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RECLAI M ALGORI THM FOR FAST EDI TS I N A NONVOLATI LE FI LE

SYSTEM Wth the continued increase in the power of
woaeopuied4s, there is a growing interest in netROTAS2007/004706

capabl e of delivering nmulti-nmedia selections such as

vi deo and audi o material. Technol ogi cal devel opnents

permt digitization and conpression of |arge anounts

of voice, video, inaging, and data infornmation which

may be rapidly transmitted from conputing equi pnment to

RBEL AN LECORITHM #OIEFPAYTKEDTTSIN 4 rﬁbﬁfxﬁ‘ﬁ%milm FILE

digital technol ogi es aIIOM/Iar%e anounts of data to

transfer fromone system er. Static data types

such as images and vi deo objects and stream ng data

types such as audio and video data require |arge

vol Withdhe tortimedgecrspeda theTimavatalficoapyters, théee@aRGving interest
. traints..on the ry devices that are .
i B AL b PPt ol P M el e it material.
Techiailagioj destBpnivat meembl digipiestic AFRNEEnHERi Y SFRPESardbihts of

. needed.. BRI EF 5F§CRLPTION,OF THE DRAW NGS The subj ect
VoIGEaYIFRD: 'PRE IR 87d datadpformptionyhich may berapidly|tepnppitted from
compoiiing eghiphhen8gdchthérsdevitet hithéd Ah8®rbrk N Thile cﬁﬁfgﬁhv&'ﬂ &

tion of the specification. The invention, however

o )
teChEB ko3 allpy laregamamts ofdaimi trnsfrsdram oppeysiemde another.
t ogsthnedatWic s QREIRES Snage8 MAN RS0 Bt PAVANE98: data types such
may b e §?%ewp

t her eof est be understood by referenc
as ayQip pRdvitlgodiBtareruiire dge volptics of slocagerspack. il hdhddlhery of streaming
dataHEERE BN Oh M AR b &N hatd EoadublS oRndLAd A 4

that illUStrates aﬁh\%\/l?hlr0 e %%@“%23?%% t ﬁ%atbll? AcBF Efb’%a‘?&?m“
deadline gequireynanss efiddsh ebigcisi Newemsmoey perdonmariee ifprovehenBvire
needefC! @i M col | apse al gorithmin accordance with the

present invention; FIG 2 is a diagramof a

nonvol ati | e BRIBFYDERSCREPTION OFOTHEMRAWIINGRal files

prior to performng the new reclai mcoll apse

al [ ' di,agram.of .a nonvol atile nory,

30 IR bTL et R MRS 5 By B outed g and

distin¢tly cleimedeinl the pbwdldiag pertikingdrihé Mﬂcifafh@ogl @-fl})e%\}e‘htian,l however,

dj f..a nonvolatjl e nmenpr tQrin ot.h orjgina
both éalﬁ 9%%@{1@2&1?1'1 Iagd Ynetl?oci ofe operarg%n}/tosget elr wgljth objects, ftlazglures, and
advantages thereof, may best be understood by reference to the following detailed

description when read with the accompanying drawings in which: -

FIG. 1 is a diagram that illustrates a wireless device that incorporates circuitry to
enable a wireless device to perform a new reclaim/collapse algorithm in accordance with
the present invention;

FIG. 2 is a diagram of a nonvolatile memory structured to store original files prior
to performing the new reclaim/collapse algorithm;

FIG. 3 is a diagram of a nonvolatile memory structured to store edited data prior to
performing the new reclaim/collapse algorithm; and

FIG. 4 is a diagram of a nonvolatile memory storing both original and edited file

data following execution of the new reclaim/collapse algorithm.

It will be appreciated that for simplicity and clarity of illustration, elements
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data foll owi ng execution of the new reclainfcollapse

algorithm It will be appreciated that for sinplicity
wand7cberpty of illustration, el ementsill ustraPed/uiszo7/004706

the figures have not necessarily been drawn to scale.

For exanple, the dinensions of sone of the elenents

may be exaggerated relative to other elenents for

clarity. Further, where considered appropriate,

ref erence nuneral s have been repeated anDng t he

illudtlatidrifShd Aghredh n
lluctia 3 BedrRe R o RISl S R R RO e ampte, the
dimepsies| afgome of ﬁh%@lpmntsmmb@emgpmd‘ tetativettaotter aletnents for

t r hor ough under st.andi n
ol e oS BRBIIR., B R ARt Eh g rebeated
amonp deefighies teeihdicate d;mwspbndih@br hitdo g ehdtheritflvent i on

may be practiced without these specific details. In

ot her instances, well-known nethods, procedures,

conmponents and circuits have not been described in

detail so as not t re the esent i nvention. In
the fol | owi ng descﬁ?lg?ggﬁ QrRIE%‘P Prf’élpl‘ﬂhe terns

"coupl ed" and "connected,” along with their
derivatijves, may be used. It should be understood that
t hda dhe foflpwing @ﬁtﬁ@ﬁd descEpiien nusesyusopypeificdstailsachset forth in

ordeRtdpovidiad m%Foughrhrﬂ@FsH Vr#%f RERRALABL! ?Iovxieggp me\,g/tll:l?e

my be used to 1 ndicate two or nore
undgrgfogdl by dhosgisleileddn thy are that thei pragent orveation malbeeQﬁadrticed without

" hat t
thesg%@%g%y@étérlgsy Igl:wﬁérqg%tg e‘glglﬁr&ﬂl recy etc%cilﬁ" QE?CC\%‘IEGH’ ERgpnents
and ejr¢idts halyg nothengtesd:dlbadan@ipmnleetoeasomt tobledcasd theipkdseriBigention.
ot a bl ock |Ilugtra »

oITIt(? |Ehoe nt%h&' rggcéescn?n?{ba%%/ tte"f‘ﬁ cFUE i%‘pgaé’gt GPrrected,
alongfththfl&em’cbsemiveisnmybbm@ed h%tshdiliﬂﬁ b?gmtl?@ﬁfoﬂ%&ttﬁélse tE@ks are not
. e € oyl O @ _Processi evi ce n
inter g B SO O AEC B LY. HLRATtieulsoeRgodimeptse ‘eapected”
may eyt td:ﬁtllcﬁﬂﬁthdﬁhﬂ&@: mBte eléhiéntd %%Si%rﬂlrécp%{%éa@ Br ERctrical

not limted to wireless applications He w rel ess
contachydi FRSRIOthET YIS Corplsd” TRyBean thatleva,esmarsielements may or may

not Bl it SonfacidtH B bisdrInalyet &AMQ Bge Afe mﬁﬁra W1th each other.
antennas. The anal og front énd transcei ver (b

st Effd- hisgnilors diagram é‘éﬂﬁé‘ﬁ‘éyg @}RPFIQWW(HIIMIWS@Q& that includes
featrbd Sttt pr&@En@h{ &AL h¥EhY 89 ﬁlc%%ergtg? dfg g%(&r}gﬁllet into-a processing

processor 14 as a m xe ntegra
devige b Inctiie oot ment Sbb‘gnan)ron@;mgeieﬁ'roed@as aywireless cornmumcatlons

devngeio‘g:ﬂf:%\f)g;&sgﬁg 'nvfefgllcgrﬁfs%%’t ll‘rﬁ%ﬁ t& %% %s% %g? t 9 ai%gfk;) gﬁé‘c&})‘ue witeless
embeglipeata iragscdiver @ both weeivepsst trarh;atltSI autloddlesed signal from one or
more antennas. The analog front end transceiver may be a stand-alone Radio Frequency
(RF) integrated analog circuit, or alternatively, be embedded with a processor 14 as a
mixed-mode integrated circuit. The received modulated signal may be frequency down-
converted, filtered, then converted to a baseband, digital signal.

Processor 14 may be a stand alone processing device or a chipset that includes
baseband and applications processing functions that utilize one or more processor cores.
The processor core 14 may, in general, process functions that fetch instructions, generate

decodes, find operands, and perform appropriate actions, then store results. A memory

controller 20 controls a memory interface 22 that allows the processor core(s) and cache
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'mcowgﬁtgﬁgﬁp de

baseband and applications processing functions that
utilize one or nore processor cores. The processor
woan@/1hde4may, in general, process functions thaCTfust@®no04706

i nstructions, generate decodes, find operands, and
perform appropriate actions, then store results. A

menory controller 20 controls a nmenory interface 22

that allows the processor core(s) and cachenenory
enbedded wi thin processor 14 to exchange data with an

men?dﬁf%hf&ldd%’ Witk 151% S otLﬁ{eoﬁ J\2l &)&B% exPJrgglesgéﬂengmemory

device 10 may 1nclu nen such as
Altheughppeshoadd ipracessing geocese mayamlede othapcurhpmﬂqnm such as, for

exarﬁé{eqdﬂﬁé{%ﬁme&% 8&%@%%? n@gﬁm & gﬂ:g:as ﬁ%’l compoXaents

and systg@mn mmﬁ&yh&v&:eROHobﬁeﬁ‘ strosimpliity thees addlh@tﬁ)éﬁfn%ﬂhents have

e a conbi nati on of nori es such as a
not {eB Sy Rrolbee Mecn BN BRIy mRACIuge RESEOBRpaE derporics
such(&3QMlis@ROR ahdoan Kot et M@B@W?”ﬁ R&dd @Weﬁ%ﬂ' (¥€OM) and a
type nor_variety of nenories included in
"O“Qgéﬁlsm%wr%ﬁ althoyghpeithey f@ﬁémﬁnqu@ns&yecsfémmorles included in the

systé \W@Hhb9 hre NARMADAS bt Be %%E@ﬁﬁ’mgéhtm?‘y be a NAND nenory
device or_a NOR nenory device. Exanples of nonvol atile

e Ry o Btile g mony: R4 maye EFORD myenmryslevive oo @y NORrmemory
deviEi. eEthEl%L 'anéﬁ\%?ﬁme %@4%5}5‘[@“30 S PRIX R Sr}T]DI\fI?/mory’ an

Menory ectric M Access
Electrigly)Eragabies gﬁeﬂnm@@b é{ﬂadlellRaﬁdDmyKEWMJmFmoelectric

Rand M M0 B S0 PRI S5 SR htmory
(PFRANBD dagheti¢ Bandgn iArstssidichong (MMMD aaDeordiUnified Memory
U B B B 0550 A e
mfommimnsdv@ndwt}hﬁtbcéshﬁlg&mnﬁ & intd o vRir@BBEHrvAtIHHERbES ngﬁ/ever it
h Eﬁb ﬁ]ted Eo t hese exggples Al t houygh processor

shoufi e Haftrbioaiiis tcwaPs OBea SshIR I I BMbETEd tprikese
exangples.r el ess device 10, the processor and nonvol atile

rregr}%/wrmy be included together in applications other
t hantiRrel pesessep b ppd praylatls mermencifeare shewninionpprpted into a

wireRIDQEViB® N0 Sh@brdcB&oP RS ﬁ@ﬁvdlm’]@ 'Pllié ncg’a"m%}/ Qeemléﬁﬁgd t@ge@her in

variety of products, with the clal bj ect nmatt
applicationsgRfhet Ban witckesg ésmt@poesmqompem@edt a"gﬂcepbpgb/mlﬂbodlments of

the pfi’%‘réggﬁlgleh{g ioh 3:;’1'&2153%%% i‘shfda"ﬁ%lgéy B%ggﬁﬁ tRE q%ed iub&eﬁ:t matter
P

DeYTPIterss lamqp,s, smakt phmuescMRBeplemrs prEeEras,
comﬁ\ﬂh&gfgré Yhd Péﬁs%a@ﬁlg‘ﬂl%&fs‘?&% E]ﬁ)A fiedical or biotech equipment,

automotive safety and protective equipment, automotive infotainment products, etc.
However, it should be understood that the scope of the present invention is not limited to
these examples.

Processor 14 includes a hierarchal file management system 16 and a Random
Access Memory (RAM) table 18 that provide the capability of handling different size data
blocks to improve utilization of the available storage space within nonvolatile memory 24.
One example of software executed by processor 14 includes memory management
software that may be used to manage the storage of code, data, and files in nonvolatile
memory 24. The memory management software may be referred to in various

embodiments as code management software, data management software, file management
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However, it should be understood that the scope of the

present invention is not limted to these exanpl es.
wénowasea® 14 includes a hierarchal file nmanageaemis2007/004706

system 16 and a Random Access Menory (RAM table 18

that provide the capability of handling different size

data bl ocks to inprove utilization of the avail able

storage space wthin nonvolatile nmenmory 24. One

exanpl e of software executed by processor 14 includes

softWEFRD FiYe STRRAE SoRWAreS ffd YRich ﬁmgﬁé%c%ﬁt b&riaRd ﬂE#? afP 3 gement

t he storage of code data, and ['es 1 n nohv
softyyarepnya Has m%amggr managenent softvvare rray be

f
LRGP Rl TR SRR3R
nonMﬁalgemosoM avat may be Ifaclsgcsarem@olﬁttewanrom tHel rlo?tvsmmeeﬂibmory
[
PSRl M 158 Bl 0 TR R et Semory

(RAVEN dDEs ey tRodkforpideo A8 ExbeutsIaPestel (RIPPRVRINRL fldsh memories. In
be fetched and executed fromthe

4 an
anol G abaimegt B yo ERARTERLS Rt FER BR €oBAeptign processor
14, l oading the code to a volatile Random Access Menory

RA_ . This may be referred to as Execute-In-Pl ace
% YP%P@SWEH%ISI*Y&W ke aombigs amymbes pfivriquerbeptibifisies to provide

stord@%o@f&%fof@ﬂ@&ﬁgﬁ Rbp BN it ma'ud% én?x'éﬁged\%ct,lg Yeollapse

processor 14. File managenent system
algorfmmé@ reshuce quuenm@éwpwer Less Rqolpwamnﬂ ¢PERpstags and reduce

menﬁ)(}klﬁtag + {9 k1ﬁ edded applications that include an
en ance rec col | apse algorithmto reduce the

nufber 2 @hO‘F’@m pmboéicsndﬁtte pf acremtitle (RIok)ry 2Mahstsnelndes a memory

e RS TR o LRSS L B S USE i

figuree nomvwolatile ayerhdwyt 24 1SCl$ltlésuﬁfzcluilhed10®y tblifckﬁlﬂ&tﬁged ]gu 910@1@39202 204,
trated in the fi

206, Y08 PR S By B s 5 B oot e Sumngt oo men the fge of the blocks

is a liaitatiew irothe Pk@eksinZ&ion? Qﬂ,otl?é?@«orag %oﬂogla%ﬂeomel@ﬂ-y @@%rﬁy

cEat the neither the number of bl ocks nor the siZe o
mclu[

EnArBIaving fewer thandivedtiogks qrpeorsteaefive N‘W@‘!t Fwther note that
block 210t RbeaLE SSPARE QUndlsklvas U8 g?éﬂa&f‘ném%ldcﬂqg gﬁj)?

array having fewer than five blocks or nore t |ve
folloifyg REecufign O e TelimicR Hepsslabicitam (Nony olaitie sehars 24 may be

arrayc%F\WﬂE n@BFMREE YEISARE” B1dcRP Hidt GABRLe DL LB sttird € in accordance

w1th runmn g the reclaim algorithm.

Each block in the array includes a plurality of nonvolatile memory cells such as,
for example, flash memory cells capable of storing either one bit of information or
multiple bits of information per memory cell. Access to the information stored in the
memory blocks is provided through physical addresses generated by the memory
management software executing on processor 14. Whereas nonvolatile memory 24 may
only be erasable at a block level (a block-by-block basis), specific ranges of the physical
addresses map the information stored at a byte level in the individual memory blocks.

Block headers 212, 214, 216, 218 and 220 correspond to the respective blocks 202,
204, 206, 208 and 210 and may be used to store information pertinent to the associated
block. By way of example, block headers may include the size of a file stored within the

associated block, a location for the corresponding file within the block (e.g., the byte
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foll owm ng execution of the reclaimcollapse algorithm
Nonvol atil e nenory 24 may be arrayed with one or nore
wO3hARRl64b| ocks that are reserved for storing PCras200m004706

accordance with running the reclaimalgorithm Each

block in the array includes a plurality of nonvolatile
menory cells such as, for exanple, flash nenory cells
capabl e of storing either one bit of information or
multiple bits of information per nenory cell. Access

offsétQn tu%emg@lt ‘E}{é(;ﬁ% hfmﬂ MLL B oaglgtfhg) Th '?Rér%ﬁ%r? eBbet the file to

provi de ysi cal resses generate
whl%armlyesmn@ggrfﬁﬁbebom wad @pesigonof thg correppacitigsfile rétative to all

e 35RO TR Y B 5 S0 e

linkroatig@srtiﬁnstdﬂ‘é‘llmtpgeuhaf addresses map the information

b1 R FaacBemd e 2By s a2 oy afspincliimong oe more staus bits

that &ﬁﬁcﬁe&é@@ﬁd;st& stde of @ ePREIPonink! MEK ByARA: 0LOhmmA0Ghe ng)%k header
and 210 and may be used to store information pertl nent

mayGen{ain On& AL RIPLE Hatus b khat mydicals ifshe weHing) of the prtir file was
intel?@REE b alTBs d € A Pewel Z8ss Recydiy (P ﬁs Q%r%?néliﬂaong&cme

t he associated bl ock, a location fof t
identifippcouumiifiles oreinialid Rleseeneratediny tbyﬂ@@forfsewer durtigsthe writing of

a ﬁl@k&%ﬁvbih%n@me%og%tzﬁ tﬂ%ta%él%%)hﬁ%fstérﬂﬁﬁi éth%)bxt(% n the block header

dentifier t ntify
are properbsyss mdiendgh¢ PLR dgorithysdeaends acowspt filen of t he

cor Iatlve aII other, fil.es
or§ SRERRILHS Rl TN 2B Bl ne A b
altemembéy sherfile imey bselivitied bi bdoker irtd enpof Iﬂo@@ﬁlwﬂ‘raéﬂaérgg OIn some
2 18 an

| ock headers 2 12, 2 14, 216
embb @R ot FiasSReTshcdaPlh catits breduefHarihdiat
non\wlstlatnmary 22t atag difida oe pmmﬂ arfie Mtofonk &r nfdte WY fr@Ements and
¢ {ﬁ {}% %he bl ock heggq contain one or nore
store s {38 Ns SIS OTMRYF C<1§Si° “?‘h"é’lWIthfW@mb’fMt he entire
f i IFGV2ShowE BataliRbOctinsAile® 85 cAe \pﬁﬂ@ﬁ mt&fr%@\égécel-&%sﬂash
Recovery (PLR) al gorit hm or schene identifies corru

memory g gjfgly garker 45 T4 Theriablacks 289 an¢hd0fo Béoczkth@dwe 212 and
214 HdidaRtdthk ReoriMgl 4 th8 Bk m‘%lBéﬂsQO@Q&nﬁ%ﬁ nﬂtlhélﬁggﬁg?:{té%%%ormatmn

The appropriate status or state bit
abou tierise, lcatipp.opierofithe &le. iprieflyt mfemme ta F§Gr 1 {RAMIsbect &tracks

the fﬁz&@ﬁ&b’lmo hbdla d;ﬁg fn‘ne!n?o 2l fu%rdgfx ?mﬂ? EX&’ | gt%étlv%l}uesn?ﬁﬁé\/] table 18

be store ontlg ous ern
is C“FﬁthCeatn?W be agl Wfﬁﬁj@drﬁdrmmmkem isrlbgt conmoveer-doovre RAIMatable 18 that

cont&ﬁ?gﬁrﬁ{ét Beatidhs e SR TR el hgn{olgll geiaga. eﬁ%ﬁ\dit?tge 18 is

tware, upon receiving a reques
populated at 1mt1ahzat10n and used to read/seek into the files.

FIG. 3 illustrates a continuation in the example shown in FIG. 2 that stored a file in
blocks 202 and 204. FIG. 3 further illustrates a modification or edit made to a portion of
the existing file that was previously stored in block 202. The edited portion 304 of the
exlisting file is labeled COLLAPSIBLE DATA in block 202 and the corresponding new
data 308 to replace this edited portion is labeled EDITED DATA and stored in block 206.
The unedited, original portions of the file are labeled DATA 302 and DATA 306. Again,
briefly referring to FIG. 1, RAM table 18 tracks edits using edit numbers, with only the
latest edits for that offset stored in the table. RAM table 18 stores known good data that

may be used in reclaiming and performing other operations.
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nonvol atile nmenory 24, may divide or partition a file
into one or nore file fragnments and store the
wobnregreei4s i n one or nore bl ocks of nonvol ati | eCIRISRI0Y/004706
24. FIG 2 shows data, instructions, files or code
witten into free space of a flash nenory and sinply
mar ked as "DATA" in blocks 202 and 204. Bl ock headers
212 and 214 indicate the storing of the file in bl ocks
202 and 204 and include updated information about the
Si 28G. b ohak fe - f referrin
FIG i h PR Bt Sorcdlin WOV Ob B mdhos g i‘ﬁy’t”taecﬁc’"tdr nehwied the
preSﬁ@trmwﬁm agterrexnesuyion Hf iy mglghTJct)ﬂiqseam@brﬁhfrﬁ eIhe\lxabluﬁﬁ/col]apse

T A T
manggetheritsgsteinl 16 HEhd mhﬁmﬁmﬂa@s‘e dlﬁtﬁ*nthmrﬁh‘éuﬁi oM JRdtehbugh to

reads. 18 _1 s popul at ed
proyl T it SRRk U B BB PE0 oo Glev o8, (EM foblsl provides

the gdikiers3with litBd 4rd 6Fsa varRE tdWaitd §ard PlobRe
2 that stored a file |n$€rocl(<)s 26g¥§nd&ag%§]ame

or ‘g'rBFbHeSa“flG?? f feq 3t portiong.s Thusydyiraneiag itemrestaimdtiollapsecrdgorithm

the file aBd ReWlddRs nfy B RoR¥Ia3 kI LEWigusly
) st gred in bl oclgl 020%%5539%1%4%31?%%%2% F\é ﬁ

exi YOER &errleplélm@mlaw@ adgpritioml iabEiliBed RAMtable bg pmlma pointer

o rabbl e GAOFEERRHA At B BB ATACREAG A ook 202

sparg ploek 2286 Uptheonmdetianeef, wiotingyDadl A BO2 té spmg bfocki2a 0f RIA®M table
T. A
'8 R Pro AE P poiel o o BT 308 «p i ruats Zd ovieen win

this edifed dﬁtmltrevasl\m stéred i BlochR0baRAN t&4let18 thed ploRfdes the pointer to

’DA’IOAE) gg@ % g ocg%}lae% wa&tga \Ylﬁﬁgl@gl‘a}glpﬁ@ égevzcgégye s?’toxlgc]l?n block 202,

Heaqm 1226 mmpeg]ycnehefes @h&ﬂe’s\ﬂy@l&&eﬂr@onﬂatidd ;Sbﬁa'ixﬁhg o ﬁﬁtc%nﬂguous
file s ored i 5 l\é% ﬁt € nenory 24 in accordance wt
1 g?rggélmpafﬁ 3 gfhpé,rspésgé@mlf 1 isfresemeed to store both original file

fragmeﬁb ahdhoalificisr fadgdddid i com%uf)\?scf iR JPHE lﬁlagg‘l%g upon execution

rithm may be run periodically or initrat

Ofthgb%’ ipycollapsealearithe®- the control of the file
MERAYRTRNbp&YESS Melplit o é&l:@ﬁr%ﬁl?njo@@ﬁ? ﬁ{ & 1rtéstnhr§r1?1y

shoul d be run often enough to pr e ac
diffeespé preas phaemeen éF thesvafione meswryl bldcke 202, 20%1&06 S08endi®10. The

manPaRY biRks thG ﬂ@ld&%gﬁgsgﬁcﬁﬁed biIgkR gepc%r Of\fvﬁ%ﬁ t}\éearlﬁgllalrp}cpgapse

wite spare b dat'a romthe
algorithm isperough exeutingampoory me isTHrersd arhiythe momibegof bleck headers is

reduJe%C lﬁg%ﬁﬂg gﬁlgﬁgroﬁt%&%ba%ﬁb ?%1m1|;fe§ Hﬁp 2 lgqeg\év[:; %%%y rsrga}/ce the
numhm ot bldels hﬂ@fdﬂrausmnmllatla psducaﬂ god iliehiemsry space atlechted¥ONlock
headén@ma% t;egl'eptg&\%(g ©thid B4 dcrtllorel in used RAM space increases the amount of
free space which makes edits easier and system reads/writes faster.

The reclaim/collapse algorithm is typically a slower operation. To improve the
performance of processor 14 the reclaim/collapse algorithm includes operations that may
be executed in a foreground mode and in the background mode, although this is not a
requirement of the present invention. In the foreground mode, memory space is freed to
allow new writes of data in blocks 202, 204, 206, 208 and 210. In the background mode,
the memory spaces are optimized to provide larger memory spaces that optimize usage of

RAM table 18. Thus, the reclaim/collapse algorithm may be used to enhance performance
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to processor 14 to wite the portion of the file

| abel ed DATA 302 as stored in block 202 to spare bl ock
wadom7/10an conpl etion of writing DATA 302 to sparais2007/004706

bl ock 210, RAMtable 18 then provides the pointer to

EDI TED DATA 308 and spare block 210 is witten with

this edited data previously stored in block 206. RAM

tabl e 18 then provides the pointer to DATA 306 and
. spare block 210 is witten with DATA 306 previously

[ t t.he

of o ARe I SRR ar upriORe SRlenet bR BREY AT IBhR sl dh G2
and B pre keadeeperimenparidodt mak b2 10{lizddh tsstoeRIR iformktichlfor all of

' . [ oth original . file,fragnents and .
e B8 RN PO S ERPRIE SE EAARY ko BP0 e
file for mgrvehitileipemoey 24 id tedaceaf sihdeePLR GhfdtmhgsH Isaie% acked for each file

al ith In normal, operatiqn the application
fragwgg{’]‘ftirﬁ °f Wr}ﬁ”gﬁgggl_é’rﬁ%? w:eﬂ?@ many different areas
of PeefeBiniindeerhbfcendntOfe? WIRNE: el ce Q%190 8sul2fidm B0 Fewer
m§08%€€3d 210. The many data bl ocks each include an
numpbet gl-filerRotigfisga the wagraenteduiidnsystrn fellgvdngesenutiopad the
1A Q&S i ap B hligSrithA. | ARTY 118 edii
e and tha&e) nur%%reltr o?vg{gésﬁ&ﬁgg{d%?gfl S réﬁﬁce%&%ﬁihég{ms\?\ngftﬁe file
systalfaUnon rianipe phasisglain/copebse algetithny, ematy datg blocke mothyn the file

SRha . s_l,.s simlarl
o BA38Ench OURE ) 05k DRRRELS e Blton ot e st
syst¢taa&erformencetsahanmeoentscfor witeless device il 0 alsoirasulsRomRANM table 18
' nt_of . f ace which kes
oo RS A REERES (6 AUl ok EFBPRRE LD emory
r ed3anon diodhoalslstee apipgomit tiamthespreyaut Gilehylomntaly Qv processing

. LON. . To. i f of ocessor 14
devighELPT 1 Cin e ed U Pilea Rt auS whs 5k Sitiem. The
initif;)lffﬂﬁ igstyreden %dqmu&%?ﬁidﬁtaaecﬁtﬁ Fa&%t@tbﬂd{l BN anédry l%cﬁt{ﬁ?nsf The

roun ou IS 1S not a requirenent O
data B iedteRed Fris AT i the berer treiiss At AoaEsrs Aesroked in

RAM padfebtpdintead Memah Adadaw Medlnest ff if itAh
202, ,20?, 206, 208 gjnd oY abtdunte baékg‘??b%‘ﬁ“ﬁ@a@ﬁm

ditfeend iRt yesipas edresraempe skl P BILQUEK 24PgBIG. 3), a dirty
meniSeYRIgio® PRf 681abSidle BBl AzidtR3e61 sib&%téé@hi@l t33 The new

Thus, the reclaim coll apse al gorithm
reclagifralapseydgershreandlapsesatrtabickantosht ietliteds ikt stretsh aFhus, the new
laSMRRARDSE d15ASHRMIRR S i e gt gt ed
OGS an% 3, onﬂiﬁgggp 1$‘};pg{egs:‘raﬁ\rr?o{}ﬁ(31/ hL eé@tkreﬁ‘é’f/’s b‘é?‘les tobe
usefyltj|jized to store PLR information for all of the file

f I YERNL S ai ' er nenory block, th .
i G el teat R G ARV RS b PE Do B therd &htsnsfed herein,
many qusﬁf_m@@[l&@dbgitn@@m?dﬁdgﬁﬁ,mnﬂ&hhﬁﬁldn& Wik ndw ackado tlsse
skilleeoaﬁ‘nhé Ehe It is, therefore, to be understood that the appended claims are intended to

cover all such modifications and changes as fall within the true spirit of the invention.
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fragment but rather is tracked only at the file Ievel.
Per f ormance enhancenents for w rel ess device 10 al so
woesurliodsw om t he fewer nunber of file portionsPCIUSE®7/004706
fragnented file system follow ng execution of the
reclai m col |l apse algorithm The fewer nunber of file
portions expedite edits of the file system Upon
running the reclaincollapse algorithm enpty data
bl ocks within the file system are nerged together
forajags) arger bl ocks to reduce fragnentation of the
storage system Performance enhancenents for wrel ess
device 10 also result from RAMtabl e 18 tracking fewer
fil bsAigirauitecomaptigsg:(t he dynanic |ink table) used to
add{gr? sctepv%r,rrermry data. By now it should be apparent
t ha e present invention may all ow processing
devfizeand baiond aoteand chigded to the agnseived td trhgsnsiy sv&@Bchannel a
easier.. edits of the file system The initial file is

sequsngP Qf ARSTHISHIBRY and data edits are stored in new

MenDpiockoatowsled tolthe ndasive] 4l are tracked as file
of fsets in the header structures and pointers are

t r At R QIFLIRAMTEY goHRIet 1 Bierirepessong Firg an cBginabfie in a first
merA&SABR4tRSA Il edited e dfh 40k bém%erﬁ&&qscﬂi&%%%%{&&%e processor

ki nds of r eql ons; a free nenory region (SPA .
exequtes a melaimygorithy) toragsarelvie \coptigiais fHadn & diirdpeinere location
- BOkQNS: | i :
oG SRR BEILART ) Eul Byl G D AT M
the edited file offsets. Thus, the new

recl ai . rithmallo nenor reas_arou

e ot CPuPRRGa IR kR RER oS reRiRtHo store e
configaiusride tioft i$ fencratedkby thenretlaire alyeeithr) | ust rat ed and

descri bed herein, many nodifications, substitutions,

changes, and equivalents will now occur to those

skid.l Bhk tifcuihef ddim 1 Kirthes indlh@ihg hovdicatile tde tAaGleQhdom
ed clains are_intended to cover all

t hat the d ! . .
AccggiaMensiy TRREE) ©r7iots AERLSTA NGRS SgIofisg) YAles to piack fhgeoriginal
file 8fd tHeledpled e datd wRHEd BNthENBh PBatik- méniyl CUi T,

conprising: a transceiver; first and second antenna

coupled to the transceiver to transmt over a channel

a S£OPROERcAt bf E15ANT RuSdrARS ud R gRIBILAORSRESRSRO Bbhvolatile
ccoouuppl i eead ttoo tthnee ttrraannsscceeiivveerr;;
meraeyy g gtore data to characterize the original file and the edited file.

5. The circuit of claim 1 wherein the reclaim algorithm is run in a background

mode of the processor.

6. A system comprising:

a transceiver having a channel selector to select a channel;

a nonvolatile memory; and

a processing device having a Random Access Memory (RAM) storage to provide
pointers to locate an initial file stored in the nonvolatile memory and data edits to the
initial file wherein a reclaim algorithm executed by the processing device collapses data

into a reserved memory block.
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a nonvolatile nenory coupled to the processor to store
an original file in a first nenory |ocation and edited
woizbw/ided4a i n a second nenory | ocation, wherei RCTHS2007/004706

processc executes a reclaimalgorithmto assenble a

contiguous file in a third nenory |ocation fromthe

original file with the edited file data as repl acenent
data to the original file. 2 . The circuit of claiml
wherein the third menory | ocation is reserved to store

th ntiguous.file that . enerated b t he .recl aim
ol lor LAt Be sk 6 Wi P RORI A piontp s 68 Fnlhnory
blockmaking Mieaderstnictamelte sfoddfir dffsewttbdbidte thdantipntifcaristhe data
,qugry,? to store pointers with Iinks and of fset
edits, i g dniti ack the original file and the edited file
data stored in the nonvolatile nenory. 4 . The circuit
of claim1 further including a block header in the
norfrol e systemrefslaym{Tovhereindhe nerylefile magraertycddes sot inglude a table
to stgfé #k 'ﬁ?kn\kﬁslts _l@c@@ehtthg‘?niﬁ?f iti]%damﬁ Iﬂ'l@datg edits REmE LG4 file© f
claim erein the reclaimalgorithmis runin a
background node o f the processor. 6 . A system
COBI 84 Oftter o L AR SR SL Ao AR PG i BT by fre
sel€ct a™c anneF, 4 nonvolatiTe nenory; and a
proqessicg deving radireece nhabemngf pirRarsdoreddc teR Mvhtpsagé RAM)
storage to provide pointers to locate an initial file
stored in the nonvolatile nenory and data edits to the
I ni 10. alhd ¢yiseemvbeciaim cavliceeinahdcsllapeed dimsered il e réseyved

mer%‘gﬁtﬁ?c;c o S ondgicyd ,lgﬁga;%g,},ﬁ?g e e 15 Oy LSS B data edits.
nonvol atil e menory includes a nenory bl ock having a
header structure to store file offsets to |ocate the
i ni k- o virglessqieyieiompaisingedi ts to the initial file.
8. alAsnvoY4tie Mehory lafalbd inthEk wmenl%rpgrwaﬁ%ul e
menory does not ihclude a table to store the pointers ) :
t 0 @ prEaswsor erunrd repkgim falgogithin do coapsatdile dand sdited filggstored in the

non{./tﬂthilie%m{ﬂ)\é?antcﬁstor-grm PatRdif (Eﬂttﬁhxranécgllt/@%l iRl Bsult in a reserved

execut | on e reclalm al [ e processing
meng@yibdeck: educes a nunber of pointers stored in the RAM
storage. 10. The system of claim6 wherein the
col |l apsed data stored in the reserved
12: The wireless device of claim 11 further including a table in the processor to

store pointers with links and offset values to track the file and the edited file data stored in

the nonvolatile memory.

13. The wireless device of claim 11 further including a block header in the

nonvolatile memory to store data to characterize the file and the edited file data.

14. The wireless device of claim 11 wherein the reclaim algorithm runs in a

foreground mode or a background mode of the processor.

15. A wireless device, comprising:
a processor embedded with a nonvolatile memory to run a reclaim algorithm to
collapse a file and edited file data stored in the nonvolatile memory and store a resulting

contiguous file in a memory block that is reserved for reclaim algorithm results.

9
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menory block is a contiguous file that includes the

initial file overlaid with the data edits. 11. A
woizoeEliees9 devi ce conprising: a nonvol atil e nenBCY/US2007/004706

arrayed in nultiple nenory bl ocks; and a processor to

run a reclaimalgorithmto collapse a file and edited

file stored in the nonvolatile nmenory and store the

reclaimal gorithmcontiguous file result in a reserved

menory bl ock. 12: The wirel ess device of claim1ll

further including a table in the processor to store

pointers wwth Iinks and offset values to track the

file Thd ntehlhaodadf tleiin 15 wéreckin a taltlo iretheiproddseor stores pointers with

iSRS Tk i Do REBAER S Ry Bt ol

menfBRyOry to store data to characterize the file and the
edited file data. 14. The wireless device of claim 11
wherein the reclaimalgorithmruns in a foreground
rmqq efrhe%&ﬁﬁg 9F @léﬂﬂ 1838h&find118inB 09688 REadel i thé\nonvolatlle
wi rel ess devi ce, nprisin rocessor enbedded with
mempry ghstoreaddta ¢o @iﬁﬂ%ﬂ’“}r lﬁedhﬁ lﬁ?ﬁ %M“'gé ledited Siegori t hm to
collapse a file and edited file data stored in the
nonvol atile nmenory and store a resulting contiguous
fi118. iTheanetbod oy clairndi wheatinitise reskamadgoritbm mas irma background
al gor. t hm res S T thod of claim 15 wherein a
mOdF gfl foreﬁr(fuﬁ@ ‘%Jr’%ec%fi‘g%ﬁ’m g%slrggs pointers with |inks and
of fset values to track the file and the edited file
data stored in the nonvolatile nenory. 17. The met hod
of claim 15 further including a block header in the
nonvol atile nmenory to store data to characterize the
file and the edited file. 18. The nmethod of claim17
wherein the reclaimalgorithmruns in a background
node or a foreground node of the processor.
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