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10 Static data types such as images and video objects and streaming data types such

as audio and video data require large volumes of storage space. The delivery of streaming
data places constraints on the memory devices that are capable of meeting the strict
deadline requirements of data objects. New memory performance improvements are
needed.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed

20  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;

25 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

30  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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25FIG 2 is a diagramof a nonvolatile nmenory structured to store original
files prior to performng the new reclainicollapse algorithm FIG 3
is a diagram of a nonvolatile nmenory structured to store edited data prior _
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a di agr am¥P*Y781%¢%| atil e nenory storing both ori g na?c'%ﬂ]ﬁ}“‘é"é?i”‘!"@ﬂ file 30
data foll ow ng execution of the new reclaimcollapse algorithm It wll be
appreciated that for sinplicity and clarity of illustration, elenments WO
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t hese specific details. In other instances, well-known nethods, procedures,
conponents and circuits have not been described in detail so as not to

obscure the present inventiony -i- rllg;hj: %M\t%descri ption and clains, the
ternms "coupl ed” and "connect edB ng w heir derivatives, my be
used. It should be understood that these terns are not intended as synonyns
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and circuits have not been described in detail 5o as not to obscure the present invention.
In the following description and claims, the terms “coupled” and “connected,”

15  along with their derivatives, may be used. It should be understood that these terms are not
intended as synonyms for each other. Rather, in particular embodiments, “connected”
may be used to indicate that two or more elements are in direct physical or electrical
contact with each other while “coupled” may mean that two or more elements tay or may
not be in direct contact with each other, but yet still co-operate or interact with each other.

20 FIG. 1 is a block diagram illustrating a portion of a computing system that includes
features of the present invention that may be incorporated, for exampie, into a processing
device 10. In the embodiment shown, processing device 10 is a wireless communications
device, but the present invention is not limited to wireless applications. In the wireless
embodiment a transceiver 12 both receives and transmits a2 modulated signal from one or

25  more antennas. The analog front end transceiver may be 2 stand-alone Radio Frequency
(RF) integrated analog circuit, or aliernatively, 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

30  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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10 in a power conservation &P%$Pood that the
scope ofexpmlqgr esent invent | on | s not limted to these exanples.

Al t hough procggsak 18 shown | orat ed into
a wrel ess device hé’%&%gr g‘?@é‘fe)‘]é@té’?iag’n %ﬁr&%&i{g ewr?e% '58 3 ncl uded
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of products, h the cl ai med bject matter 1ncor top
conput er&e P’l¢§?5’r‘6‘ﬂ’§““%‘hﬁ'ﬁl’ ?)Hﬁ?ﬁé%a"w ©f pxpdpets, wi F&bilmed)mhnﬂ satter s and

Per sonalinddrpérasl ifte %bﬁ&@i&&nﬁu?@é\&aptoﬁe Sh&r@ bhHes IPE BRleRON-RERNT |

aut onoti ve saf et &I r ot ?B I.ve equi pnent autonot i ve i nf ot al hnment
product & OITETLB“C& Personal Digital Assistarts (PDAs), medical or biotech equipment,

automotive safety and protective equipment, automotive infotainment products, eic.

25 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.
30  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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25 However, it should be understood that the scope of the present invention
Is not limted to these exanpl es. Processor 14 includes a hierarcha
file management system 16 and a Random Access Menmory (RAM table 18 that
provi de t ility of handling different size data_bl ocks to inprove
utilizatigﬁoéaﬂﬁﬁﬁ *avai | abl e storage space within nonv5?3P$w$mW§Wﬁry 24. 30
One exanple of software executed by processor 14 includes nenory managenent
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vari ous enbodi ments as code nanagenent sof tware, data managenent software,
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bl ocks ngr_the_si Z%’{}Eﬂtg{‘he blocks is alimtation in the present invention.

I n ot her m"&f'a% P8e menmory 24 may include an array having fewer
than five bl oEKS Zshowsma ctibadinfehief Honoelksle nieHd Qﬂtﬁ&@h&lﬁd&@hnﬂnﬂﬁy 210 is
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is a limitation in the present invention. In other words, nonvolatile memory 24 may

include an array having fewer than five blocks or more than five blocks. Further note that

block 210 is labeled as “SPARE” and serves as a replacement block to store data

20 following execution of the reclaim/collapse algorithm. Nonvolatile memory 24 may be
arrayed with one or more “SPARE” blocks that are reserved for storing files in accordance
with running 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

25  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 2 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.

30 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 2 file stored within the
associated block, a location for the corresponding file within the block (e.g., the byte
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Each block in the array includes a plurality of nonvolatile nmenory cells
such as, for exanple, flash nenory cells capable of storing either one bit
of information or 25 nultiple bits of information per menmory cell. Access
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addr esses "8@%@5&?3‘8’ by the nenory nmanagenent software @2@%@@8‘9’%
processor 14. \Wereas nonvol atile nenory 24 may only be erasable at a bl ock
| evel (a bl ock-by-bl ock basis), specific ranges of the physical addresses

map the information stored at a byte level in the individual nmenory bl ocks.
30Bl ock headers 212, 214, 216 218 and 220 correspond to the respective
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nonvol at hlegropRp syt wren thE L &%maboctsh%ﬂﬁptqnestate bit(s) in the block
header are pr%pqelrsl“ﬁ set when the PLR orrthm detects a corrupt file.
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15 nonvo!at:le memory 24, may divide or partition a file into one or more file fragments and
store the fragments in one or more blocks of nonvolatile memory 24.

FIG. 2 shows data, instructions, files or code written into free space of a flash
memory and simply marked as “DATA” in blocks 202 and 204, Block headers 212 and
214 indicate the storing of the file in blocks 202 and 204 and include updated information

20  about the size, location, etc. of the file. Briefly referring to FIG. 1, RAM table 18 tracks
the files written to nonvolatile memory 24 through links and offset values. RAM table 18
is created at start-up and the stored information is lost on power-down. RAM table 18 that
contains all the locations of the tinks allows faster memory reads, RAM table 18 is
populated at initialization and used to read/seek into the files,

25 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
existing 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.

30  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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r ecl ai mnnelbenpiidodd Igadérs i Bimilarly reduced and the memory space allocated to block
25  headers may be recovered. This reduction 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
30  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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In normal operation the application executing in processor 14 wites many
20 different areas of nenory in the various nenory bl ocks 202, 204, 206,
208 and 210. The many data bl ocks each include an associ ated bl ock header.

When the r | | apse algorithmis through executi pace is

freed and ‘?ﬁé&ﬁ%& of bl ock headers is reduced. Thusp&ﬂjﬁﬁ%ﬂﬁéﬁs menory
spaces optimzed into a larger nenory space, the nunber of bl ock headers S
simlarly reduced and the nmenory space allocated to bl ock 25 headers nay be

recovered. This reduction in used RAM space increases the amobunt of free
space whi.ch nakes edits easier and systemreads/wites faster. The

reclaim LS.t aII o) ation,. To i rove the
bor T or maoan SRABIANERN M Stk S2emimnes Rl ARG inddBscbs

oper at i omssd 5m,rte heageriper nmmovttéebld ma;abé mtlleagd oaistarerREGREinddtthakion FhralFckgr ound
nmode, al t .S f the prese |nvent|on In
the fore %ﬁgra%@ﬂgﬁts %ggg%%adgggé 1‘"(13 lo‘l’ltF%W% Mede Btt®Aat a i n
bl ocks 2@ toawnyolatle mezm;y aﬁes edied since HbRbaﬂ)hgatmmsl notiteked Rt ead ey
Spaces anagRehiyik Kk ORIOYbP ol 3L UL IJRICTY SPaces that optim ze usage of

RAM t abl e 18. Thus, the rec I'apse al gori thm may be used to enhance
per f or mance 6 e"fﬂﬂmeﬁ?ﬂ!@mmWU@B@N@Mﬂoalmﬁemhfeﬂnﬂmtﬁmeﬁ| | e system

that supp@mbér Jﬂfﬁgg&ﬂBﬂéjlnftﬁé ﬁag%ﬁé?ﬁ&ﬁﬁlep‘?stérhlf?’(w R%E%C{l fof L 2 and 3, one

header per  nenor may be utilize Tormation for all of
the fil echEaafg{?BHﬁlgse afgprithin.nTheofewenpymber of Sile prstiensyexpediteledits héthafibunt  of

time to ystdn® Bpbn hidni
i nf O]rd'r‘atlw(r)"l IS Ir:;ot tne{% tgﬂﬁ%%irﬂfglgg{psglﬁlgeﬁ%ﬁ %mPE EﬂMS&%a\?#ﬁ]ﬁ%e ? racked

only ‘at 1} pfednqragrbiogether forming largerbiepks o '@ﬁh%ﬁ@ﬂﬁﬁtﬂémﬂ of thgistashgess devi ce
10 al so sya;sanh t Pérfcamahdecenheementd TokirslbssideolRe PO hish B3SIt iHont RAM [b ted

file sys e the reclairn/coll apse algorit The
f ener & m'ﬁ%%wf ‘{‘15]2@3 brbff‘F %g’ﬁ'f??g?dé{ oiuld E’ilt?léle)d“fse‘i fpeaddrasg theyraerapry ‘%f?on
r1 g nni ntg t he r Bwlrmwnlé dﬂulmpmgmaﬁmér?re%mﬁmgﬂm,ﬂn@ P p dmcggg%,% t he I [ It e
syste e ar ger reduce_fragnentation
of the s?éo‘?%géﬁggtg? ﬂteg% el "waﬁcf@ ﬁ'\g %ﬁ’@ﬁ?‘b th%%FéY%%‘g dB%ice 10 al so
resdi® fingial Wssmc!anmmamakd daya Bdivetre Sioteddn hmm&ﬁmc@ﬁox{st @edynanmi c
hat 1 ho et SRR hAUBIH BRael® TR SRl iR et o 11 o i n
f r agnent B4M a4 diresypoiniess. é&gnmr aes;stas aptouritel for irethe yigbeithm 'a?mrele Sinitial
11 1's aheicRfichas SFRbNs 3k Ikibef Yhdion GPARE! BLBEK 11 HIGB Iy OCat | ons.
memory region and collapsible memory regions (collapsible data 304, FIG. 3). The new
20  reclaim/collapse algorithm collapses data back into the edited file offsets. Thus, the new

reclaim/collapse algorithm allows memory areas around the edit regions in files to be
useful,
While certain features of the invention have been illustrated and described herein,
many modifications, substitutions, changes, and equivalents will now occur to those
25  skilled in the art. 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.




data edits are tracked as file offsets in the header structures and
pointers are tracked in RAM as direct pointers. Menory areas are accounted
for in the algorithmas three different kinds of regions; a free nenory
regi on (SPARE BLOCK 210, FIG 3), a dirty nenory region and col | apsibl e
menory regions_(collapsible data 304, FIG 3). The new 20 recl ai nfcol |l apse
al gorithm col | SIS data back into the edited file of fsets. Thus, the new
reclain coll apse algorithmallows nmenory areas around the edit regions in
files to be useful. While certain features of the invention have been

il lustrated anl QC¥EHLISEMPHERSI n, nany nodi fications, substitutions,
changes, and egpiyaliegts will now occur to those 25skilled in the art. It
is, therefore, to be uhderstood that the appended clains are intended to
cover all suchiizsband second aniennarcduplpditgths tragsdendet tonfratsinit ovee atchamnebpirit of

t_he i nveng. Qé}rceggrﬁftsg‘fs;sions 1. Acircuit, conprising: a transceiver;
first an econd antenna coupled to the transceiver to transnt over a

channel a sequepoeessdr couplad ti thstramseiva; pr ocessor coupled to the

transcei ver; nonvol atil e ry coupled to the.prqcessor to store
an ori ginal *fi% Bomvelale Emon cavpled 1 thelprpcestos it otk LorRAldIGIR & S
second nefREHhyryll6ctibh @id edilRE Tidd datd hen RLOLKEHEMbryd¥E@Ridh OPheieih @ FrbéBsatirgor i t hm
to assenble a contiguous file in a third nenory |ocation fromthe original
file wtHFXeRicehrickimsleaitm ta aasmbist sewieaes Hlsa a Girdreemeydpentiont i [ e;

a bl ock headete drigidal 1AV AL 8ditddSi18BAR Y re ﬁcéﬁ&ﬁ@atg?éﬁebﬂg%@a%@ﬁt erize the

original file and the edited file and to Indicate a state’ o
correspondi ng & blpek headergn dreenogrolatle snemogy tosstericdgta to pbaracterize the euiginadabl e

table in I 'eﬁg@ rr%ﬁf: . OV} inters with Iinks
and of f se%ig\?g{l ultﬂl(aes‘3 0 \%? 1te ﬁbﬁ%&? %{??& Ea)r(r%%% Irégg%‘?%hgﬁsﬁ%d‘g}eamﬁ? O t he
first andtaeclwsdamlenory | ocati ons.
a writeable table in volatile Random Access Memory (RAM) to provide pointers
with links and offset values to write the third memory location with data from the first

and second memory locations.

2. The circuit of claim 1 wherein the third memory location is reserved to store

the contiguous file that is generated by the reclaim algorithm.

3. The circuit of claim I further including a writeable table in volatile Random
Access Memory (RAM) to store pointers with links and offset values to track the original
file and the edited file data stored in the nonvolatile memory.

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

mode of the processor.

5. A system comprising:

a transceiver having a channel selector to select a channel;

a nonvolatile memory;

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
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2. The circuit of claim1l wherein the third nmenory |ocation is reserved to
store the contiguous file that is generated by the reclaimalgorithm

3. The circuit of claim1 further including a witeable table in volatile
Random Access Menory (RANI) to store pointers with links and offset val ues
to track the origipal fl|? nd the edited file data stored in the

nonvol at i I aRsREYSA memory blockl The circuit of claim1 wherein the reclaim

al gorithmis ryferki fhebﬁfﬂ@gfaﬁlénﬂleﬁgﬂeuﬁﬁude@ea Bfe%%s%ﬁfck having a IRadd SYyStem
conprising: a transceiver having a channel selector to select a channel; a

nonvol at i Steichenigrsiore file offses tplogete the inigiabiblgiand the slotareditatorbmindial Alecands Menor y
(RAM st 4l € stored in the
nonvol at ?ﬁbg&ﬁ%&rtr%?gtﬁ%\égggg? Jﬁﬁéﬁk%sitn%(ebﬁlé ﬁf‘??rglsm%&%ﬂs erein a reclaim

al gorithm execzuwédaablp talfle upwziatds Randoml éiecese MandrpBAM)dapeovilie pamtersa

reserved the nonvol atil e no i hcludes a
ooy bi Bk SRR e St vaes, to YRS o, Pt By Beafoh o PRI B et e e
initial fadd&eafmdrﬁdhﬁ)rsdaicau@dlts tothe initial file and to indicate a state
of a corresponding file using one or nore status bits; and a
witeable table in volatile Random Access Menory (RAM to provide pointers

wi th |'inks andg ofths &ysmaldf@taihos Whefeh fHaehdnbblagle rmémc;ry doB$ abtl AP kh dat a
fromthe first and second nenory | ocations. The system of claim

5 wher ei riablpéo stenm il paintEEs todosateheinuial filsand thel dateediss F’db? mitiah ik or e t he
pointers to locate the initial file and the data edits to the initial file.
7. The system of claimb5 wherein execution of the reclaimalgorithmby the
processi ng devi. cé“hpédﬂglasofaclaimrﬁevhmin rmbcmtien of sheoresthim ralgdnighriRAly heor age.

8. The sy [ e SIels din the reserved
menory Sr&f(ess %&?:%nrrr&ucesagmpi)ﬁm% ??afeg &‘F(?J Ceitgg?ﬁ‘idl nlalglgal file overlaid
vm'ththe data edits. 9. A wireless device conprising:

8. The system of claim 5 wherein the collapsed data stored in the reserved

memory block is a contiguous file that includes the initial file overlaid with the data edits.

9. A wireless device comprising:

a nonvolatile memory arrayed in multiple memory blocks;

a processor to run a reclaim algorithm to collapse a file and an edited file stored in
the nonvolatile memory and store the reclaim algorithm contiguous file result in a
reserved memory block;

a block header in the nonvolatile memory to store data to characterize the file and
the edited file data and to indicate a state of a corresponding file using one or more status
bits; and

a writeable table in volatile Random Access Memory (RAM) to provide pointers
with links and offset values to write the third memory location with data from the first

and second memory locations.

10. The wireless device of claim 9 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.

11. The wireless device of claim 9 wherein the reclaim algorithm runs in a
9




a nonvolatile nmenory arrayed in nultiple nenory bl ocks; a processor
to run a reclaimalgorithmto collapse a file and an edited file stored in
t he nonvol atile menory and store the reclaimalgorithmcontiguous file
result in a reserved nenory bl ock; a bl ock header in the nonvolatile
menory to_.store dazia to c%%acéerize he file and the edited file data and
to indi caPEeround mode or a backgrquod madqof ePracgssiti g one or nore status bits:
and a witeable table in volatile Random Access Menory (RAM to
provide pointers with Iinks and offset values to wite the third nenory

| ocation with tat"Erelsst d91eees ¢BRISig second menory | ocati ons. 10.
The wirel ess depidees6 efib &%itﬁ%ﬁc}ih%laﬁl&%&ﬂb@&o%uﬁ %Qﬁ&aihﬁal?&%hﬂrﬁcessor

to store pointers with Iinks and offset valuesto track the Tile and the

edi t ed figodlapsgta fide and@n|aditedh dileh dato oitered e thee pepyplatile) memesy whd sloss 8 devi ce
¢ cla s o . . . q
or clalm xgsmn%?; (%(I)lpg’l{l(ﬁg R Ay PRIk M ﬂi%&d&'ﬁoﬁrg?lmr& &g@ﬂﬁ]&%ﬂn@ e or a

backgr oun € processor: 1 ess device, cohprising:
a processor enbelddebeader in the mowvletiktmémoryéorstose data towwharacteras the filesdndor i t hm

to coll apge fidie and .an edited fde data stored i.n the nonvolatile nmenory
and st or anecfid (1E pRO0 BlefiEn sl oraonBiraBREle vk dnfior BRAY Sp@ bi€erveo
for recl angh al gorithmresults; a bl ock header in the nonvolatile
menory to store data tq.characterize the fi and the edited file and to
indicate a st &t BriP tg%?m_e Yie Rapdam B@“?f%'&”?@‘%éﬁé&)rfﬁP@‘%‘kdf%e‘Ei ts; and
a writeabk#h LAl hd sHeOValds B8 WA dRMMIAGRSRoNVRE® YN Wi Matd Bol AYIH]
pointers with links and offset values to wite the third nmenory | ocation

wi t h dat sanfsesend renfory locatignd. second nmenory | ocati ons. 13. The net hod
of claim 12 wherein a table in the processor stores pointers with Iinks and
of fset values to track the file and the edited file data stored in the
nonvol ati | e neldorEhe method of daim Phehereinragdblefin tiegireneir siores poimtarhwithecl ai m

al gori t M hdiNRa bitsd? ARG W KA RHEall 8 fiRlCRle WD (IR % Bl doiForRii@CESSOT -

memory.

14. The method of claim 12 wherein the reclaim algorithm runs in a background

mode or a foreground mode of the processor.
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