DESCRI Bl NG AND QUERYI NG DI SCRETE REG ONS OF FLASH
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component longevity and better read/write performance.

[0004] An internal API (application program interface) in the flash media driver
provides low-level flash properties to a flash abstraction layer. A flash driver interface,
such as an I/O (input/output) control code, is exposed by the flash driver and provides flash
and driver properties. This I/O control code can be used by the file system and other
applications.

[0005] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed subject

matter, nor is it intended to be used to limit the scope of the claimed subject matter.
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THE DRAW NGS [0006] FIG 1 is a block diagram of an

exanpl e flash querying system [0007] FIG 2 is a flow
di agram of an exanpl e nmethod of querying flash ]1
Vﬁ%o\?”@ % diagram of an exanple file system Fﬁ%ﬁ%‘m /004723
[0009] FIG 4 is a block diagramof an exanple

computi ng environment in which exanpl e enbodi nents and
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[OOlEJQQA flash storage architecture, such as a flash
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provides a driver interface used for upper |ayers
in the stack, such as a partition driver and a file
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rda@Eirite, aetiteloBcd) foEatnpks . Rebidhsimdyehay ShiRfie peifoiniiiide poperties
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component 10. This allows a file system 40, for example, to be made aware of each flash
region and its properties. The file system may then be optimized to more efficiently utilize
the flash component 10. These optimizations may lead to increased component longevity
and better read/write performance. As used herein, a flash driver refers to a component,
such as a software component, which manages the flash and exposes the flash to the upper

layers (e.g., partition drivers, file systems, etc.). A flash driver interface may be an API

that is exposed by the flash driver to the upper layers.



WD 2007/ 120394PCT/ US2007/ 004723 [0013] Wth

respect to FIG 1, a flash driver 15, conprising a

flash nedia driver 20 and flash abstraction |ayer 30,

RY0 bRGA4464 PrOPErty information, as well as opfiysr007/004723
information, from hardware, such as a flash nedia or

st orage conponent 10, and/or a systemregistry 50. The

syst €13k giWith espet po BIG. des flaghwdrieoy df, gomapsising adash media driver

et ri.eve uring.dri,yer conf.i guration
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ph¥idal Revesd ©3ha\Eadh-doghedtd. Write sector transactions,
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| ogi cal to physical
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abowenhe flash. médis dfivar20ramadgadlesagable velaRp amisd S tr@nsactions,
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lqgl@#rg?t Riysicghsectos sappingand ganslaian, apbisiindapeydeng of mgdia fype.

next [(f(fl%fo% éx‘aﬁlgg‘ﬂish%bmiﬁ@n I(Dd.g}r %\égb%ﬁbh&) a seCtor manager, a

| ogi cal physi sector map e responsi
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fq-li:gg@fé’llg}n?gaﬁéﬁ%%ﬂrgg gg%‘lwg glp glge: mgﬁgi %@nbﬁgﬁéﬁﬁgg ?eg:?or@anager will

désifaBBMefurn ekl R6d1scaf% bh At hedia gi@li%ila@@?.i Aﬂ@%ﬁéal to physical sector
translates the | ogical sector addresses fromthe file

mapperanay ba wwspansibdofor estpming the 1qghsad iacpliysisaksegtor mapping. The file

S 558030 2 AUBaTEAB oy SOPRRE R G SRS B o ot

Asarpadt, te flieh abakkioRRgtydesiafp tafkliteSthe ldkh] Be@bkaddeesses from
det erm ne whi ch sectors are DI RTY and can be recycl ed.

therfjle S4B iR the GorissrKding Rhvysisplesepior adiregpss aff the media. A compactor

. i [
"SSP R SRR T g AR T el hErRRE o, Thegppector
desinplyrematyzesespanise BLLASHBlogletofdetemnitg witieh starabhrel DIRTY) and can

the flash device. irably, flash pedia drivers i
bRERGYSIER, AR SEROP R aDEf%is Dhat ite s DIRT Yopre g mapped 10 another portion
of BRGhid t e/ erase of the flash nenory device.

[0017] An example flash media driver is a pluggable component responsible for
performing the actual I/O to the flash device. Desirably, flash media drivers contain the

device-specific code used for read/write/erase of the flash memory device.
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particularly, the property and other information, for
exanple, fromthe flash conponent 10 and/or the system

r are provided to the flash abstract
|g‘§“é?&°?%?"§%we flash abstraction |ayer 30 pr owic)igg ?%1007/004723
information (the properties and the ranges of

har d{18) More particulady shis propert) andrbther infdrmatiomfer ¢xagple, from

of . the flash t 10 and.the ash d er r .
(g, 50 PPl Ao (BE ik sty 52 By el g yshpBstraction
1296k 30. The fldsH Qﬁﬁ}acﬁwldy&t B prRGRIRS ﬁfe@nﬂ%ﬁﬁ&ﬂl(ﬂ'ﬁ@he PBperties and the

interface for the flash abstraction layer 30 to query

ranges ¢fl hasdwaredtiodhaifile\sastemoto. s dhe propertics obthedlagh eqinpenent 10

al'léC{;tfh? Irﬂn'g_[ {hg tlgf%qh Srg de&.ﬁrgx]sﬁfl?.? zl:azl}ggxg\;e? 'Jgi;g §1€ftjilg§pstem 40.

i mpl U9} eTweSihieEFasds ane hrof RIed.d e Irit€ehcd Soittle Flath &RRHLEtIN layer 30
codes, for exanple. The flash nedia driver 20 grOV|des

tof @itesy tha s mediardsivar 20 and an ietfaspdo pravideriaformplen t the &ile
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stﬁ&tlwbeqlﬁzrieﬂ uSiap e caitd codes for ex6N0] TAS flash rﬁe(cﬁm‘lheer 20
the flash driver 15 may nprise an internal API

DROX 5P 1TE BT PEBHENG P fechiaical chapeciegiatied ol ep it cgmponent 10 to
ooyl YRR Ml gl PR b it cam e

usedt erface nay conprise an 110 (i nput/output) control

code_t i.s exposed Vld flash and driver

o op OB A3 4R, B8 Tel el ieads reay ot e msgrni AT
(a{pg cl)ga{%}i @g}hﬂ%t@ﬁgce@hhﬁ’k fRBIP e@RtdrRBs20 {Hat %ﬂﬁﬁpl(ﬁv -level flash

he flash nedia driver 20 is desirably hardware
@pemes tQ:tha fldshcahstrestisindiayer3fe Thriflash dijvesintpefadei regy efmprise an /O

Pl P ST B AR < mgasd S HE) ek il AE s Eeromies. This
/0@ nirbesdde RS beustdibyahe fildSkief0 4l dthé a @gﬁéau&nﬂ I Ifbvé&iample.

for exa Ie The flash abstraction | ayer 30 uses the

f unctl08hl  The flashopedie idayerA0 is IdéSIfaIbbshﬁf%%FFéP@ﬁiﬁQ/éﬁd cay exploit

. f

o Ehe B R RO R RO TR B0 s
mediardrisec20 byauﬂdleg/aipppft(meme flash inediendaivéd faaktiansnpdreanstr’s driver,

At step flash nedia driver may retrieve
fqr&%ﬁm@k?e @%@Sﬁtraégop taygT 9 eseq thefapctianseng propertiss of the flash
melia Sivet gdn regi stry. The flash media driver provides

the retrieved | ow1level properties to the flash

abst [922] oRIG.&/isra ﬂnw diagpnﬁ@lthn éklampld method bf queaying dlash. At step

o35Sy Bt Byl G b gty e

2 10, AREN Ash @8edi D@ Ver iy e @1¢0é lcﬂﬁﬂ:v@l Bopér¥etromah@driver configuration
provided to the filé systemat step 240. 0023

vigtike ysteahregistiya The iflagh madia dpivenprawisles) e aetaievedogmt-level | properties

S _.a tthef onent..This APl may. .
it Bt fiactioptfecal 20220 TRRHERh ao e of Tave Bricyes pigh-level
pr&@e@;ﬂy frofsiae dedervohfip@agoliatites S RIPREBRY at 5tep 230. The properties,
there are four information | evels for the API

| e,
b@th A?Wd%wl prd bigbewsbarpprovided fo ﬁ@rﬁl?@cﬁean arstere?40. pasi ¢
flas E}Ohgf O'Tﬁgh'a edih aﬁbelr Bv1d§§ gp\* Fg Lgaﬁﬂs%out the
flash regi on pe or mance | rratlo
ﬂa@wmp@nsﬂta’ﬁhia APT inmdfyades@ibieche g%nary crfftbe ﬂmhl avmpoment as well as

obtai ned fromt flash hardware its
RS, BTN G1be {yabaRerL i) cembli: Bttt foy Sfpmaition levels for

th@OCPTith ARah b PIUdERIHy AR [183EhSdi R AriVGIBASi ERRLRfoBRSkion, flash region
preferences change. 4.



[0024] Basic flash informati on desirably includes

general information about the flash conponent, such as
wo bagh23ype: NAND or NOR, manufacturer |D; serPei/uS2007/004723

nunber; nunber of regions; and nunber of reserved

regi ons, for exanple. [ 0025] Flash region

standard information desirably includes an array of

structures, one per flash region, each describing

"basi c properties of the region, such as: region

properties (read-only, wjte-once, sequentia

fanderddniermgsiane Hashyregiop mtfpwaaswfomﬁa@é 2pi figpirseyrptpndard

iRfOY Bt mmmk&siaﬁa:h isQRAIRIdrGm dRtfRsPiird&apctscFe e ior ;

BT o b SPY DT ER e TP g Hlenp dpfeymaion evsas

rhmaiwtwa&aaapmfémyce@fchatgeuctur es, one per flash region,

each ri charact.eristic
f egi Jﬂ&%ﬁ u é% %1{;’5 érgo %m%lgu giﬁsua?[ nclu €s g(eﬂr %lumgorn}agon about the
ftash semponent, sndhaad e ypet NHMD aﬂﬁlORz nnaeufa@nwp IE; seeial fiwgnber;

£ r ard

TEREF REierisne dad mpBpy s PR BRI E SAARETCT i ires,
one {6025] e§éa8he'§glfm atghdaré gifomatien desidblydnéibilespntameay of structures,
Jn% ef ﬁgsq rE gh QUlch 3K ghbiﬂg bgﬁfpﬁg%eéjgf th@ gﬁ&lsgﬁc\ﬁeﬂ reﬁlgn

1 ON, atlion and si e reserve %I on,;

RTQB%'FQFe(deaﬂ@@ﬂ)G Wrie-epes: s¢aisntial peagrasning rogdited hrﬂ_&aﬂe}sh)) page
JrQéraﬁNﬁHﬁ?' &P/s iE1nh 8SREN %E’oxﬁ&&y Q&ta 'b?teg &l deblYanBisgdde 'B%"(es per

fromthe e system This information may or nmay no
€6Re FProwmPle f1ash har dwar e. [ 0028] The '

I nf orpgeddjorFINhQu} .dsgexkiurrﬁdﬂee fn'ﬁﬂrﬁﬁtlm?&‘és&aﬁl&hﬂ&ﬁddm aR@y of
ocat ons. For ex

athered fro
R B ecte AR ToEhara9h SEatE A et g ST SIco of the region,
glich Wefead Géyghpay®vrit@shrohpeaerate thite;tirbal Syfl tefie; and write setup
teggs é% gnd some may be retrieved directly fromthe

T HE hent via a common flash interface (CFl) or
ot her[00Xd nsFladhl rasrlnve:mrmartbmfcsmwubmdmtralﬂy $ixledes an egayos
mture%pg{e Spe(l) eV ﬂ%%b?gjo a@g flt S%lelﬁl%g I rrr%glefcrtvle orneg'ogyseuch as the
nang ofdb@_resqbwregmmbquetlort amdcma of tifegeserteidarginnt dndireserved region

. r y .

ﬂ;r@fg&'[lﬁ@(‘;éagrbrw Qv?’rkatg E)qc%ao%% ?}%1 eﬂl@:glb%ggéééedj{eg%ﬁ is &%lrtaﬁ’lg"pidden
fremdhe Blesystenc ﬁhzfsnfﬂﬂaatacm mAPIoD# Badicomg deom tgdlash hardware.

four jop2gr Mt 19ﬂ)r1n§ﬁ§ﬁ ﬁro(rf?l%d bhhs Bk rrIeBi%hrﬁr@PmQ? be gathéred from
provided by the flash nedia driver: standard

mukiglenaeations- Fagrampls spmmingPrmation way byhardrcogedip the flash media

Wefr edsmam@e mBY B& PRl MR thaRYstéR $@g*§f§/ ak PO Shay be retrieved
The APl can be exte to.su

t .
Y PO PRI RIBRTGR 10 SPEngS Argtiaier BRE G ghether medns

Plas @ngooaeass elithogadisciéte segidik @idyatpdtodeSesivilspainidedhé Bidire flash
informgtion at the - 5 - WO
0394PCT/ US2007/ 004723
[0029] The flash abstraction layer will desirably combine its own information

with the information provided by the flash media driver to form a rich set of flash
properties exposed via an interface, such as via an I/O control code. There are four
information levels for this API that can be provided by the flash media driver: standard
information, region standard information, region performance information, and reserve
standard information. The API can be extended to support additional information levels as
requirements and preferences change. This information is similar to the information at the
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flash nedia driver. This is the information that third
party flash software providers woul d expose.

[ 0030] Standard information desirably includes general
i'WB;z&ﬁhE&% about the enure storage device, SUGBTAR2007/004723
manufacturer |D;, serial nunber; nunber of regions; and
nunber of reserved regions, for exanple. [ 0031]
frelymediagirivan aFtds isrtheinfemiasion dless ihiechpaytyi ftash geféware providers would
e%é)s@erti es and features of a distinct region within a
Storage device. For storage devices without multiple

di st i[0030] r Syamibas] informiatign desitablydhelndesrmeyetabinfiaradtibm about the
describe the entire devjce. Informtion here includes
oG B e e Ykhas Mgt IRy SO JUmperaBPRPF regions; and
nWhibkLofdBs@vedteRondifendxampld.t €) ; features supported by

this region (sector delete, secure w pe, cache flush);

sect 69034 d Regiistagidad infosmation desitgblydagludes papperiigsaand features of
a%&ﬁn%t %gﬂﬂtwiﬂfiﬁﬁ stk e@ige. For %?JaQQ d&licd3aate ult}%lle distinct
pertornmBnce 1 nformation desirably®rncl udes performance
regipash i kinglesssruofureamdy be iisecltto degpiriba thei enttiredevist dniugmation here

.devjce. For st.qgrage.devices.w thout. multiple distinct .
ifeiles Biopefties Bf i R e Yottt s Bnch &I i write:
fédnere € ippoRedBY iHiEreglonf (Sech@ideic, S8ré Wipey ehp FREIDE se2tbr and block

read transfer size (nunber of sectors); preferred
sige ol $5CAQTIOBRL ang parblnplerount, feeeXagids: read transfer

rate; it ' I: L i
ot b il R AR A Snfo AR B T A B
capebalrties tof @ distiosti regioh withirch stoeage idavice.nBor steragddavices without

LV eqi. f.the stora Vi t i . .
oA Kbk S oilal Sl RbERR AR o G e g dovice
Isfoerhatis mayrinchide phefetrebend aansta@gizen(huinberadfisectosireferred write

trg{;l%fggselé]@ren%& srggtglﬁsg ,gr)ea(? ?rgqsrf%)sggt%%}%g_ter t?a%sﬁerr] rz{%%?}%% geituepstime; and

weHO BAnp tife! fok BRarhpiash driver is not limted to flash
devi ces, and nmay be supported gé ot her nmedia (hard

di sk$0033¢ mReagrive standardl infarmigionadesirabliincludesimfermagion @bept a

- o C .. i b .
reBr A 0P B e 3Bladachlct iyl I BESTRINE AR M and write
opttatiosasuahras naime fof thearesaredal riegioor loadtiammndrsoeeiodl gt deservdvbregion;
aflash driver, it i.s Foazdzilglef.or a);ilessemto ‘
BAfesErved] reaior properics freadon ywriliericel for SRR

per f Qloomc esfu.pp&t;] f@n@:eﬂashaimeﬂ‘smgt liﬂﬁt@?_\'b ﬂa/shddéorcesﬁ and may be
exa , as onponent may confi gur with two
Sﬁmﬁd By piher migls (ko3 orerayADIGF IaE AT 153 e there 16 need to
pPRRdaeedf HaSmIsIRRE6h He@ﬁbﬁ?%@ic@%?bﬂeﬁ?e@.t ors 0

through N), and the remainder of the flash is '

conf il d Regardngsfiele syst@nfutitigations with shesrichwinfarmatioy provided by

0 e 80 bR S MBI e b€ o component for

highes parformiancd-4n@ loiger Thmpbndne Isigstiem FareaampldOdflash component may
bgfgggfr&%frgcgwgm‘g% Eﬁ)lgggfzgﬁ ghegﬁglt ;%]rtigr% %f t %Q:%?nlprcl)lngrg i anIfilgSred less

densely as SLC flash (sectors 0 through N), and the remainder of the flash is configured as

denser MLC flash (sectors N+1 through M). MLC and SLC are two categories of currently
available flash.
[0036] An example file system layout is shown in FIG. 3. The file system
layout 300 comprises two regions: a region 320 containing a file allocation table 325 and a
region 340 containing file and directory data 345. The region 320 may have a density of 32
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region 340 containing file and directory data 345. The

region 320 may have a density of 32 WO

2007/ 120394PCT/ US2007/ 004723 sectors per bl ock, for
and have a high read / wite performap

exanpl e e T
r ng(??'”é%ﬁ%my have a density of 64 sectors peFSUPé%@?/“"“’--”

for exanple, and have a nediumread / wite

sqveurk pertlocie for example) A havBladigsre@d V ovrite perfdrhanéd. | Ehe region 340
aIIocation_taglz?,ZS are snal | er th?n&]tﬁﬁ bl ocks N+1 )
may hgys #density of P sehiers ey bleelo for cramples aad hays agmedjury read / write
pAdYan&ss data than N+1 to M It is faster to erase

(for exanple) a smaller block than a | arger bl ock, so

it i 003¢5i Blenke Otto NoititthelEitecallopationt thlele 825 aressynallenihan ghesblocks
| b t ' h . ' .
NI MR ] 58 ol G Alory 0t 3457 Sp BB e RS BB dlNF L 1o M. s
fdstea sderasenfforgixanipie) a shated hleck thas addrparbldkoskitds dessrablado put
hi gh f f th LC Li f the fl .
SRR R % 3P B 5 e, e b CabhE Ty s e
syhedm ffategh as netadata. The file system may choose to

store its frequently-accessed file allocation table .
325 [0038he Suehcaerrampinflash qonfigwratipn rasuliginssmatlienplgck sizes and

hEhE SR RinbafiR B AL nd s SFERIBLT Mot AR e O dBlirable for
frpquendty mecessedatataSiuch ) metadetandde file sgteantay choase $6 stdre its
rienty aefred BB afipOT e g 2Ly he SEL Asfict e iing fie and
dﬂédt?@tdatawmmél;mfe&lahﬁng N(%.(Si;fi{tibﬂ b}; flagh. IMEKs atasnplé nipowMeverages
rTormance. e r u n r'rangengn )
tf[%é@?f PRItesmance ﬂggfsé £ the g%si %?cf}lee@wfg?%gg sgqiors apd theflensity of

MITC YRR sEore k€ dﬁMEﬁ‘@ﬂliﬁzﬁ%s?s%@ﬁ a4 StofiRyY tHaoot directory
i npl emented. The conputing system environnment 100 is

carients inbe Sk&npsirdoromay alsgiimptsive pedamranceg envi r onment
and is not intended to suggest any limtation as to
the scope of use or functionality. Neither should the

Egemplaty Gompuiig Arramgeinehf0 be i nterpreted as having any

depe y uirement relating to any one.or .
conoNHB7 S FG4 Sthscmentoly SuppdinednsnoRarn g shish gxpmele
e@Pedigicn3tin@ AYpdc B be iklemented. THOEMMHutiNg RPSte enOirbififient 100 is

glgner al purpaose or special purpose conmputing system

OBBNANE SHIFBRIE ST 8 UG FIEPUINESRYITPRIgeN @nd et infended|t@ uggest any
gk -’ ]
el KRS ROTPIAL GALBIERENY, NN OTRNE ol
environzeat haf be interpretedtas hayisg soy d¢peodensytos requirsmenigelating to any

oREBRU Ayl b B GPY L5oT o 55 10,
pr og {040 b NaneonusLotier gehaal puposedr speeialputpoRCsomputing system
e R S o RO SIS, SYSteMe e,
e ARNARAKS akl/ St RINBi gBfati SR Mth &S Hay B éhifabR fbf ¥R include, but are not
limited to, personal computers, server computers, hand-held or laptop devices,
multiprocessor systems, microprocessor-based systems, set top boxes, programmable
consumer electronics, network PCs, minicomputers, mainframe computers, embedded
systems, distributed computing environments that include any of the above systems or
devices, and the like.
[0041] Computer-executable instructions, such as program modules, being
executed by a computer may be used. Generally, program modules include routines,
-7-



[ 0041] Conputer-executable instructions, such as
program nodul es, being executed by a conputer may be
used. Cenerally, program nodul es include routines, WO

/s %ECT/ US2007/ 004723 progranms, obj ects,perius2007/004723
conponen data structures, etc. t hat perform
particul ar tasks or inplenent particular abstract data
ptrggrems, abjests, compentntsodga tsiru@ulemtcr charpadernhpsrtipelaytasks or

b Sent BRHPHRL bR RS Rese Bich RS AR TR S IR0l iy be used
vitidhe taskidre perfernsedi lgs*embtermdctassrng Hevieescthattare bnkeeldhrough a

co%)ut |a||g g sfl{:'eé{y& Im b‘lﬁ%“ﬂ 4%{?3 rn%g}ﬁanl%?lg{%%ﬁ g-h% g{bu%leadtc%mputing

v R6MAAEt B An Medued e d’fﬁé'foaih BhPbaRatde i B&HA local and remote
[ 0042] Wth reference to FIG 4, an exenpl ary system

computed sragegesid mcludingioemoyerage ¢Ryiesvi ce in the
for
oL, SRRyt P TOATEI SRS ARl pros
cbﬁfputlag dyrsteeim the foymyof B3®mpated 130. ¢9tr$nn¢nnsoﬂ®mnumxtl 10 may

S varl st em conponent s i ncl d| n t he
e §t 5% PRETBi Y B P oo o2, SR ety 430 i system
bhe @2 menat t@gﬂ@s\eﬁbumystdnp&@nﬂ)@@h@ ahclﬁulﬁg ﬁﬁ:sdyﬁtﬁmtmel’mry to the
such .as those supported on mul ti -t hreaded processor.

Procesyng paitnl By o fmoq?wnmmaw BrY sppesenl mpljipledogicalipracessing
uhits Q&dhLHSQﬁoée@ﬁ%Meﬁ%naa mﬁbéagé{ﬁ I‘BECSWI% system bus 121 may be
control eri phera and a local bus using

aapipf egvezal vypes of busoeftrllgusesandhdme @treTReLy bBy onEgmery controller a

R B TR 0 PR s, By wev o

ehmple, ﬁitbmm&:lnutktlom duek txchiedtdedynchuds IndintraScadatdArchitecture

E%& %‘EQIC\('&H ‘Aglﬁ@%ﬁé{;gl C tba?;ﬂffgrgﬁ@ﬁfﬁ%cﬁ% bus, Video

BRI Siards Aekdcilith ((\@99 15&@% afid PBABIRAI o bnkat

The system bus 121 may al so m}:;l emented as a

Insroennecs (Beh bus éairmlemwrm Mswaam@n Y. I sydem@us 4 Ak may also be

@g (# %1?1?&115‘19 sgﬁt\fhlﬁg?abnc or the hﬂcQ Qf}l:lgclnlg the
npute typ ylnc udes a variety o

copmnid atingweldviags. Con'puter readabl e nedi a can be any

avai | ia.th can essed onputer 1 ,

ol 1] SRk 0l R i RESRSR TR of SR pediBle media
Canputalresdabiomedin carcboand vail abiel nﬁdlthat\my behc@x@ﬂﬂiyﬁt.omputer 110
and not limtatjon, conputer readable nedi

angd insludes bettiyalatde and penyglatilsme aaqealoef%tﬂﬁaw? B fegppvable media. By
W@}%@xa@répaﬂ@ﬁotsﬁﬂra%gﬁ J&@ﬁu@erlréwdayréeﬁed?@ﬁqla v&haﬁré &mputer

and nonvol atil e, rem)va’b and non-renovabl e nedi a
storpgecedia epd Wmmuylcmmmadlér Comapiipostorgge mediagneludegeods volatile
inf
a'(rj;ﬁ n%Bi@%@%{kgﬁ%&&bl@ﬁn&f?&ﬂO}é%Ju'31%@9%1?4 @ﬂ%&@&{f td 83Smethod or
t€hmplogg forsttomgeyef mﬁn‘matwm sichdie spmputer readatde 1dstrmttomel data

SRS e AT BRBYES th oihr it Eoaper SlopteySedi s, but is not

1hiey to PRAM, ROM, EEPRUM AUBh nisAEIe bk 6theAmeRbtERchnology, CDROM,
netic di sk storage or other magnetic

netic_tape,
e é(@‘@atdéﬂsé‘é@ onpenertical dekiparmeaPesNcHE Aaseltass@agnetic
thyse, %Ia%ﬁﬁlct dig 463k¢ 81dothQrf 195% i QfdrAadeWRES br Qﬁ}nother medium which

accesSed by conputer mruni cati on nmedi d
cey be gedd to stai thei ct@@lrft;btnfmmrlom atiwhich camagoessed byigomputer 110.
r
éjn(gxgra}lrzl'ti:{letg)% dg%%ﬁ S)Irpg%agl? egtﬂgﬁgggl)rgﬁutg{ re%rﬁ)% 1ng§\‘i&10l119 (ﬁﬁtar structures,
Pregr2midediRG38 HORET dai320 @ Ttk Bd dta sagmeﬁ <su¢h am&mcmve or other
and includes any information livery nedia. The term
"nmodul ated data signal" neans a signal that has one or
nore of its characteristics set or changed in such a
manner as to encode information in the signal. By way
of exanple, and not limtation, comrunication nedia
|ncI udes WI red rredl a such as a WI red netvvork or

- B o — P—— _— e




[0044] The system nenory 130 incl udes conputer storage
media in the formof volatile and/or nonvol atile
menory such as read only nenory (ROM 131 and random
a 5y (RAM 132. A basic input/output

9@8?@7@@ cont ai ni ng the basic routines that §’§Z 07/004723
transfer informati on between elenents within corrput er
trapsportsmedhanismoand; ln@U@Qsamy mfprmatmmqtbwcralm@dla;tmé@rm fmodulated
RN, M 132 nt.a
dpr 3 g&g‘h %Rﬁs a’si SgntaL%fc?{ lgar% eon|¥ r??rgj 1|§s c%g%a?geglss?éﬁ Jéat er changed in such
aanaghner am@aemel iyfonmaticn mpihe siged. B_m vshy off exarrpis] ang noblimitation,

120. | e nd _not limtatjon, FIG ., .4 )
PRI R e e gy DA such assied Stk e tpized
corioctiOh, AN vRFRGE %mdm%h ﬁ§acje'§§ﬁc R i P8 MO ARdrawiteldss media.

0045] The conputer 110 al so i nclude ot her

inatione oham: ¢féhmlzqy|eéhowé lalsoibe éndhededorithin the seepfpef computer
dﬁBl age.fiedia. By way of exanple only, FIG 4
IPUS{Tates a hard disk drive 140 that reads from or
wr it §60449 Mdwe-systemvadrhery 130 nvadbdes icompnegstetage nmelgh ia, thaform of

etic disk drive 151 that reads from or
PEfAnsos RoR Sl diartdy st T iy iepilsy (READUET and réhom
aOgtiss firnody GKANDi182. A bhsit hput/o@paissykiedin 331 (BIOB), Qanﬁaﬁureg the basic
renovabl e, nonvolat|le opt|cal di sk 156, such as

rextnes thag hela to Bprsferdntospaten batyeey elements within computer 110 such as

I I
TP L 00 AIPAGEL Sy KO8 EAOPIY L RARRR o
pupg;alatmwgﬂqsrtkratrammcdlatnb'l aqdwlbbup aadkor pmsentlyhemgjopemted on by

PPl ERERSPRRY ool SR RIgB S 5 Gl lgperaing

sgatmd 34 zqipﬁcaR{aidl progidmk 185 |dth’fﬂ' prdgremhnsdhlei 196, atd pregr]aﬁlldata 137.

o BT e SSRGS 570 by e e b Bes o e

veld1d/manBlatife &Un%ﬂﬁté}rstdf%e]{ﬁédl@ngyw yiof %karﬂbl%‘fm@f FY@ 4fifstrates a

are typically connected to the System bus 121
Iadiie mibatyeawtfmm gewritesiie nomem%tabler a@@/()iigde magnetlc
4a]
A DT 15 IEK SRR SR B3P ol ot
gnptna)tshsld 53 taod ag epidal dzkplnitve 1 55 dmd sdablefromsdrrrites rsremovable,

rPRLSTuTh pHEG 955 38 {0k O ROBF o Qrenlat aRf o B

rétnovabdlelddn-fesndviablestdlailesloavol &tlo computePgoage ﬁ@dﬁlycﬁite:ﬁh be used in
144, application prograns 145, other program nodul e
tliwerrwﬁgy OPergtingerpitoamentinciuge.dut prgmof fimited é‘br%%ﬁ‘ié‘?ﬁ @pe

cﬁs?seu@sl hﬁﬁ{maﬁof & 1t§15ve9§at1f9 élélesr slrgitalf ¥i948 QP& salidl Bdte RAM,
/stem 134, appl i cat | progr ans

e RN h@slait@dl?hedmd Q@k dnheﬂ%rsagplaaﬂ)nmm@sd to the System
r.o 4
E T R A A
diskdirivedgi and dpthcaﬂ Ak dalve 165 wenypicdlfyssoanéctedimithe System bus 121 by a

0 ustrate t a.mn they are different
rgagya@ie mg{nagyelptq%é SHt }b?s g Q]E%O and i nformation into
the qOUq@lt eThe 2RiveHaRI@bIr |a§H@Uffate@Q:\éh§ﬂﬁar fs‘w@ztgeaﬁecﬁta discussed above
keyboard 162 and pointing device 1 commonl
apdildjstiatediip FXG- 4 nipvide storasof sampuisy readakle lwulcu@% dpta
strﬁ&HPes g;gr\’)gﬁﬁ?m()ﬁlﬂﬁs M%r dERY ok fifel dé?jrg)u?er 6! rﬂ@@”@ for example,

anme pad, satellite dish canner,
sk dtrn‘eesla‘llaﬁ illustrived a sioting dparaidegssyatean b4, @pphcatlon programs

AT MBI PRy Lo

ebihér beale bencavrekffadntfyomvpantingi$yetdhats, applidation programs 135,
structures, such as a paralleb port, game port or a

uni versal serial bus (USB). A“honitor 191 or other

type of display device is also connected to the system
bus 121 via an interface, such as a video interface

190. In addition to the nonitor, conputers may al so

i ncl ude ot her perlpheral output deV|ces such as_

I P —— o N A PN

m

——



[ 0049] Although the subject matter has been descri bed
in language specific to structural features and/or
net hodol ogi cal acts, it is to be understood that the

fer defined in the appended cl ai ms
g%essarﬂ'?%/ limted to the specific features oir)éT/B?i(m/004723

descri bed above. Rather, the specific features and
othet rogmsrmpthelds &ifpved arograiil dath d§2.Operatingayplem 14k, applishtion

PR B e5h o o g g e sivenirn

niithB&h heren® ane ithte Ghi) 3t lalGinfrigrh St ¢ BiTifféreMCcopies. A user may enter
processor the system conpri Si néy a flash driver

cmmandsedipfofpati g igiadthe s?mp@tﬁ%@ thaouahAnpi dgices such as a keyboard
16?&?& sHiftéhfadvi@sB1 C&Jﬁ'ﬁﬁ?ﬁ?&feﬁé@to as a mom?sef tradkbalY §f foith pad.

recei’ves the data mthe flash driver, said
Od@r alp@odpm?@(n@ sbown hme e frichtde @gmisfophopd, umasnpk \gapfe pad, satellite

dfgh,;’s(réérﬁ}e? or l%: s TRE aaﬁ otljle?%rp]u?&éwgeg%% [6) % c%n{lected %o the

rISICSIHC ormance 1 n
prodessing umitri20dhivagles aserre@uv Iilftenﬁécetlléé thodt iy @duipleg tothe system bus, but

di screte r i ons, erf ormance i nfornation

G B GRS LY S AR YRR SIS patss] gort, game port
o SKHVEEA sERAHSFUSBIA HdRitdd 198 oHoMe? rﬂs}pé%frags laﬁﬂiedﬁ%@s also

to optimze file systemlayout and use of t

canaagiedh enthe ar/stq:reéwﬁ 12 hvigantintesfage; sychzas ﬁgméﬁ@em@rfa%l%) In addition
t(ﬂhé fﬂfoﬁtgr ?19129 €IS ) ?}58%(% g)tgglgg ﬂep @ggﬁ oHFp'ixt gé\’?% Gfich as
s;zegkﬂrsa ﬂr9’bﬁnd:p1mtm 196, whishanay bérm)ndatted ﬂmn:ughem ay pespheral

eréilnformatlon pertaining to the flash
‘Bf?%r]l 't 3. The systemof claim1l, wherein the

f | asf00dy] v&he tompsiapt BOmapopeeae Im/@nétb&)rleb@temvrreméndmglg logical
the flash conponent fromthe flash conponent. 4.

CRPSEANS &P ORG O RPTE TCRALECOMPUITED SHEhpas removeqomrhf%@e"s‘he remote

computer 180 may be a personal computer, a server, a router, a network PC, a peer device
or other common network node, and typically includes many or all of the elements
described above relative to the computer 110, although only a memory storage device 181
has been illustrated in FIG. 4. The logical connections depicted in FIG. 4 include a local
area network (LAN) 171 and a wide area network (WAN) 173, but may also include other
networks. Such networking environments are commonplace in offices, enterprise-wide
computer networks, intranets and the Internet.

[0048] When used in a LAN networking environment, the computer 110 is
connected to the LAN 171 through a network interface or adapter 170. When used in a
WAN networking environment, the computer 110 typically includes a modem 172 or other
means for establishing communications over the WAN 173, such as the Internet. The
modem 172, which may be internal or external, may be connected to the system bus 121
via the user input interface 160, or other appropriate mechanism. In a networked
environment, program modules depicted relative to the computer 110, or portions thereof,
may be stored in the remote memory storage device. By way of example, and not
limitation, FIG. 4 illustrates remote application programs 185 as residing on memory
device 181. It will be appreciated that the network connections shown are exemplary and
other means of establishing a communications link between the computers may be used.
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a flash nedia driver; and a flash abstraction |ayer in
communi cation with the flash nedia driver. 5. The
waymvaemsof claim4, further conprising a systemT/US2007/004723

registry that provides |owlevel properties to the
flash nedia driver, and high-level properties to the
flash abstraction layer. 6. The systemof claimb5,
wherein the flash nmedia driver is adapted to provide
the I owlevel properties to the flash abstraction

stemof claim4, wherein the flash

| ayer. 7. The s ] 1 .

modi 0031, o theyeth e spbigetreatics B bren dreerige it IrsyapeRgific t

L0 00 DOTos B The. et gyt metter
[ . .The system q ai m

e 5B Rpreree PRt Aok nersres TP P peetisfp pied o st

dendriteiaboan Ry tie ngcHlc feaast andactodesdiibddebend arb ldizelosed as

eQ{a?‘el Qr. se .tmore Si s an aidi fferent performance

AFT PGB O PGB Nt X yr al ity of discrete

regions of the flash conponent. 9. A nethod of

guerying a flash conponent, conpri sing:

=11 -



receiving data pertaining to properties of a flash
conponent at a flash driver, said data further
conprising characteristics of a plurality of discrete

r@ﬂ:}ﬂi&?ﬂ%ﬁ he flash conponent, the characterigé&ie82007/004723
i ncludi ng performance information for one or nore

di screte regions of the plurality of discrete regions,
What ip€ldimedunce i nformation indicating a performance
| evel of the one or nore discrete regions; providing
1t?$ received data to a file system and ¢ .
ufy 11455 CREPPR-ET GUEYINGY SRR OMPESR ARINGSY P SHIIFB CPIpESing:
Syst gPhiPHdi, ABELSEBY B pr&Rsddrafhl AAMRARRAL REariR3%! flash
in part by utilizing one or nore discrete regions

cegpanehtaad wi th a hi gh performance |evel for

frequently accessed infor i on . Jhe method of . .

ol a0 S BF RS R P AR FaPhing och iy Sh, i A gSmprising
clidr@sdtistospoNpataliePodisGers ré 861 ofithaflskhtdnipoRent! the characteristics
flash conmponent. ~ 11. The nethod of claim9, wherein

inchdingpesgraancs ipormation fog oneor merefdispsete eegipnsiad the plurality of
SRR R AT B TR AR everF e onc o

moesisdrse egiond, asdithedile systhinh Using thRrddtd ©@Ptivizeofild 3y stem layout and
pertaining to the f]ash congonent conprises retrieving
uggfAhe Hashgompenent & leastar part gy uiilizing ongor mags digarels gegipns
. . . . - sh
SR3OS S ol LS BRI Al
nmedi a driver, further conprising providing the

2rrel;éri eved PI ta ﬁo &qhe. fLaaqr} bstracti on | ayer. . f14. :

TRES RS{amat Hrine A aveTes (g dats Fither S3RPRSS REPPBR B A GEion

p&iehihg RNAL A Sorhporlehe Tl ash abstraction layer froma
driver configuration via a systemregistry.

3. The system of claim 1, wherein the flash driver is adapted to receive the data regarding

the flash component from the flash component.
4. The system of claim 1, wherein the flash driver comprises:
a flash media driver; and

a flash abstraction layer in communication with the flash media driver.

5. The system of claim 4, further comprising a system registry that provides low-level

properties to the flash media driver, and high-level properties to the flash abstraction layer.

6. The system of claim 5, wherein the flash media driver is adapted to provide the low-

level properties to the flash abstraction layer.

7. The system of claim 4, wherein the flash media driver is adapted to receive the data

regarding the flash component from the flash component.

-12-



WD 2007/ 120394PCT/ US2007/ 004723 15. The met hod of
claim9, wherein the characteristics data further
conprises information regarding at |east one of
d‘v&‘éf‘do%ﬁ‘ios&! ock, page, or sector sizes and difhefB8007/004723
performance attributes in each of the plurality of
di screte regions of the flash conponent. 16. A .
8.c Thp eirstam pbeldian L ewbereindbechasaiteristicbdgia futhegcomprises information
[ u ' i 0 t . g
G SRl G e b0 BAS PE sk R b PR Berformance
atriiguest i leactxefahié plurality ofdiscreteirogisn<ofthe flashn@mponent.
comput er - execut abl e 1 nstructions for inplenenting a
flash nedia driver that maintains data pertaining to a
fl ; - execut abl e
9”| nAiliﬁ ?tblg??gﬁ'%?g%g aiEHr%p %%%?qeﬁg%gﬁpﬁ%g " abstraction
| ay erectilviatg daecgarta@ing toeprdpdraed sfanfldsheofmpasdnt mealflash driver, said
driver and pr.ovides the datfa to a fjile system sajd
At Fes AP RRg i it pot PGy obQiSHER 2r0Ys Githe lash
c&hﬁ&{eﬁﬁ ehd @atRRSiskes ihaﬁdifnk RomHee MBimatioRSor one or more discrete
characteristics including performance information for
regimns of theqpleratifysafrdidceete sagianssthe performmapke imddimayionfindicating a
di.screte regi.ons, the performance information
PgTTQITatcs 5T s 96 SR G1S6 TS8R Ehe one or more
di scpRvRIinEHe tRivedraltDQ fldstdiind used by the file
systemto optimze file systeml ayout and use of the
f | ashtilizngteaiata iyt the Edessysiem toaptinize fileisystemdagyayh anduse of the
re discre regions associated wth.a hiah. . .
IR RpfoRRliat RabGH o Py REGRE R0 5 Mot uBatle Mirgpaspocisied witha
hikR peffbenaremeveEfor frRgaatlyaicedseddigforimdbnim of cl ai m 16,
wherein the characteristics data further conprises
information regarding at |east one of different block,
a [ :
16°%6: pifhoSSFtin S 4Bac ek SHrBRkRE RN componen:
corepri @8 secefvingdatd frasithe faghosvdipgonentl8. The
conput er -readabl e storage nedium of claim 16, wherein
the flash nedia driver is adapted to receive the data

11.r oRe tkehobiloReRirk @["ﬁ/lﬁ&féﬁlt recei@i\%ﬁ dIﬁ%eﬁQimg;tlﬁ lthd 8a#aBhHonent

storage nedi um of cl ai m 16, erein the ash driver
comprasgs prcetyingdate freinvass yisem tegistrly. properties at the

flash nedia driver, and high-level properties at the

flash abstraction |layer, froma systemregistry. 20.

17 hehe MBTHAl OF clafiA 9avherefil tRE Ash AR UBMPHisesladladh hfkdia driver, and
wherein the flash nedia driver is adapted to provide

recpidingsigtd pay@inipg topke flagscamponpet dompsisesisyiaving daphusing the flash
nleﬁ%%‘i‘ver.

13. The method of claim 12, wherein the flash driver comprises a flash abstraction layer in
communication with the flash media driver, further comprising providing the retrieved data

to the flash abstraction layer.

14. The method of claim 13, further comprising providing additional data to the flash

abstraction layer from a driver configuration via a system registry.
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15. The method of claim 9, wherein the characteristics data further comprises information
regarding at least one of different block, page, or sector sizes and different performance

attributes in each of the plurality of discrete regions of the flash component.

16. A computer-readable storage medium comprising computer-executable instructions
that are executable by a computer to implement a flash driver, the computer-executable
instructions comprising;:

computer-executable instructions for implementing a flash media driver that
maintains data pertaining to a flash component; and

computer-executable instructions for implementing a flash abstraction layer that
receives the data from the flash media driver and provides the data to a file system, said
data comprising characteristics of a plurality of discrete regions of the flash component, the
characteristics including performance information for one or more discrete regions of the
plurality of discrete regions, the performance information indicating a performance level of
the one or more discrete regions, and the data being used by the file system to optimize file
system layout and use of the flash component at least in part by utilizing one or more
discrete regions associated with a high performance level for frequently accessed

information.

17. The computer-readable storage medium of claim 16, wherein the characteristics data
further comprises information regarding at least one of different block, page, or sector sizes
and different performance attributes in each of the plurality of discrete regions of the flash

component.

18. The computer-readable storage medium of claim 16, wherein the flash media driver is

adapted to receive the data from the flash component.

19. The computer-readable storage medium of claim 16, wherein the flash driver is
adapted to receive low-level properties at the flash media driver, and high-level properties

at the flash abstraction layer, from a system registry.

20. The computer-readable storage medium of claim 19, wherein the flash media driver is

adapted to provide the low-level properties to the flash abstraction layer.
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