy 126.

For o B SRR o S SRS Gl o fons

accessb® or MB&Ttehn s SRIMIE ¥totddAh ,rerhbﬁbll@ﬁlbdla_qg €3.STHud, tHeiccess time
frommedi a 1512 to reduce the access tinme in 5

for thap fidnllinel}" hg gICh@,Y refdieg in ghat m@i&ﬁlﬂmeﬁ@ﬁi}@@ tosbptaceesedio

ta. t i ncl ud .
i s LR, M PEDE o s b
1512 H@)db@ca%ﬁéd?m' Berd6t rSQb NRgkebPalRfving Hﬁ’YrﬁﬂlcﬁﬁlﬁHl@' §lds@uent data

st’orage system 1510 in 1617, processor 1516 stores
accesso he siecthi epnlzidimdertts, if dhgeerisla meguestdo eamb\@fth@ m@d@f thee b valolie

memofy badtdy Becieadiis ik [couRlE SBREY ieiroas 187 ftpre

removfdpr sensi ng when an i nserted renovable nedla (e.o.

1512) is renoved fromdata storage system 1510.
Exanpl es of such end of use operational data include
tﬁmheampref, fdaslremmes@édwth iespachiotthe pmbodioatssd demevable data

d dth t that
sorags SRRy [0 FAUFL R LT PREEHERL) CPRETEToMs DroeEioee palgn 110
For ex8MpleS Bata 3tHaR syWBR 806053 EohNgurédidstore 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.

28



Those of skill in the art will appreciate that, based
upon the teachings herein, nenory 15 1526 may be

waiRookiozissh i n ways simlar to those describe heP@r/mSuni/be4184
respect to nenory 126. For exanple, referring to

RIS PR achls AP BRalth nyefilfh ReiRET e

describb® i1l Bt respavRale tHee biallddihdhe it umit, Habel gonabsehdhirgs
for that file may be greatly reduced in that nedia

herein] Surtherolangeroandimodifieasione muy be srasly withopkdepaging fsom this invention

IO D A TRk o S e

such JHBARYs ¥ind 3AifidahiSfiseRYar@vithiM thE trad spiMBd s2bgd ¥f this invention.
subsequent data access. In such enbodinents, if there
is a request to renove the nedia, then all data in
menory 1526 that is not already in nedia 1512 coul d be
witten to nmedia 1512 before renoval. Furthernore,
features described with respect to the enbodi nents of
renovabl e data 25 storage system 1510 nay al so be
i mpl enent ed by enbodi nents of data storage system 110.
For exanple, data storage system 110 nay be confi gured
to store utilization data in nenory 126. For exanpl e,
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
PCT/ 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 nmade w t hout departing fromthis
invention and its broader aspects, and thus, the
appended clains are to enconpass within their scope
all 5 such changes and nodifications as are within
the true spirit and scope of this invention. 29 WO
2004/ 021350 PCT/ US2003/ 024184 WHAT I'S CLAIMED | S: 1.
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 of the
user data; and 5 a non-volatile integrated
circuit-based nenory, the non-volatile integrated
circuit- based nenory configured to store the master
list associated with the hard di sk.
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2. The hard di sk systemof claim1 wherein the
non-vol atile integrated circuit-based nenory further

W@ ses: a magnet oresi stive random access nMRODUF2003/024184

(MRAM . 10 3. The hard disk systemof claim1l wherein
the master |ist conprises a physical |location of a

t a first ordered block of data of a file
WHATS Da@4 A nmet hod of inplenenting a hard di sk

1.

2.

system conprising: configuring a hard disk to store
usdrardditlasysedm teaptisiome bl ock of which is stored at a
physical |ocatigon within the hard disk that is .
ubidscanigin HSbieristh A, e TG sF [Hhgs bigiablte

1 st 13&??@& gsﬁé\ﬁltlg atnBﬁ Qtrlgas?i bﬁé‘?l’o@k 8f &H@i‘aéé@&@fehlweith a file
i ntegrated cir Based menory of the hard di sk

syst esfhtke usEheatm&tnk'lod of cI aim4 furt her conpri si ng:
non-vol atil e menor requir 131 %‘f? ng )
v@ﬂ@rag@laﬁlsvntﬁgras?dr?érgwaﬁé rpgmory fhe RpR- VPR 1gtegraje qigcuit-
20 6. a'%iﬁl%g{%?cogﬁg&%ﬁ‘t? QBRY the hfAGker ﬁst@%cia%cﬁgftﬁﬂﬁqlard disk.
circult-based ‘medid configured to store user data for
the storage system wherein systemdata is

”g l'qaqg:clhasg %rﬁ olffd;ﬁ;}g' f\%he?elg @ﬁ’e o%a\lolgntﬁgﬂ{téé)rg r?151t -based

t'a associ ated W user

memoiéaﬁ.@th&% riséd:ored; and 30 WO 2004/ 021350

3.

CT/ US2003/ 024184 a non-vol atil e integrated
ch megnatomosisias rapdam poceshimemon.WHRaM) e i nt egrat ed
circuit based nenory is configurable to store the
system data associated with the non- integrated
cThehird diskspsienef ickim 2. withein sheomagies lisy serepiisss agihysieal docation

of  SEoE BF AE AL PHAIEN R IOE) BB b CSTGRI | on. 5. The

storage system of claim6 wherein the non-integrated
circuit-based nedia further conprises: at |east one

of* Wth%f’r‘éf 1gpdgmenting dhRrd sk BRSNS a t ape, or a
hﬁﬁ%g I’liu‘:d‘ FRUAb S uge?\‘iht%eat 13t She BloSYSHBHikh is stored at a

COfT'p I Sl a processor,;
physical location within the hard dlSk that is identified by a master list; and
storing the master list associated with the hard disk in a non-volatile integrated circuit-

based memory of the hard disk system

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.

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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a menory array operably coupled to the processor for
non-vol atilely storing program data and user data,
wok@re213se he program data and user data may bePCT/US2003/024184

programmed w th a program vol tage having a magnitude
of no nmopre .than 5 5 volts. 15 10. The system of clai.m .
92 fffEY gﬁaHﬁt‘H@g%er‘?tﬁ”’;?“ PRET PUPOHeihe 6‘8%‘%?5‘;‘26 ‘E%gra%&”c“‘t'
Magnel REERkRbHYE coh RRFSITR ALGER IhdBRRAY ddtd/HAMiated IvithAhe non-
data storage systemconprising: an input configured to
r eceiinegrset cidaitebafgdonedia i nf or mati on source; a
non-integrated circuit based storage nedia configured
to store user data; and 20 an integrated circuit based

7.  NDhe stotagt syseenmeficnim ¢ WAs)ein theaystem-datl amprisemaemastyr list that
configured to al sqQ store user data. 12. The data

contaigy ¢} Wgtiligation ff e 19aHPM 11 wherein at | east sonme of
the user data stored by the non-integrated circuit
based storage nedia is redundant with the user data

8.  sThe staragy systam of elaiayp stherpin fheontintsgraied GigHLpasesimedia further

comprBiory (NVM . 31 WO 2004/ 021350 PCT/ US2003/ 024184 13.

PI§% data stor age system of claim 11l wherein

P5QE84sBEHE H¥th i@ disR] SU5pRicBicbasd Rbdih, DAEGr anvagnuol @iticlseorage
neno2¥ (NVM requires a programm ng vol tage having a
magnigeyte- of no nore than 5.5 volts. 14. The data
storage system of claim 11l wherein the integrated
circuit based nmedia 5 includes a magnetoresistive

9. raAmnggmmavogsisingenory (MRAM). 15. A data storage system
conprising: .a non-integrated circuit based storage
n%gip(’&e%%f%f‘%ur ed to store user data; a processor
ORRIeARIY at AHHeBbIY Soupltl (B hrBERSAbERbIESIGHIEL BRFERDrogram
medi a; and "an 1 ntegrated circuit based non-volatile
menordat{ MA\)sengea,attieyein thegiregramodathand user gatamey bo programmed
the non-vol atile révﬂ. conf i%:ljr d {:o al so stgrse lser
dat a. W2 PRSP NBHRgsMaYne s By Ut OLUHBPIAYY-> VoIts:
recei ving user data froman information source;

st oring aagg?r,tion of the user data_in a non-integrated, .
10, clhewisternaldaims? Bihgisin the dieanork aray BrHET GRINRIsg 4 rpdaRgforesistive

rf data in an integrated circuit
randmﬁ%g%aéégﬁlg%{o\%p\g?ﬁ%y 15 nmenory (NVM. 17. The net hod of

claim 16 wherein at |east a portion of the other

11. pxrrfakaosrgoﬁage ss}s%rmegor}lgrisﬁnhg?

an input configured to receive user data from an information source;
a non-integrated circuit based storage media configured to store user data; and
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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non integrated circuit based storage nedia. 18. The
met hod of claim 16 wherein a begi nning portion of the
wais@r/oziss@a i s stored in the 20 integrated cirBCi/US2003/024184
based non-vol atile nmenory and the remaining portion of
¢ " . : L . e
R e e
non-veMsieanemory(INVVINgquiaecepsganmaiug tvolfadedravingadnagnimgde pf no more
data from a renovabl e nedi a when the renovable 25
than Sl i s coupl ed to the renovabl e media storage
system and 32 WD 2004/ 021350 PCT/ US2003/ 024184 a
non-vol atile integrated circuit-based nenory, the _
14.  ndhe detestarags systemdf glagm 1divhegin thedgegraseshairopitibgsed media
: onfi qur tp store aqperati I ssociated with
mClud‘té?]gm 8?7@865‘5 “éeFﬁ% R4 %’as %‘ﬁﬁ’s%?%@gﬁkydﬁm ed to the
renovabl e nmedi a storage system 20. The renovabl e

dia storage system.of claim19 wherein the
15. Eg‘né%ftg’iaig? gyslt EYPBERYE 5 circuit-based nenory
| REbAGHRE %xﬁteﬂ%ﬁ@% PAs88 kdldg¥ %édiw&ﬁl@gﬁfé@l% StofEuser Mata;
(MRAM . 21. The renovabl € nedi a storage system of

c h grovessor vperaldy nourhied todhe nai-mtégdraed pirayt Basedimedia; and
circuit-based.neno conprises a 1 conduct or nor
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storage system of claim19 viherei'n the operational

data further 10 includes utilization data. 23. The
r ' .gystem of claim22 wherein the

16. u%@?@gé ?ggﬁ%g?g&%gélﬁﬁg?lﬁ% ncl udes i nfornation
degeiviny wsgr datafromen ioforinhti@ssdubee; r enovabl e nedia i s
accessed by the renpvable nedia storage system 24.
THEN PR ABQHIoNST thsgisar daty nsgyrorsipdaeanedeiriithagsdbgiorgge meris; and
the_ utili ' . f , ] . .
05t b gh PRl PRSP it Bk 1y OO B b on-volatile
r enoviabmeryn@WM).st orage system of clai m 22 wherein:
the non-volatile integrated circuit-based nenory is
configured to store operational data associated with
a plurality of renovabl e nedia; and the non-volatile
integrated circuit-based nenory is configured to store

17. aTh;ingthed of glairddAtwherain af loast a geritonfof itheothergieriadn isiseored in the

von R TR 2,75 eiiod of stori o
conpri si ng:
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 removable 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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readi ng user data froma renovable nedia where the
renovable nedia is coupled to the renovable nedia

WG ronazisseyst en and storing operational data PCT/US2003/024184
associated with the renovable nmedia in a non-vol atile
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conprising: maintaining the operational data in the
non- vieimav able miediaghatarae Heani qoupied 1 s aemparahle fpedigtorage system.
subsequent use after power to the renovabl e nedi a
storage systemis renoved. 5 28. The nethod of claim
20. 26hé manidveble o stefage systemi of caim Hywhereinohe nanqivelaile integrated
~ data_ in the non-volatile integrated circuit-ba
circuilgsed pemogy lngwggsew@ﬁ?et%rg@sta\fetgfé?&% S inaetiBRa RN
is renoved fromthe renovable nedia storage system
29. The nethod of claim 26 further wherein the o
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has a @@FMfdS bNEo gleabitahlses vadi a access circuitry, the
renovabl e nmedi a access circuitry configured to read
user information froma renovabl e nedi a when the

22. I RO¥ARVEbIEBEHdRa dtSrag€ SYRIneof ¢18int DR wherDVab loperaBonal data further
storage system for accessing user data on the 15

includegniphizabpe datedi a; and a non-vol atile integrated
circuit-based nenory, the non-volatile integrated
circuit- based nmenory storing operational data
23. a¥bocnatvablewmddna storagerpystdnh ef cleich 22 whetein tha otibeasion data further
. coupled to the system 31, The renovable nedi.a storage
includy YAt PR S R RS ORGSR GHEIA PP ¢ Skt e
remov%&e%éd?é%t&a?@%?@en‘immry is a magnetoresistive random
access nenory (MRAM that stores a nedia
identification nunber for potential matching with an

24. | ?“Eg{‘eirﬁc;v%le%e%?fit&tagg S)yéﬁtetnb of &im 32U Ge WEHLRionMHita further

includes a last accessed location on the removable media.

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 configured 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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