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These communication devices generally need to store the code and at least
some of the data in nonvolatile memory. For example, serial numbers,
authorization codes, frequently dialed numbers, etc. are examples of data that
'rnight be stored in nonvolatile memory. Given that the code and data are updated
at different frequencies, the communications devices often used different types of
nonvolatile memory for storage of data and code. Asa result, prior art
communications devices typically included one type of nonvolatile memory for
code storage, another nonvolatile memory for data storage, and random access
memory such as static random access memory for working memory.

One type of nonvolatile memory is a flash electrically erasable
prograrrunable read only memory (flash EEPROM). Flash EEPROM (hereinafter
"flash memory") is typically arranged as blocks of single transistor memory cells.
Although flash memory is rewritable, the memory cells cannot be re-programmed
unless they have first been erased. Moreover, the cells are erasable only in blocks.

Thus in order to erase one cell, an entire block of cells must be erased. Updating the
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One prior art communications device memory architecture includes flash
memory for code storage, EEPROM for data storage, and random access memory: as
working memory.

The use of a variety of nonvolatile memories tends to increase form factor
size as well as design and fabrication costs. Personal communications devices such
as pagers and cellular telephones are often differentiated based on their size,
features, cost, and rate of power consumption.

Moreover as new features are constantly being added, the ratio of code to
data may need to change. Providing excess storage for both types of nonvolatile
memory increases the cost of the device and is wasteful, unless the storage
requirements for both the code and the data are expected to grow. By storing code
and data into different types of nonvolatile memory, excess storage capacity in the
nonvolatile memory used for code is unavailable for storing data. Similarly, excess

storage capacity in the nonvolatile memory used for data is unavailable for storing
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation in
the figures of the accompanying drawings, in which like references indicate similar
elements and in which: |
' Figure 1 illustrates storage of code and data in the same monolithic
nonvolatile memory device.

Figure 2 illustrates the storage of objects within a block of the nonvolatile
memory.

Figure 3 illustrates an object header structure.

Figure 4 illustrates a multiple instance storage structure.

Figure 5 illustrates a sequence table entry and status values.

Figure 6 illustrates the use of a sequence table for identifying the order and

location of associated data fragments.

Figure 7 illustrates the use of a group table for identifying the order and

location of associated sequence table fragments.
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Figure 10 illustrates a method of writing a single instance object.

Figures 11-12 illustrate a method of writing a multiple instance object.

Figures 13-15 illustrate a method of storing an object as a plurality of data
fragments. ' |

Figure 16 illustrates a method for appending to a fragmented object when
sufficient room is available in the last sequence table fragment.

Figures 17-19 illustrate a method for replacing selected fragments of a
fragmented object.

Figure 20 illustrates a method for reclaiming space within the nonvolatile
mermory.
DETAILED DESCRIPTION

Figure 1 illustrates the storage of both code and data in a monolithic
nonvolatile memory device 110. In one embodiment, the nonvolatile memory
comprises a plurality of individually erasable blocks. The amount of space
allocated to the data and code portions may span one or more blocks as long as the

data and code portion do not share a same block.
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Figure 1 also illustrates a flash media manager 140 and a RAM 130 coupled
to nonvolatile memory device 110. Fc;r one embodiment, flash media manager 140
controls the movement of data/code boundary 120, thus expanding either code
storage 118 or alternatively expanding data storage 114. For another embodiment, a
;ﬁrocessor (not shown) coupled to nonvolatile memory device 110 controls the
movement of data/code boundary 120, thus expanding either code storage 118 or
alternatively expanding data storage 114. For yet another embodiment, a controller
{not shown) coupled to nonvolatile memory device 110 controls the movement of
data/code boundary 120, thus expanding either code storage 118 or alternatively
expanding data storage 114.

Figure 2 indicates how data is identified and stored within one of the
individual blocks allocated to the data storage 114 portion of Figure 1. The minimal
amount of space that can be allocated is referred to as the unit granularity, or

simply granularity. The data to be stored is allocated into individual areas
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erased in the event that the erase )
information to be stored logically contiguously without actual physical block

contiguity.

During reclamation, the valid contents of a block scheduled for reclamation
must be copied to another block before the block scheduled for reclamation can be
erased. In one embodiment, the black information structure includes physical copy
246 to indicate the physical block being copied from during a reclamation. This is
useful for recovery procedures if the copying were interrupted, for example, by a
power failure. In addition, the physical copy 246 field aids in identifying any |
blocks that may have been in the process of being erased in the event that the erase
operation was interrupted, for example, by a power failure.

The block information structure 240 also includes an inteérity field 248. The
integrity field is used to ensure the integrity of the block information structure 210
itself. For one embodiment, subsequent to the writing of data in a block, a value of

“fOf0” is written in integrity field 248 to indicate that the block includes valid data.
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Size 308 indicates the size of the object in multiples of allocation units. Thus
if the minimum allocation unit (i.e., granularity) is 4 Kb, a size of 8 indicates that the
object is 32Kb in size.
| Offset 310 is used to identify the location of the object within the block. In
one embodiment, offset 310 is a pointer indicating the offset of the object as
measured from the bottom of the block in granular units.

Type 306 is used to indicate the object’s type and structure. In one
embodiment, a first portion of type 306 is used to identify pre-determined object
structures. A second portion of type 306 identifies the contents of the
pre-determined object structure (i.e., the type of data stored within that structure).
The pre-determined object structures are designed to accommodate a range of
object sizes as well as variations in expected volatility of the object.

The types of data are generally specific to the application. In one

embodiment, the nonvolatile memory device supports wireless communication
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is not permitted to span blocks. In order to retrieve data stored as a single instance

object requires merely examining the header to determine the location of the single
instance object and then retrieving the single instance object itself.

A multiple instance unit is designed to store relatively small sized data that
can be updated several times using the same space originally allocated for storing
the object. This is particularly useful for frequently updated data such as variabies.

Figure ¢ illustrates the structure of multiple instance object 400. Providing
for multiple instances within the same allocated space reduces the overhead in
managing small data parameters and improves the performance of updates.

The multiple instance object 400 includes instance information 410 to indicate
the size of each instance and the number of instances within the multiple instance
object. Following the instance information 410 are a plurality of status fields 422,
432,442, and 452. Each status field is associated with one instance of the object.

Thus, for example, status 422 applies to instance 420. Status 432 applies to instance



for multiple instances within the sane all ocated space reduces the overhead
in nmanaging small data paraneters and inproves the performance of upd &ERAN
The nul t ivpd ec/5g83¢ ance obj ect 400 includes instance infor ”91;6191']'50%1]097499
indicate the size of each instance and the nunber of instanceés wthin the
multiple instance object. Follow ng the instance information 410 are a

plurality oft3gtdifampgliesitdstdd2nd 49133p%ﬁ€32t’0 & Inée %ﬁ?mghgfogﬁhfgisatd s

associ ated with one instance of the object. Thus, T0Or exa Bis 422
applies to PHEBAEEty thevariossseduapphdigionsds saIbanGR b3 486P 2003 WO
00/ 58839 PCTI US 0@ﬁ41 430, 442 applies to 440, and 452 applies to 450.
. One enbodi ment f 61"QRET ShisFstrudureyisthadsts Gagntenty Somelwbjadtatrust bendi ti ons

[ f ' f bj ect st is the data f t.
Some. obj ect & P e fPler R BTe BhEED e Avilatie smareterminraliny okl ¢
space of a Phisrmhiytbe rcedaes ko ' :NeG f anple, if the
object is larger %rhan tcﬁeab ocli.exa}l?l w%ﬂ%’é‘?@??@%@ﬁﬁhg’#ﬁy be

necessary i flleraatbrglgciragmehtatiper malyare ﬁdtessa@geether@rj@itqg g wthghqh@s%e/en
bl ock. Thus ean%i dat a . anni_ng %hysi cal bl ock boundaries vvi%l be frag ht ed
into multipl%e U828 f”ﬁigﬁérﬁlg-n iRgk- ofhusanyedatagpasning physicaftiscebonndases

data fragmegy | Ihe . fi I t .object cantai a fragnent of the
ori gi nal dalﬁl: Bglit oerz)ttgﬁelﬁ%z)@‘élrlﬁé%?ﬂqﬁfmﬂtﬁngaﬂ‘9 a'\_?éﬁé"@g%téls

cont ai ni ng @fervedes aglaldasi frabndat dbid-a0 ' ol mhl et he

ori gi nal dacg(a from aa(;?laur al fgt y of Legc?awfﬁ?ggﬁeﬁtag&%gf g@regls%%ﬁ%?g&ef&gggn{ he

structure f¥rthegsigiaakdatadiutansethesnver e inférragient A safdeséeayfe val ues
for each ent Ly cludes a field for the logical block number

. Th t '
(512), ent ryns?lgfrﬂéeai?%i%l‘:eldnf%to Aat ragmentsistuset ta geassemble the(driginal dite

size of anfr@hdepiMerl;s) a fragnment if applicable (520), and a
physi cal i ndex (g22) .‘@Qﬂ%ﬂéfét ngst%] ues used for entry status are

par t‘?tcL?2?:%'3?at??é‘?niﬁ?‘s“ﬁ?n'“;?‘%b‘&ﬁﬁ e o 8 e LAYl e Bement,
stored in atys aleesdor each entry. The entry includes a field for the logical block
: number (512), entry status (514), instance (516), data fragment size (518), the size of
an older version of the data fragment if applicable (520), and a physical index (522).
The status values used for entry status are illustrated in table 560. The instance
value is used to identify a particular data fragments when an object has more than
one data fragment stored in the same block.

Figure 6 illustrates a sequence table 616 as well as the process for assembling
all the data fragments associated with the sequence table. Thus for example,
parameter X has been fragmented into a plurality of data fragments 614, 626, and
628 which are located in physical blocks 610 and 620. The corresponding headers
612, 622, and 624 have their respective Table Number (312) fields set to identify
sequence table 616.

Sequence table 616 lists the logical block number and data fragment instance

used to reassemble the complete parameter X. Multiple parameter X data



Figure 6 illustrates a sequence table 616 as well as the process for
assembling all the data fragments associated with the sequence table.3 Thugd

for exanmwe@posgggy aneter X has been fragmented into a pl urail"(ig{'n\fs Ioag ta
fragnents 614, 626, and 628 which are |ocated in physical S 0 and

620. The correspondi ng headers 612, 622, and 624 have their respective
Tabl e N ).flalds set,to identify seguence table 616. Sequence
tabl e 6*% g-l grﬁtgjt%ﬁgld | ATE h‘O(Sgk“ﬁ(ﬁa{h%’éng”éﬂbecﬁ]éX §UF HpheRie PrRIcHAenceysed

2003 VD 00/ 56530 Dct G834t T+ aaranadtice #bf RL Mgt ° o

di sti ngditehedebypf thekentrissihahe eequieree tatsle eRaRated thBioRdéhat whi@Ctheattye! | as
a parti(iul ar sequence table they are associated with. The order of the

ent ri es [FAgMHs Jeystdbrasseatiled imdiderttedormdhecdmplete paranteted. dat a

fragnents nu bhe _assenbled in order to formthe canp| ete paraneter X For
exanpl e, in (S)r'fo(ﬁeega S]F'e'é‘s%réiﬁf)It%r%aﬁéerﬁékeéﬁr?ﬁt%fa%e&ﬂ%BLJFC’& agRAFENS| s

conduct . (indicated in step 1).
I one. oG R Rt R e A h e A e R P S e
i s storethbodimendahe Ibedtiatdof Bl Sarkheldrde ke QeriRasble Rlades Ydtofid 11

paraneter. In this case the data |ookup table indicates that paraneter X

sequencata ok upetadite in erdegdaspeed rettiegaloefl thelgaoaieter( 6a0his daegitteadatal ock 0
Is scanped to,locate the rameter sequence tahl e header. The paraneter
X seq ueﬂ%%“ﬂ%fﬂbie Hé‘i'&%tres it %a}rpp&eéﬁ ECQRIE] téhleg'feaﬁﬁf niereiedyn lagigaknce
table 6hfdi@p(d10i cated by step 2). Each entry of sequence table 616
identifies the logical block and instance of a data fragnment associ ated

with that sdépgentblédhd B stertded td loch RepiSdrufiletfoX so@idiceXabloaryaree tabl e
616 indicates that the first data fragnent is the first instance of a

- par anet éRePagamgter X sagurncgdableiheadar identifissdhe nsaticalsfpagametasdat ed i n
| 00T cal s DA Dol B1eTal BElled oy L3 2)." BAMR el of 25LEL BhiSERy Chi ng for
identifies the logical block and instance of a data fragment associated with that
sequence table needed to reconstruct parameter X. .

Sequence table 616 indicates that the first data fragment is the first instance
of a parameter X data fragment associated with sequence table 616 located in logical
block 0. Thus the first data fragment is located by searching for the first header
identifying a parameter X data fragment with a Table Number of 616 in logical
block 0 (610) (as indicated by step 3). In this case the first header identifying a
parameter X data fragment associated with sequence table 616 in logical block 0 is
header 612. Header 612 is then used to locate parameter X data fragment 614 (as
indicated by step 4).

Referring to sequence table 616, the next parameter X data fragment is

determined to be the second parameter X data fragment in logical block 1. Thus

logical block 1 can be searched to locate the second occurrence of a parameter X
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Identifying a paraneter X data fragnent with a Table Nunber of 616 in 5
| ogical block O (610) (as indicated by step 3). In this case the fi r §SEP 2003

header i dentdofsggzag a paraneter X data fragment associ at edpﬁkﬁo‘i@gglence
table 616 in logical block O is header 612. Header 612 is e to

| ocate paraneter X data fragment 614 (as indicated by step 4). Referring

t o sequedat fraphend headbhsNEX; r ey X flat.a nt.is determned to
be the second %ar ametgr Xééaﬁg&?gggtﬂgﬁeﬁis% ogaldgégﬁﬁg?‘%%wffs the lecatiopgical

bl ock 1 pafirpetes dadataciiagmeh il £ indecas@b Bpdtear6ur rence of a parameter X 10

3 SEP 2093 WO.Q0/ 582?39 PCT/ USOO 06241 dat a” fragnent header (as indicated by

.step 5). Headéh®§7@!pdsampter dedatadragroent isletérmipadantieahe Xirdob & athagent
'S

I RQ 6.,4h ' X d f
det or m risd et EEoe hilBets PE LBR). Suilaaeebioshil s neamsbed ab latseck 1

(620). Timeidsoagt@aremdedska bad te, t fi.rst occurrence of
a par amet er 1)S( dat a ?ragmen aﬂﬁgﬁglﬁlg%ﬁgﬁﬁgéeﬁiﬁﬁfig‘hﬁh@”s eXaraplepthair rence

of a parfaréoecurxenic af & pagmeeter Nehde frapsndiRadaH b} RgbhGateg: step
7. Paraneter ?{gdata fragment header GZ?Tdentifieggsa%%?éfgggt%?gﬁgﬁg%fihbey
third ancPfilarapeteinstata Ragrmeat headarsal idestifies ihedbeati®tof hesthesy 8. | f
the par ajgi e, hunber of ta.fragnments, the sequence table may
need to spaﬁﬁ% siagé‘%tg{)godc ¢ %gﬁm‘rtﬁgg.asﬁl“i“é?fﬁ’élﬂp\ﬁém/?-the number of data
fragments naylfrie€lphffmates Bds 858 ARN | t_exceeds a pre-determ ned

t hreshol d. Rat herpt han atterrpt&?g nai ﬁ?‘;‘:’%&éég |%ﬁ?rf§’ &‘&588 Rt ?Fﬁq e

| ogi cal ™BRY ngRY 4P spkniphysis! biochbonhthiing AhersAaeRcBetihEed o r?W beyond
t he preﬁdeter I ned threshol d, another sequence table is created. I'n one
enbodi meHtEMER B2 % FRIYEE & SR RNFettpblesing hat excdeds agprierdatesniredper ni t t ed

does the anar SR A pBEhpy 8 nialftl) fShie b GedRe rvlgmiebaimarupaat i no
bl ocks. physical blocks or permitting the sequence table to grow beyond the
pre-determined threshold, another sequence table is created. In one embodiment,
this pre-determined threshold is the maximum size permitted for a single instance
object. As the size of the sequence table grows, so does the amount of time required
to copy the sequence tables when updating blocks.

A group table is used to track individual sequence tables much the same way
as sequence tables are used to track data fragments. The use of group tables and
multiple sequence tables also tends to reduce the time required to manage copying
of sequence tables. The group table effectively fragments a large sequence table
into a plurality of smaller sequence tables fragments. When multiple sequence
tables are used in conjunction with a group table, the individual sequence tables are
identified as sequence table fragments.

Figure 7 illustrates the use of a group table 716 in conjunction with sequence
table fragments. Group table 716 is similar to the sequence table structure,

however, the fragments identified are sequence tables fragments which themselves
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A group table is used to track individual sequence tables much the S aRe Wi
. as sequence tables are used to track data fragnents. The use of group !

t abl es andp og3gstd pl € sequence tables also tends to reduce Péﬁu&éorﬂﬁza{xeqm red
to manage copying of sequence tables. The group table effecC |ve(y

fragnents a | arge sequence table into a plurality of smaller sequence

tabl es fidegiiBntte. lohesn AHHLdRlee 0B a6 i IL,n,.conj wngtion
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to the sequenc®r&tEEVE PSrameter 6, the pavameter signoup tabjedender thefintst fgcatkdar e
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pct Usod BB LM R X et SHPIS he= B e, Obrd d eBiFALidRek 047 tsoci at ed
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par anet édemtifigsotine lbaktien heddastahse bf 4 séquereatasle frdggnérﬁﬂ. s case, the
paraneter X %chroup tabl e header is found in |ogical Dlock 0 (710). G oup
tabl e header PR @Z’Eﬁ?*@ sigpten hatdbe birstsequenchtabl frygofeng isothe ftrabl e 716

id i fi | ' f le f N
able 7ABeheh o BEMARER Nl e Qg o ritarice radpirml HIGck ﬁ_temfsrifé?p k
b.”StTﬁPS*??RE?SQSF?‘é@%ﬁé%a? e e P S B st ™ °°

par anet éragrerddudagiat hlock 0 718y arthis dase atiedakt bt iQedtiBRigal n this
case, the first lZPeader identifying a paranmeter X sequence’table fragnent

in | ogi PAFATHRISEK BRquensedefle fragmendadegicah slock s bredetsZl usdender A8cat e
t . bl t 714 indicat
hat T heet TaPBYBRE o IZRE Bhrafrdher XRATPRE, hEpmReb 7B s paramstor x dat

~that the first ragnen a paraneter X data

“fragnent assGedaéesk tabldfragmieanyes trahbaed HRATRBYrstd4 'f&gﬁ i kcal
bl ock 1. (720).thus | ogi cal bl ock 720 ig searchelésto Iaoc e@rgﬁbm%?%stt

i nst anc'SANGE Yar prasresteXddata fragmyemtmsshaakterwith 4eghancenmbleafrIgineat Nunber
714 located in logical block 1 (720). Thus logical block 720 is searched to locate the
first instance of a parameter X data fragment header 724 that has a Table Number
set to indicate sequence table 714. The located header indicates the location of
parameter X data fragment 730. The second and third data fragments associated
with sequence table 714 are not shown.

The second and third sequence table fragments indicated in group table 716
can similarly be located by finding the headers (726, 722) in the order indicated by
the group table and then using thelheaders to locate the respective second (726} and
third (732) sequence table fragments. The entriesina given sequence table refer
only to data fragment instances having headers that identify the same given
sequence table. Thus for example, a number of data fragments associated with

different sequence tables can be located in the same block. When traversing a
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set to indicate sequence table 714. The | ocated header indicates the 5

| ocation of paraneter X data fragnent 730. The second and third dat & SEP 1003
fragnment syagagsneisat ed with sequence table 714 are not sho%m]gagmg,,gpond and
third sequence table fragnments indicated in group table 7 can sinmlarly
be |l ocated by finding the headers (726, 722) in the order indicated by the
group t | S I cti,ve second
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system a |lookup table can facilitate accessing the data stored within the
nonvol afTeutefesysigm anrleuprdatad as dppsopebteed ying wirite ang dRAbS dpeiatigns.

initiali i f the,,computer_ system and dat appr.epri ate. during
wr o anfe deERict eGPl SRV o BT EF | T Rafti ofk sPRRBRk eforined (o a
parti culvith bk&@&eé%a%ﬁ?&?d&%%@'iﬁ%ﬁ@ ekl iderifiCt €d header for data
having a specified identifier. In one gnbodl ment, the data | ookup table
uses the ideht phe emtaxliaent,ttiexatolodkdup Watecusesnhadaltfdrastaniadestedi nent ,
t he datﬁ_ll(%iku? tabl e uses g%%g the identifier and the tgpe as an index to
the datHe g#a- [Rgpaltesnpfavs diyeert. the datks lngkHprhabigiusae bt fiers as

| ong as; 1 | [ ' | 18T e ni-que.. Nbreover, the
~latter lenggglg?regﬁ?qgleerrgﬁ? gé ?%g‘?@é)&s@a&‘g hcfagg Eégzacf?%ner?ﬁ%dlg‘?%/nﬁ@ S Phe data
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bui I ding the data | ookup table is .

unique. Moreover, the latter embodiment permits rapid searching based on the

type of the data rather than the data’s identifier.

One embodiment of the process for building the data lookup table is
illustrated in Figure 8a. Initialization starts in step 810. The physical blocks are
scanned for valid single instance headers, sequence table headers, multiple instance
headers, and group table headers in step 820. Data fragments are ignored.
Similarly, sequence table fragments are ignored.

[f a single instance header, sequence table header, multiple instance header,
or group table header is found (stép 830), then the logical block number as well as
the type for the data associated with that header {e.g., logical block 0, parameter X)
are stored in the lookup table in step 840. In one embodiment, the identifiers are
numbers which correspond to a position within the lookup table rather than a value
explicitly stored in the lookup table. As a result, the identifier is used to calculate

an entry position in the lookup table. The logical block number and type for that
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illustrated.in Figure 8a. Initialization starts in step 810. The phyz%gglJ .
bl ocks are scanned for valid single instance headers, sequence tabl L 7003
header s, WD¥3883% i nstance headers, and group table headegsriéhonkel 820.
Data fragnents are ignored. Simlarly, sequence table fragnents are

I gnor ed. dlef % singl e i nstance header, sequence table header, multiple

i nst anceideatifier are tiergstordd irathedobRag esbii t e

| ogi cal bl ock nunber as well as thegt ybsg%%(t)}?éjﬁg&%gﬁpggg%gi G{Fg@o&? ‘h t hat
header (¥Ngodimeg ¢he tipaisincd stgredanthedatd) lookup tabler etlitérmatively, dekypta abl e
in step 1%49:' Itnb ne enboiii nfnt, the identifiers are nunbers which
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nunber amulntorpauthhebtais 48 13cabedd t%@ﬁ%é“@r&%?@é?m?gt/eﬁjﬁgfegf%ﬁ)@posi tion

identifier are then stored in the |ookup table at the calcu

In anot her ehodakeleokupHhableyidentifientte tstacieesfdrmgrobe tdblecobjenk seqliadtee.
Alternatti éfl%tf the data .l ookup table may explicitly store the identifier,
the | ogi'@31° BETR HURLRIL Instage H@ec{syﬂgf%\glq mstapgeohiedscImordeript h t hat
header. (Ehs, i 0 | ' no_nore.such headers are
ocat ed, THRay PRl X BRIk FRIL AN be oBRudRE S S Ree St R ¢ abl o

i dent i fiseanhing thedtaderd of evdi P blodieh e PRINCS!ile $RAHSPF eindiaRl 1 ARi£Ct S,
mul tiple instance objects, and single instance objects. In order to

retri evd 3BPEREANd sequence trble flagokerds aetohet caalogeedinsi lakuipniablel | y
rat her than Isco%ﬁn%g(g%ﬂfe@peaders ?f every bl ock in tfle nonvol atil e menory.

| ndi vi dual dat'a f Shp'd dstrrrunatigp of the ayriiahle space withintheal ogued

in the Immk%lp&aq. ” kaakd i f fLeu 3l ' | -1 he
~avai |l abl e space wt r?ildr)1a<'t %g%ts)lr%%?stﬁgh{jé%i cal 'ﬁHO%E%F%?Pemclﬁ%slﬁ%{h#%f%% I n
RAM The logtriabst-piysical biaok ¢rapstatictemap and isgirestbd tdurrpiy FiiGaliz4oec k
transl ati on ma..agd IS creat%d during initialization. During

i ni tial i(2HETBHUIBHZALIMRACR ANYSIE RIGk is seanned tosiatetraing the amreuntafunt  of

?x 3;: ??aggjﬂggit%?pggg ahBSh8 TR A ih PMA éﬁjac%Qﬁgfséaildeeus’edstpyaxcn%aﬂaeoq)jebc){s
and headers). This information is collected for each block within the nonvolatile
memory device and stored in a logical block status table in RAM. The logical block
table can then be updated for subsequent operations to the nonvolatile memory
device.

For one embodiment, during the inijtial partition and formatting of a
monolithic nonvolatile memory device, a number of blocks are set aside for data
including at least one spare block. Except for the spare block, each block within the
data portion will include the block information structure. For an alternative
embodiment, during the initial formatting, the last data block field 250 is set to a “0”
for all blocks except the last logical block. The last data block field 250 of the last
logical block (i.e. the data block with the highest logical block number in the data

portion) is set to a “1”. Thus for example, assume D blocks are to be set aside for the
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and headers)- This information is collected for each block wthin thg £p
nonvol atile nenory device and stored in a |ogical block status tabl $&% 2003
RAM TheW®@¥l/3883% bl ock table can then be updated for subsgequepbo®Rerations
to the nonvolatile nmenory device. For one enbodinent, during the initial
partition and formatting of a nonolithic nonvolatile nenory device, a

purber datbborkion aTRe s bARICHRIA 2503810 DRATIALY ) AL SLERRL PR BRAY ©

bl ock. Except for the spare block, each Gion will

i ncl ude ntimebes efsiparabtockativailatsie tol eidisBsternas MNhahttRE 8@t ¥§rtigRedi ment
during the . n(igélbal fg@ggtting, the last data block field 250 1s set to a
"0"  fofORyIpt ERdb pin gisgsterswhieogyMall, bhodita /Tode bashddat & bl ock

field 2 | cal, bl ac ..e, ,the data bl ock with the highest
| ogi cal ﬁgpgé&& ﬂ%&@?ﬁ#ﬁb&%% eqﬁﬁ?‘%’i‘%;’lch set to a "1". Thus for
- exanpl e, asswyeeDhLBl; ; ' he . . SEP 2003
00158839 PCT/ usooigégﬁlﬁ82@‘%@?%&3%&9%@’%3@%& Bl foat Poguehodt e o n
bl ock wiata pesin. tSinaildrly, the fast h%ica{llwm@dcﬂ"fﬁﬁ@f@trégg%%f eaddeablogtibg the
M

systemis then the data portion will consist of ol ocks. Fn a system
wher e I\/F%bM,CkP [R&e %%W%@yf pmditiedy The lagyataie blockHield iy ti3echtcdloeate thad t he

f ol | owi ) ter.the initial rtitio rocess, .the spare block nma
"float" B?Wéggﬁgutr I%’ﬁea fteag?ealrb%?ltﬂa&ﬁﬁogir}ﬁ P ﬁ%y?omﬁthlwem@@ﬁ @eNic®| ock zzlan

"float" throg 18bliNgs§ated tRO( L4 - d. an di fied.
The | ast data Dbl ock fi el d{ei@s ﬁg%%e?g]eﬁgétg?ggéﬁgg{a épggélgwop%&flgéﬁgﬁter
the i ni éatal/ cpde botindarng\ oéqudsetaintentify then arier bt BRIEKS €n aEiawESn%h is
illustrates the use &% the last logical data block field to identify the
dat a/ cotfseREHAMSP 860 Typisally+thein@aweiatile memagyell compriseckpluirality afat a

BTl ot S, 58 805 TyRLAlcy b ngrel ey L ey w1
e e e e R A TS S
for exdipFl, Spareflockafer exdrhplekdo miod hawe adriodt infotrnadon Bacture. For
one embodiment, the integrity field 248 may be used to ensure that a block actuall y
includes a block information structure. '
If no block information structure is found, processing continues with step
835 to select the next available physical block. In one embodiment the next physical
block is selected by incrementing or decrementing a value corresponding to a
physical block number. Steps 825-835 are repeated as long as blocks are available
until a block with a block information structure is located.
If the selected block has a block information structure, step 845 determines
whether the last logical data block field 250 is set to a “1.” If not, then another block
is selected in step 835 and processing continues with steps 825, 835, and 845 until a
block with the last data block field 250 set to a “1” is located.
In step 855, the last logical data block field 250 is located and the data/code

boundary is identified. In particular, the number of physical block of the data
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one enbodi nent, the integrity field 248 may be used to ensure that ﬁﬁ?éﬁg%
actually includes a block information structure. If no block infor nl003
st ruct ur e¥090/888ad, processing continues with step 835 toPéfh@@%mﬁ?F next
avai | abl e physical block. In one enbodi nent the next physica ock is

sel ected by increnenting or decrenmenting a value corresponding to a

physi cal pbiaskisndeRgr YR s long as bl ocks are

avai | abl o untlis‘l a bllggk%wit ﬁ?ﬁ?%‘?ﬁ@%@%@éﬁ%gﬁ’cgflua‘é‘?g?@‘Ei alpRortion | f

t he sel et lpgivekbluak ra_trbbeﬁk'xdid.‘laft@ﬁm“ﬁ@ﬁl&kﬁﬂfﬂrﬁ{ﬁiorxﬁét?@ctgﬁespfiﬁeer mt nes
o a -1. not,

whet her the I%Ei%{kogi,cal data block field 250 is set.
then anctehehte - The sedepedipn folkvepth@dsstapiy sirad bk inahe it P!é?ﬁom th

steps 8 845 until a_ black wi.th the last data block field 250
set to ?ﬁ“ﬁﬁﬁ?gaﬁﬁﬁdﬁeﬁ?wﬁmn%y?e?%eqiggf_:e theylashphysical bipdckf theel d 250
s | ocatcﬁﬁawtibhqs datahnpdg boundary is identified. In particular, the
nunber of physical block of the data 15 3 SEP 2003 WD 00138839 PMJS0010624

| portion iIs Fatemanfipledfdryoradetnbedidient)d Haes 8_8f'tic§rpg6ﬁ’si§’c's%?%§r3§§§9e bidckhe

data portipn to, the |ogical block nunber indicated in the
i nf or matd¥hiaraibeupbysrakilecks ePscingdhblinitial patietiaeeg protdsspmetigbl ang t he

LRl B A AR i B 8L e e
Spare block aiiooranh aite ORI GTIRG SRR thelgBRao BRk g may no 7 "
O ey e e kb ) s 0ol Gt Apbe o
i _ ying or reclainmng spate In the data
por t i on,MHbREFEediRPhysisiat hlodsiZ chcenadingly, eyphical bhukrhadhgaildst it h
Stor b PR Rk I RSOREl B o A B PR BT BT RshyS cal bl ook having a | ast.
data bl ock fispply?otiseinetitodof Figutklsb, i IREYShFAal B1OH 0 Rhe data portion
can be determined by adding the logical block number of physical block 2 and the
number of spare blocks. In this case, the logical block number for physical block 2
is 4 and the number of spare blocks is 1. Thus, the last physical data block is block
5.
Identification of the data/code boundary permits the expansion of the data
portion by shrinking the code portion. Alternatively, the identification of the
data/code boundary permits the expansion of the code portion by shrinking the
data portion. For one embodiment, code is stored contiguously. Thus, iﬁ order to
preserve contiguity, the code portion is expanded so that the entire code portion is
contiguous. Contiguous expansion of the code portion requires an available
physical block within the data portion at the data/code bounda.ry. Thus, data
within the data portion may need to be relocated until the block at the data/code

boundary is no longer needed for storing data.
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Applyi ng the method of Figure 8b, the |ast physical block of the datag ¢rn 2003
portion can be determ ned by adding the |ogical block nunber of phys%éa|

bl ock 2 awdoe/b&s3snunber of spare blocks. In this case, the JI:A%J'EM‘S,BI ock
nunber for physical block 2 is 4 and the nunber of spare B OCKS 15 "1.

Thus, the |ast physical data block is block 5. lIdentification of the

dat a/ code bouFigary 8pehbisso e BnBIBRASH YT (R ort.ion by shrinking
the code portion. Alternatively, the iﬂnt%??%%sggélﬁ%ﬁﬁ%ﬁcéng&%?% de
boundar YPHBECR: tRrockssieg pagirison s 807ewheda qaletex@BnBeglednkra@idie data
portion.Sull:%r onelentgodi gx}:nt, code is stored contiguousl'y. Thus, 1n order to
. preser v& ' CoRAFGRITY 5P e/ lorddestdedagdogisaksdatariteck. sbort trt embedimeht, ehe ode
portion|i& |oSRAL D | s_expansipn,of .the code portion requires
an avai | abl 38 phyg#(ggﬁi%ﬁgg&bgﬁaﬁﬁrﬁu ﬁhf%kp‘ﬂtk‘iaolﬁsb atarhlogafighds

boundar wet fEhai§ 1. “datfeer thi 144t fogibs HlatidisneLS t rel ocat ed
until the blaock at the data/ cgode boulﬁsdg%/tblagnggéﬁ %‘ﬁ’gg*ﬁpﬁ%ﬁé&ff"bﬁss ‘'oring
data. 16 3 SERZtep 02V,0besbples RERINGROAOGREIAFUEL 5108k a3H PMB 9B 1§ BROI ment

of the ss..for expandi ng the code portion. Processing begins in step
807 V\helr%i(gcq‘%o QL&H% traé%ﬂfg@f" iTé‘erréléEPg@ﬂ.OfOQItﬁfsétjﬁmmm% respure 817 | ocat es

the | asty | ; di t,..th l,ast | ogical block i
| ocat o0 by aeEar e o & ShraceR i PRE PRLEN REPLdirgk et ensparkes (o a
11" Afimalichin trasiast lngicadldabd bokk astek Bepadidddra] Po Rk 1o BhEBI TRl

at a 0] are

processed. In step 827, the objects within the last Togical
r el ocat BEPFESSIBEHEr theigvgpk of apphien faiherectiran g ting redocatibhep foekos aEdon of ot her

erhoai peneheEMdEmdl e la ™ i ae lperch! Bl erovesbicampumblochs ok
of & powtr e er e eReinek PrRARisent ARBLELY in B1SE0BEG bk bt men
the dat &ovedttieepdréiallyleogpiyablobtsock is noved to enpty blocks in

After the objects have been relocated in step 827, the second to last logical
block is reclaimed in step 837. During the reclaiming process the last data block
field 250 of the second to last logical block is set to a “1.” For example, if block four
is presently the highest numbered logical block, then the block having a logical
block number of three is reclaimed and the last data block field 250 of the block is
settoa “1.” The block integrity indicator of the last logical block can then be
modified in step 847. For one embodiment, the block integrity indicator of the last
logical block is modified by setting the integrity field 248 of the last logical block to
a value of “0.” For an alternative exﬁbodiment, in the event of a power loss
occurring prior to setting the integrity field 248 to a “0,” both the last logical block
and the second to last logical block have a last data block field 250 set to a “1.”
Accordingly, the last logical block is identified by the block with the highest logical
block number. The identified last logical block is modified according to step 847.
Subsequently, step.857 is processed.
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the data portion. For yet another enbodi nent, the data in the |ast I%E&al
block is., noved to partially enpty blocks. After the objects have 2003

rel ocat edvo bo/sdsep 827, the second to last |ogical block ig-f, i.opd in
step 837. During the reclaimng process the |ast data bl ociC ?%of’déi‘]ém of
the second to last logical block is set to a "1." For exanple, if block

four is prestmsiep 83¥ethiladtdsgicalivloek ededaoad, alis Bhockng thantHeeHh@ ek
having a | ogical bl ock nunber of three is reclainmed and the |ast data

bl ock  f i @plogal blogk Edenbtird i stepdd37) beepmads theTlst Lok blavkedr bloyk

i ndi cator_.of the |ast |ogical block can then be dified in step 847. For
one enbolé’if?r‘éﬂflgo?ﬁgr%lt rca%si“ﬁlt Lgrietq ieééiﬁ'gwkfgébﬁ%-te“thf@@‘ éépslgﬁ&:k i s

nodi fie ' | bt Lgl 4 | ast. | oai.cal block to a
val ue o?b g%tl-éeél%%&gﬁ[’ gﬁ%ﬂgﬁnlg‘fg'i{ {?eﬁl‘g%gé? ﬁlﬁeﬂ?o&{ criléégﬁ’g u%\‘/jté"m agfdctgepomer | oss
occur ri nexpainisign dbtisetddegortion is kbaglbted durthdirdd8lizRich, stp 9Pt ot fige | ast

| ogi cal block and the second to |ast |ogical block have a 'l ast data bl ock
field 25mbediment during inkdalizationgthe, nevh datad/sodk bguodarphdllibei detertaitidd | ed

e RS B 5 R e 085 5,
' : 897, 1 t
S 5 TR USRS MR

bl ock (idtetaytbdebolindatgphé3tie laecphpsicdl todiast thleQlits dorBibRekil b bl ock
information structure is not witten to the erased bl ock. Subsequently, in

steps 8oFlacatey This maggequise thpurtermediake stepsrofradotatinganyc lugical dlack
it ol 108 Py B B3 a R gen s BB ment " aur i ng | nit1al i zati on the
e Spare bl ook I e e M g bl P e B A 7,
“if the dragethrgattariekeniplarfonospanmddiimekt,ithe iotegeity fibkl 2486 fthectxde
boundar %loél? gpti;[ehgatla?%dg anhg:ﬂy (?.lef)t lé ]g;t I:Ehhyesiga?gigtapglroi:boig ev:\(ﬁalrr!.ingg to
determine whether the block is a spare block or an erased block. If neither of the
blocks are at the data/code boundary then the block at the data/code boundary is
copied to a spare block in step 877. The block at the data/code boundary is then
reclaimed in step 887 as the spare block. Thus if the block at the data/code
boundary is not the last logical data block then logical blocks are manipulated, if
necessary, to move the spare block to the last physical block of the data portion in
preparation for moving the last logical data block to that position. The last physical o
block in the data portion is now available for use by the code portion and will be
identified as belonging to the code portion when the data/code boundary is located
using the process of Figure 8a.
For one embodiment the code expansion steps illustrated in Figure 8c further

includes power recovery operations {not shown). These power recovery operations

allow for recovery of the code expansion steps based on the timing of a power
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relocated. This may require the internedi ate steps of relocating any 3 < 3093
| ogi cal block that may previously have been stored there. Step 867 -

det er m newa do/sépe erased bl ock or the spare block is at th e
boundary. For exanple, for one enbodinent, the integrity f?gﬁg}sgé(@gglf t he
data block at the data/code boundary (i.e. the |last physical data bl ock)

i's exani fsithiteo Spetetfedaliynm tMeadveak of Bpoke? sl &uﬁngggﬁgﬁ%ﬁ gggr 9{% ﬁ@ﬁg{ ﬁzed

bl ock. If neither of the blocks are at the data/ oundary

bl ock at TeEN8 step &die cooyriedy hbwevenphethst dak iSlpak Eield 05K of thesdeeBnd 74 -
The bl octaézﬁjlt e, dat a/cgg,e bgundar% Is then reclainmed in step 887 as the
. spare bl . SEt 1 feVhprBeRteRs §0Ke 883 Rss topeocassrth dbithe powentfaitire | ast

| ogi cal l.ogqi | ogks are ni pul at e [ necessary, to
move  heoopare Br e iao s §2 oReh il SRR Eb R a0 pirmosmors.

pr epar at [fathef E0fai INge bRk ’Biri ' i ,jon. The

| ast physi cgllmv;l ock i ?1 t her datr;iﬂgf)%lrz??%%g?éé OV%\%F?%PE)%%E? gﬁgﬁéhee Fb%/wﬁ'ue
code por f§tomate spare bbecksiioéhe dataepbrionbet ergiedt fidsteps 8FPAgIPQFL | ON when

t he dat a/code bcgundary is located wusing the process of Figure 8a. For one
enbodi meR{°ERE¢ode expansion steps illustrated in Figure 8c further

i ncl ud - - ' h . .Jh

oper ati one. o 16y s8Rt B3ecsR L b 0F B PR ARt he
timng oémbopdwent,tBe dsSER ;g,i;?g fiai

S:o(rancin?i gal I )(/)ﬂ i nhE heee\iﬁdgfaggd mgm/\e@rlégggqggg% te%%@,k g:‘t g%&é%e power

returns BPRiPBEMatdeingrpbed ot c ge- Fbeah abtertaive dinbolirhery, fowep oOf

t he secol%g to _last block is set tp_a "0" afnﬂ steps 807 - 899 are
r e- pr oceSSefFYFY REPSARRFOF Hquires! If sRavre fatlyseeerens dusing e mavessiag er

t he powesf thetsspsinstiehse 84.7 17 I fi 1h wer failure
.occurs during st ep 8%7 %g st%%g%@f,a O?F]R%grﬁ? E’gg,eesr fé'fllf”téer t%taﬁ EBREPTING ur ns
the spartbetdatelporiionteRpankitn, ops 806 Baocare sREPH ANPrdesind 877 - 899 are
processed. Fi 1gur e 8d illustrates the process of expanding the data portion.
For one rocessing begins in step 806 when an expand data portion request is
received. Subsequently, step 816 selects the code block adjacent to the data/code
boundary. The code block selected in step 816 is erased in step 826.
' In step 836 block structure information is written to the erased block. For
one embodiment, the written block structure information comprises a logical block
number equal to the highest numbered logical block plus one. Thus, the erased
block becomes the last logical block. Following the previous example of four data
blocks, the erased block includes a logical block number of five. Accordingly, the
data block with a logical block number of four becomes the former last logical
block. For another embodiment, the written block structure information comprises
setting the last data block field 250 is set to a “1.” Setting the last data block field to
a “1” ensures that the erased block will be identified as the last data block during

initialization when the data/code boundary is determined. For yet another

embodiment, the written block structure information comprises writing a value to
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enbodi nent, the user will need to ensure that the |ast physical block in
the code portion is not being used for code storage. For an alternatd &P 203
enbodi memo oopeswer | oss recovery steps are not required 'fcﬁlﬂﬁgﬁéu allure
occurs during the processing of the steps in Figure 8d. Ins

overconme a power failure that occurs during, the data portion expansion,

an' expantc JAr A RS MR L RURSEIEAa ISR L DB PRy 2 Pafiudlacker oot o

t he codehbldackpaddj@tent to the dat a/ code boundary. The code bl ock sel ected
in step 816 is erased in step 826. In step 836 block structure information
is witten tolnHepddasie lobbdita bfack field2Sondfatie fenher labelogidal bésckis@ek

t t f. t | | bl ock mb | to th

i ghost Adner SHEIT S RSEaAbIr 6 I bhe RS ewaires dudahe Brmoer betoes
he | I h | f.f d

bl ocke. 'PheeLARck il JeeRltad oy og.5§§ePabﬁeséﬁﬁw%e!?umﬁ’%ﬁwa& en

Accor di nigé ﬂatiﬂ&@de@@h@xdﬁkg@ d¥fetfired. Oﬁt@&ld:m {5) st rrfl&W f@ﬁcfgll ok

the forner |ast |ogical For anot her e wr it

st ruct uige QlIﬁWﬁd’rhy laonndca’qmaltwesof theMthgxthderaailalﬁﬂatraeMo@yldefvice.-l d 250 is
set to a "1." Setti qﬁ}e ast data block field to a "1" ensures that the
erased bl ockIVI/IC‘I”Ie E’Hggci’ é‘?’Ff‘Ith tasagerdryciee @5@&%b@é‘l§ witittiends

I d h
embod; mate R el dEd TSRO RIS or3plft Bielcaf e lBE iR v R 2
val ue t ehd BoAvSELEIARRY0R/BRIRY ﬁcay:usqmlp%msﬁﬁ bitok ok RLAEK e fiel d,

thus indicating that the erased block is now a val bl ock of the data
por t i on gT¢atestaypilghle spare is selectedaa alsandiddte douweBihgod newetijextiihel ast

o L ey ohorth i U B B S 2 2
| 82? e e T B b R o B o RS R o
i nitial camdidete ifbckhe nonolithic nonvol atile menory device.
A multiple instance structure is selected if a 'pre-determined minimum
number of multiple instances (m) with accompanying overhead can fit within one
granular unit (). As long as m*z + overhead g, the multiple instance data structure
can be selected. Thus if , the multiple instance data structure will be selected.
In the embodiment illustrated in Figure 4, the overhead includes a 1 byte
instance size, a 1 byte number of instances, and one-half byte for each instance. For
§ =128 bytes and m = 3, the multiple instance unit structure can be selected as long
as z is less than orequal to = = bytes. Thus a 40 byte size data, for example, can be
stored in a multiple instance structure.
The number of instances in a multiple instance structure is not limited to m.
Once the multiple instance structure is selected, the instance size 402 is z, and the

number of instances 404 (k) is computed as a value less than or equal to , where "int"

represents the integer function such that "int(x)" returns the integer component of x.
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I n one enbodi nent, the storage structure for data being witten is
automatical l'y sel ected. The mini mum anount of space that can be al | ochfEY?013

Wi t hin _t\ﬂgé)ﬂ%@yé)l atile menory is referred to as the unit mg@‘g}%gly The

bl ock wit greatest avail able space is selected as a for
witing a new object. The. selection of the storage structure for the data

to be stored jis,based qn the size ( & the data wih respect to nunber
of threshol dsTah®P £388 dygitp Spg afa dj the oy eriead isanungsies % the punsber

thresho _ PROHeERREC eaninaden Ao nb
of mult 1o P RERE AT AT s SEBE T e ARG AR R b B

- granul arthevierféd irtfepealenfsf the' rurmbeVel ineRGcEs, aney FAYresdtS theahanee data
structure can be selected. Thus if , the multiple instance data structure

wi || be daivechentl added fier eadboidistamae. The fised postion of Eheyomdtiple instarceer head

I ncl udes a byte ,instance size, a 1 byte nuynber, of instances, and

one- hal fDVW{*%a#/ 52 BXEas andoths Res ihsigpce 3"3_’?‘9‘3 !%&%eanﬂﬁ% forg, iny U mu ¢ ple
I nstanc | 11,5 | ' . or equal
to = = Bpaien A BB Enarhart 5 16 tillinedinG ib1BRSndRE, O °
mul ti pl etturgt@nce structure. The nunber of instances in a nmultiple instance
structure is not limted to m Once the nultiple instance structure is

sel ect ed, thdfinaligihteefosarpultipleiinstancessiniathiee, theidbta casfbe storechees 404 (k)

o Sl L] SR A L e LSS e

3 SEP 1%%&@%99%&2@@&, 'TGIH}QQH(&@?SI 1k Pl g?@f%&%ﬁﬁ an*henéx{?%EﬂAsafa

fields, the overhe IS a nction ofthe nu I Nnst ances,

resul t, midismurambdicedonsnitehdh@ishif fepies grarailafigy (g) xeilbytes onmakimuhe
over head i ndependent of the nunber of instances, and v represents the
_anount Sotglevestaeerisizadoeifoinissdrrgmentindicatesidat thedatagntisloie of t he

P! S ASANGRe AYEERSIhL 3,2 RULER S e SELLISLNCSLoYehead | o
i nst ancggagriedtedUik thebi@e 0P TAAHEA is less than the amount of available space (2)
within the candidate block. If the data size (z) is less than 512 bytes then the data
can be stored as a single instance unit as long as sufficient space is available.
Expressed mathematically, the single instance object structure is selected as long as
zmin(s"g, z), where min(a, b) = a if ab or b otherwise.

If the size of the data is greater than the maximum single instance size, then
the data must be fragmented. Where possible, the data fragments will be as large
as the maximum single instance size. The data is stored using data fragments and
a sequence table as long as the size of the resulting sequence table does not exceed a
maximum sequence table size. Otherwise, the data is stored using data fragments,
sequence table fragments, and a group table.

In one embodiment, the determination as to which data structure is used is
automated. Figure 9 illustrates the process for determining which object structure

to use for initially storing data in the nonvolatile memory. A request to write data
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structure. If ineligible for a nmultiple instance structure, the data3ca® hg
stored as a single instance object as |ong as the nmaxi mum single instance
size is N&&R8¥eded. I n one enbodinent, The maxi mum si neglcgisaebe@ace si ze
is expressed as a nunber of mninumallocation units. Thus if the unit
granularity (g) is 128 bytes, a maxi mum single instance size (s) of 4

uni t s/ f istpeeived; inditemb@8. Thatcatlpehdabavelisile BomdHAHNE ish 4t ige of
the data Si;)cc?ed 512 byt es!.nghe?data nmust al so rIt;e y&?r alggd;'nrl?ai trfésg aié]%tr%lé si ze
of the QAPHCKS: R Hé‘hofFh,f&iﬁﬁmsyﬁeravidbtle&almyslmeeii(fébingwrﬁ&hmstdqfe

candi da e data size (z).is, less than 512 bytes then the data

can be é?%@%@gggag's%%ﬁ?ﬁggé’@ 1511)%5[ objecy, %b@gkmvfngmaregmce i's

avai | abbmourﬁwgegﬁmegﬁg@@[}%ﬂ&@éa g/n stbR®18i Nyl e instance object structure
s*g, z), ere

Is selected as long as “zmn mna, b) =aif abor b

otherwi se. |{if ahdetirmdned it brpdm0athen meﬁﬂhﬁfplbmﬁﬁaﬁ@stmh@g}%ﬁ%g%}cg dat a

I nst ance s}i]ze, then the data nust be fragnmented. \Were possi

f r agnent$ R $tPrage hsuqtureyn stap 92he Othgivismps dresbimgi dositinnes veitlz tepl9Bp), dat a
is stored usifnzg ‘%gtla fragrregt.s and a segﬁgnce_ table as long as the size of
the resul ting Seqaence’ *BPE HHRICH Si2eds e mineqdristAmIdh uemthe sinplee
size. QOryedreSerudii® [dabRcie St Si t.a_f nt.s, .seqguence table
fragments, and a group t%ﬁ%e?. lalﬁé%ggﬂe%%ﬁg%én?t? E?%ge@‘d%ttugﬁﬁﬁgﬁa&eﬁfg?to
whi ch deast istegartnurabers(shioEgraraitamuiniostat) edch Bhauyr 6409 middi ik 3frge t he

process. for deterﬁi ni ng which object structure to'use for initially
st or i ng'"FANEESIEE HEZ SSFRESISANE MeaiBHuRypingle ingeret sito thei the dathanit b8 SEP

2303 Wg,9 4450 41 i s received.in step 91Q. Typically the
nonvol at | g@ﬁﬁ%ﬁr% 9Ilélﬁ qg%%p%n%gﬂ?ae BFU'&’zflrio )f/ragmerﬁgmyeq%risﬁ@n%éh%f t he
st oragedstgst em bl ocks may have differing anobunts of avail able space. Wen
.-storing a new data object, the block having the greatest

If the number of fragments needed exceeds the maximum size for a sequence
table as determined in step 940, then the data will be fragmented and stored usin:g
group tables and sequence table fragments as indicated in step 942. Otherwise, the
dala is stored using sequence tables as indicated in step 944. In an alternative
embodiment, there are no individual sequence tables, thus group tables and
sequence table fragments are used whenever z exceeds the maximum single
instance size. In other words, as indicated by the dotted line 946, once step 930
determines that z > the maximum single instance size, processing continues with
step 942 to store the data using group tables, sequence table fragments, and data
fragments. |

The process of writing a single instance object is illustrated in Figure 10
beginning with step 1010. In step 1020, the block with the greatest amount of
available free space is located. In step 1030, a header for the object is written with
the status of "allocating.” After the header has been successfully written the status

is changed to "header written” in step 1032.
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anount of available space is selected in step 912. If as determned in EEW
920, then the multiple instance structure is selected as the storage:‘S 7 1003
struct ur g siys3eeP 922. Gt herwi se processing continues wthcoiePodaQ; |If z
maxi mum si ngl e i nstance size as determned in step 930, then the single
instance structure is selected in step 932. A single instance structure is

al | ocat ed t helhd pastess of egiinghetsjedt 39 irtfia@danutey 1040. LIS ohly a peetion bat z
s*g maxi rum single instance size. |If z exceeds the maxi mum’si ngl e instance

si ze, thbpobjest Sheingrstitten, thepegtientetiea®das r@placikg thadareespondimginber of
fragments r.equired for. storing th data. If the nunber of fragnenis needed
- exceeds Ptoﬁéoﬁ'dgéiarﬁfﬁf%ﬁlitén$8f“5 O%Bgﬁgn%léeat AgPePauigns gt heing reHaghy 940,

then thendaiin el daniPad HAREERLRADANOCSHAE SELINPLAGiorll PHIS bR ROGY

sequence table fragnents as 1 nditated I n“step erw se,

- stored wersignoéghenbfect adfusesasplyiie smy pdriionssdfeppEddxisting avalil veisivai | ve
enbodi ment, there are no Individual sequence tables, thus group tables and
sequenc®f thepbiert hgtarne sohbeingseplaghendheherdex statusot the nesk vetsiesphgl e

i nstance, size. .l n,other, wargs, ,as.indi,cate the. dotted |ine 946, once
step 938he 8@&9&1%%5‘%?—%{9 Qﬁgdatt?‘fi tRaRAG gﬁ%b%oﬁ?g'ﬁ lé?isgt%eeé] YLt Beessing
conti nuggpMdgr. step 942 to store the data using group tables, sequence
tabl e fragnents, and data fragnments. The process of witing a single

i nst ance obj ety pse-ekistisgy At iversibgwf ¢hd Objebeigithen ngvalidated iregtep010. | n

e block with the unt of avak’iﬂl abl e f,,reia, space is

t 102 t t I )

foggt ed.lSWr gt‘éfﬁﬂb%@f the ﬁ*@é‘éFeﬁ%rff%g? %Bﬁétaﬁ%pgefnrtgnm anged for'jalidne st at us
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PCTI | JS0010622He Jigesf CRSiEir@fa Wil fipledink e cebhRet isissmilat b dlustrated fi.ep
.»1040. If only a portion of +the object is being witten, the portion is

"t reat ed Figures gl al@ brginhingwithedephdlhStep 1112 determines whether there is a

pre-existing multiple-instance object with the same identifier. If so, then the proc:ess
may be able to utilize an available entry within the pre-existing multiple-instance
object.

If a pre-existing multiple instance object with the same name exists,
processing continues with step 1112. Step 1114 determines whether 1)z the
maximum amount of space available to each instance, and 2)if at least one entry is
left for the object to be written. If both conditions are true, then this write operation
can make use of an available multiple instance object entfy. Otherwise, a new
multiple instance object must be written in steps 1120-1132.

The process of a new multiple instance object begins in step 1120 by
searching for a block with enough space to store the multiple instance object. In an
alternative embodiment, the block with the greatest amount of free space is

selected.



portion in a pre-existing version of the object. Any portions not bEi“ngE'"’Z"iﬂH
replaced _nmust be the same as those in the pre-existing, valid versioni=" “°
Thus wri tYR§%¥38832w version of the object requires copyi ngpanyspssbions of
a pre-existing, valid version of the object that are not being repl aced.
The header st%}us ?f t he new version of the object is changed to

val | ocat ed” t & MHHFRLE mstanee t GBpden isirarttpe émsiepi 1128with a e oF042.  Any

pr e- exi stj] inyal el i f tihe obj i s then invalidated in step
1050. In s{aggtllngOﬂF ﬁgﬁgfgét)%}sa 8%1 1???86&0@?30@ Ipdichts mt%%ﬁei“gﬂcwaﬁged to

"val i d. " sudeessililly, wiitend Step hm(ilﬂ@tiét@@uﬁ'itiirz%%m?@ ;&?pn%iepgggagge I‘l_igfag-st rTgteed -

process of witing a nmultiple instance obj
Fi gures 3U9®reeginning with step 1110. Step 1112 deternines whether there

is a pre-existin |t I.e-instaBeobj_ect with the sane identifier. If
so, then the fﬂ%tc?gsgﬂoﬁhg figst ayala feoefﬁf)f in the I‘é‘h‘“&ﬁﬂaim%tphee stnucturedig hin t he
pre- exi sidlfdedbd ét%lrﬁfrg tﬁétrggﬁg%le P8 le Oééﬁt% ei%ﬁﬁ%%é@%ﬁﬁbg:g? aﬂgg} ance

object wth the sane S, ~ proce

Step 11lthedeleted artryvhehiiefedlioz allbeating X @@W@te?ﬁﬁ%@%‘ﬁa@éﬁ%kiﬁ ke to

each instance, and 2)if at Teast one entry is left fo e object to Be

wri t t en. terobjeptfo dbaaelertedertre Thastatuselthe skt dretrp ethahidbangedo make
use of aq, ﬁ\ﬂai. pl e |tiple instance object entry. O herw se, a new
AhE R

mul tiple NSt & tt nust be witten in steps 11204132. The process of

a new mul ti pl aniiAstadRe S AR i i 1 rching.for a
bl ock with enoSgIh space E}?gﬁ%?gﬁt%h@ngﬁ%?%@eénég ﬁiézéozcgﬁ%%%{“.“e?hf@w

al t er natavaélableberdir yrevis, thtlih'sbérucj(im&iﬁdﬁcﬁﬂﬂ@ntg-hﬁ&gﬂéﬁnﬁﬁﬁémébj@&th@&uﬁe‘?ace i's
sel ect eﬂ ZE 3 St; 2303 WO 00/58839 PCT/LJS00/ 06241 A nultiple instance
obj ect HERBEPTPSESHNG FUHInYRsSWED stepb23d) toringakidate dlse previoas eotrtinige” The

Ustatus iguglegedahpe abeh. :Lléli'?eélprtoocei;?cg]lj Vst aerir;[ghﬁ;[e x:[nnﬁip 8ads gn\é\e/acs)bject is
then completed in step 1290.

If the selected entry is the first entry in the multiple instance object, then
additional steps are taken in 1240-1270 to invalidate pre-existing objects with the
same identifier as well as validating the new multiple instance object. The muitiple
instance object status is changed to indicate a status of “allocated"” in step 1240. Any
pre-existing object with the same identifier is invalidated (status = “invalid") in step
1250. The status of the new multiple instance object is then changed to “valid" in
step 1260. The creation of a new multiple instance object requires updating the
lookup tables in step 1270. The process of storing a multiple instance object is then
completed in step 1290. |

Figures 13-15 illustrate the process of writing an object as a plurality of data
fragments when the size of the data to be written, z, exceeds the maximum size s*g

allocable to any fragment. In one embodimert, 5 is the maximum single instance
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- 1232 to inval

successfully witten. Step 1130 initiates witing the multiple instanggm
data structure. |In step 1140 the first available entry in the nmultipte-! 2603
i nst ancewstoogesgre is selected for storing the nultiple pR§hABGE29P) €Ct .
Referring to Figure 12, the status of the selected entry is changed to
"allocating” in step 1210. Step 1220 initiates witing the object to the

sel ected Gize ek t - y—iLS _then c¢changed. to
"val i d" |b?19€rttstt5 eg e1 Zggeindéi%n@ﬁiéﬁcgogﬁ h‘?g{éﬁgﬁ?{e}b{ E{'}é pﬁoﬁ%@@ﬁ”‘gt”&té&?epﬁ ep

1230 detlél@ines if the available entry was the first entry in the current
mul tiple instﬁggﬁe obiﬁgct structure. |f not, processing continues with step
P IRk WHE sicieptiree apace ib selepted touktitethe grostpatable ohjnect . The

ty t Jtiple inst h t i t leted i t
T200. 1 P b R e AERR . bR Bl expeechiia marEnumetiznce
bj ect, stheht tdd WA <1240 tQ i | i dat
ore- ox| St 0. by bt & PR RS oroBNE ah AR bP etz b L Pe Ml R (ne

new nul bigukelor sirémg theogrioent tabkhdnrosetérnbedinherst] BRCHI0RR VAR HRE BidiTest S
changed _to i ndi.cat ﬁ@& status of "allocated"” in step 1240. Any ~pre-existing

obj ect MM a¥atablefess spaceds seleqtedal i dated (status = "invalid") in step

1250. The st h tiple instance object is th changed to
"valid" in Z‘E‘g%*’cl){f'g& gﬁﬁ‘gxﬁ@eﬂe{?:}‘gﬁg%‘r‘sé”%@ﬁ?m| FﬁFE’é“FRgtngcét’BBj ect

requi r e ftardatiting thB@roh® e31e hbaBCthd faflsSR cih2 ’ wstoring a
mul tiple i nstancg objgectpi s then conpl gt ed icn ég%%ml]%%d%ﬁgﬁtrt%(s 13- 15

i |l ustr&te® ¥4 process of witing an object as a plurality of data
fragnents V\hsgeé)tﬂﬁ s%%e of the data to be witten, z, exceeds the maxi num
size s*g al 2139 ddedminesy Bt there iy figiens aparenin, the cusrenhblagkodionum

axpreased e SR TR AN (o AMTar T by s 1P 3B ECBERIH 0 st ep
1310. group table was created if this is the first sequence table fragment for the object.
Otherwise, the current block is the blqtk that the last data fragment was written to.

If there is insufficient space in the current block, the block with the most
available space'is selected as the sequence table block for writing the next sequence
table fragment to in step 1332. Otherwise, the current block is selected as the
sequence table block for writing the next sequence table fragment to in step 1334.

Once the sequence table block has been selected, a sequence table fragment
header is written with a status of "allocating" in step 1340. After successfully

writing the header, the status is changed to "header written" in step 1342,

Figure 14 illustrates the proéess of writing each data fragment. In one
embodiment, the data is stored by selecting fragments as large as possible until the
object is completely stored. There are three possibilities: z g, g <z s*g, orz > s*g.

Step 1410 selects a fragment of size k from the remaining data, where k is the

lesser of 1)the maximum fragment size, s*g, or 2)the amount of data remaining to be

stored, z..



A block with sufficient free space is selected to wite the group ta gr;Zq
in step 1320. In one enbodi nent, no object is permtted to exceed t euE u03
maxi mum 3YQ@eg:s883% g, thus any bl ock capabl e of storing an ofiteetoakal ze S*9
can be selected as the block for storing the group table. In one

enbodi nent, the block with the greatest anount of available free space is

sel ected. | n Step4202Rterdni@cd Whdthbd ameh@esdsejffib%n%ﬂ;ééeﬁﬁ tHellodk fHatkie Of

"allocating.”" After witing the group table header, e status I's changed
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The curr F'oCk THUEHE SRR lGERE 8@t ORpiBramyHappnitas) themthedasat ed i f

this is L I ¢ f he object. ., Ot herw se, the
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there i s*grthefthedeanusshageleast ;t%?ﬁngltfrr@ﬂﬁs £la9able ﬁo‘?%t@agﬁl@vMﬂ?pngﬁ most
avai |l abl e space is selected as the sequence table block For witing the
next sedbigeesuckitha 7 j'ggsigntlf ¢t o s'g theephd@3Busidmrfficimt sphee svaitabibé tdl ock
is sel ec;ed aﬁ tge seguepqe table block for witing the next sequence

tabl e fraYfeht2@dT36MENEDf %8848 Once the sequence table bl ock has been

sefected, 2, Spaveneall e SenPlli DEAME LashTo i Wieldial 5,0

"allocating” 1 n step er succes y “witrhng t he

stat us iveribhgnbedekbditadestenient irf Stop 142D, AF s 3he fifst BHfLfrddmiehl Esitd at es
the process of witing each data fragnent. In one enbodinmeni, the data is

‘stored IBveRPBErt toen Haeghlonk $hatsthesequenes tablssiragmenhisi located indbj ect i s
o & SRHEL wd M Bk pahE IR B e ko Tredala h Dsraisener o
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Step 143tpdb2dr mi nes whether there is sufficient space in the block that
the A data fragment header is written in step 1430 with a status of "allocating.”

The status is changed to "header written” in step 1432. Step 1440 initiates writing

the data fragment. After the data fragment has been written, the status of the data

fragment is changed to “allocated” in step 1442. The sequence table entry for the

data fragment is then written with a status of "valid.” Processing then continues

with Figure 15.

Referring to Figure 15, step 1510 determines whether any data remains to be

stored. If so, processing continues with step 1520 to determine if another entry can

be added to the current sequence fable fragment. If the current sequence table

fragment is not full, processing can continue with step 1410 of Figure 14 to continue

fragmenting and storing the data. If there is no more room in tl'xe current sequence

table fragment, then the current sequence table fragment header status is set to

"allocated” in step 1570. The process then continues fragmenting and storing the
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| ast data fragnent was witten to. If the anmount of data remmining to EE
stored is less than the mninum fragnent size (e.g., one granul ar unis y 2003
g), then Whéodssa fragnent will still require one granul apcumisbosdses1
storage even though z g. If g <z s*g. then there nust be at |east |
granular units available for storage where j is an integer such that z j*g

s*g. |f Zzlata agmdrheafichesririig! tddes U830 61 BRLrSR36S A4 A AkLAS ore a
dat a fragmant of size s*g. If so the[ﬁ t he bl gck t he Icast dat a feﬁqglg%g%lt was

witten tePledragenented for witi ng the next data fragment in step 1422.

(If thisistgﬁfid[azt data fr rrenth,or a given obj ect, then the bl ock
‘that the sequéehl® FPabremAry stpeed ifcieR 401G the cuirgpk pemtesge tablBe t he
bl ock thatapthént f i L g e " i.se. h
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i1 stepobf2ts ddtarhgniaragené bbendeted Snichh beokdled Rhéﬁ@uﬁ‘t&ﬁe%mﬂt at us
of "allocating." The status is changed to "header wiften™ in step 1432.

Step 1446equfnicedeble ifpgments- Stap 1§32 shangegrbestatns obeveryalatafmgmangment has
been wri n he . us, of .the da ragnent is changed to "allocated” in
st ep 1445.Ese°fé1aetégévqﬁéﬁgc‘%opﬁﬁf%g'é?f‘ﬂ? Efﬁ%%{o t‘%é‘d'data fragment is then witten
with a status gfy p¥abktingPa685$bihd HEhe MR inv¥lida &
Referring to Fi gyu?e 15, 1gﬁep 1510 l:i}'gc'éerm' r?es’ tg#ﬁi}n\g@gta{%a %tgﬁé?’%% to be
stored. Wl samjueprcetassifragroentsiassedatetitviith tiep cd 2t versitrt of tersbjédt hanet her
entry carglil .be added to the current sequence table fragnent. If the current

sequence "REBPBIYS GRAR fs"y fnstep rdc dosistafus af thogrqupablg for theep 1410
O e O ufkdnl RoriMH bE U o EAGITRLA PG AAY B0001A%i [ Y35R, ThE 1dIGES ' "

nore roomin the current” S quence _ (
sequencetdldbd @.¢.) agrElabkhpadble) StatHes 1 sd164 ih 9tepAlIs0C %@Qﬁ'rotSéEhlgiizfg%kéﬁﬁé\%

- The process then continues fragnenting and storing the 26 3
00158839ap@bjegsare pdnualityaf flata fggerards ifthen completedrig step 33%h 1330 of
Figure 13 to %Bg%[r(e)cgssno Vilmsrael%laetri]gge a valid previous version of an object as set forth
in step 1050 of Figure 10, step 1250 of Figure 12, and step 1540 of Figure 15 differs
depending upon the object structure. To qualify as a valid previous version, the
header of the object must have a status of "valid” and at least an identifier identical
to that of the data being written. If the two versions of the object have different
object structures, the preceding version must be invalidated in its entirety.
Invalidating a multiple instance object or a single instance object merely
requires changing the status for these objects to “invalid.” Invalidating a
fragmented object, however, requires invalidating each data fragment, each
sequence table fragment entry, each sequence table fragment, and finally the group
table.
Creating and updating single instance objects and multiple instance objects
generally requires replacing any previous version of the object. Thus for example,

modifications to a single instance object will result in invalidating the previous
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table fragnent. If no data remains to be stored in step 1510, the curig I’Z”M
sequence table fragnent header status is changed to "allocated” in s E' v
1530. At wdwossgei nt all the object's data fragnments have prgenseglbersed and
can be located by the group table and sequence table fragnents. Step 1532
changes the status of every data fragnment associated with the object's
group. t aBkfoh Of tiY@birghle irARYndRl gty &t i Weiting] hoh i i  gct then
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15 di f f er snstdeqeofdibegobjewhére aplpjreptiagd. ructure. To qualify as a valid

previous version, the header of the object nust have a status of "valid"
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mul ti pl affefedaRgRenbd Bble RagmeRitd ShE thOgEANS Bad) Thle RIHR! hariQEMHADS
changi n%@t he status for theSe objects to "i'nvalid." Invalidating a

f r agnmentlesh ohgreoty, hvovenesr thersequenesstabbe flagdenithan @ Svhgoatmtableagmenit, each
sequencg t abl, e, fr.a%rient entry, each sequence table fragnent, and finally
the groBp Mpdtied iN®lasti ng and updating single instance objects and

multiple | ”SW@ag%%E}%veQﬁ&E‘é&'l iYtd RWMifelthe OBRRELG BRY. BLENIOUS

-version of the object. us tor’exanple, nodifitations to a single

| nst anceechinjiqed, hawdverpsnild be ingffialenddt anig at dimalpamiouvot of Hie daGhkReddd3 WO

00158839 PCTI USOQ 06241 o - o
to be updated. The characteristics of flash memory tend to encourage updating as
little as possible in order to avoid time consuming erasures and copying. Inone
embodiment, only the affected sequence table fragments, group table, and data
fragments are replaced.

Typical modifications to an object may include appending to the end of the
object or replacing portions of the object. Figure 16 illustrates the process of
appending to the end of an object where the last sequence table fragment has
sufficient entry space to accommodate more data fragments.

The object’s last data fragment is located in step 1610. A fragment of size k is
selected from the remaining data to be appended (z) in step 1612. In step 1620 a
block with sufficient storage space to accommodate the fragment is located. Steps
1612 and 1620 are performed with the same constraints as steps 1410 and 1424 of

Figure 14.
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version of the single instance object and witing a new object- .
Modi fications to a mnultiple instance object will result in invali dat3 5@0 00
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i nstance of the ObJF ect where appropriate. Mdifications to a tragnented
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obj ect nBSPOSKItEd xfi
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flash Fenép@tepisepiocating” iwatang inshadgetdt o' hasdpowsitieng in Btegr der t o
avoi d ti (% uni ng. er.asures..and, c ing. In one enbodinment, only the

af f ect ed@gq%%mmléa?ﬁmﬂggbe agéﬁg&%wﬁs’%d data fragnents are
repl aced. TypA¢@ak b il | L ect Lncl ude appending to the
end of the obj ectm?(;ghﬂ;ae% @?ﬁgh%)%?%}\oﬁ?t%ﬁ ! {@%ﬁ?ﬁaﬁmenﬁ 535?”8 36

i |1 ust r sthesigetigofaibeeted bi steyp pe4ali Tige Hatat feg0Bgt ShndiseRecehaRs © the
| ast seq,uepﬁe_tabl e fragnment has sufficient entry space to accommodate
nore dat ¥aFalhetePslé4the object’'s last data fragnent is located in step

1000, A ST S8l OSSR S SR R e e
porTormec i R the cam onger o nt £ G iE ot R N B PR,
28 3 SERfzeothevntadias $889 sRCFHUBRGIDBRAL the new sequence table entries is
changed to "valid” in step 1670. The process of appending when sufficient space
exists in the present sequence table is finished in step 1690. '
Figures 17-18 illustrate the process of replacing portions of a fragmented
object on a one-to-one fragment basis (i.e., a fragment is replaced by only one other
fragmént). Generally, any replaced data fragments will be invalidated. Their
associated sequence table fragments must be rewritten with the locations of the
replacement data fragments. Similarly, the group table must be rewritten to reflect
the new location of the sequence table fragments.
The data fragments to be replaced and their corresponding sequence table
fragments are located in step 1710. A block with sufficient space to store a new
group table is located in step 1712. The new group table header is written in step
1714 with a status of "allocating.” The status of the new group table is changed to

“header written” in step 1716.
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In step 1622 the number of valid fragments in the selected block that3ares
associ ated with the sequence table being appended to are counted. The ~~

sequence wbabisggzentry is then witten in step 1630 with a
"allocating.” The sequence table entry status is then chaﬁggg}éﬁ%&g“t y
witten" in step 1632. The data fragnment header is witten in step 1634
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tabl e nmust_ be rmlitten to reflect the new |ocation of the séquence®tabl e
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_table heBigpri736 lugdtes £6ldck WithBufAdddt Wddb 8r NririSa %vé?éq'g%ﬁ@é ladge " The
status of the new group table is changed to header witten” 1n step 1716.
29 3 Se pzrag(q@gt (o Do7leged old sequence table fragment. A new sequence table
fragment header is written with a status of “allocating” in step 1732. The new
sequence table fragment status is cha;xged to "header written” in step 1734. The
entries of the old sequence table that identify unchanged data fragments are copied
(without the instance information) to the new sequence table in step 1736. These
entries then have their instance information updated in step 1738. The updating of
the instance information for individual sequence table entries does not count the
data fragments being replaced when computing the instance information for the
unchanged data fragments.

The process continues in Fiéure 18 by selecting one of the replacement data
fragments in step 1810. A block with sufficient space to write one of the
replacement data fragments is selected in step 1812. The data fragment header is
written with a status of "allocating” in step 1814. The Table Number (312) that

associates the data fragment with the new sequence table fragment is also written as
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i nf or mat ¥ Ol .“g.St,ep'('a]cgégnt ") for ‘all the object's subsequent sequence table

fragments | ookt sh B SATRLARK e JuS o oF L7122, odat g, the Lnst ance

information for® the otherw se uRchang S yi ng

unchangetumbenitenis ft f [satieR ith ' Led to
it g oL S S0 L

each sequence table being repl aced.

suf fi ci dptforspRtian fohegequienee abieentspidentifyingtiiedaty frggmient frostep 18hect ed
old sequencegabl g (Era ment. A new sgquence table fragnent header is
written with ARG getrrmines whstherdhereareaddlitional daadragapentsdgbence t abl e

f ragments:sdedt Ussd s y | "l he entries
of the cfl d sequsé?\cga?ggﬁgg%%gtsegggﬂﬁ?g[éufr{égaﬁacke% ‘i‘gaf@“?@g% % are copi ed
(Wi t houtprohessingstednoe tonstep 1810 @Jorkttnid@plaing eaigARS @Rk 23s8tiskRdl 736.

These entﬁi es then have their instance information updated in step 1738.
The updatithdneselesiad seauengeciablenfragment.olf thesequaticeitallel fragsyemtisdull abl e

entries fragnent s, heing ,repl aceqd when conputing
the i nst(g%@z' Eﬁ%béﬁ%@ %foéle%gpgél&agﬂe ,ﬁwé%%g&aqagfgd}qr%gﬁgﬁt §ﬁgﬁ§§p%éé s
cont i nuendithe Hegtig foulBrdtle £OkSEIteAGVRRHOINIGRRALIER o agment s
in step 1810. A bFocL&gwith suﬁ;i ci ent spacne toavl\fn?t%cg{r{%g%c* ttcgtaglé-

repl acefeagmerttia stapifiehbeforereletiagead stap Btd@ptoBdie aTiev dedserfceagbiant
“header i.s writtten with a status of "allocating" in step 1814. The Tabl e
Nunber { ®That associates the data fragnent with the new sequence table

fragment is 3f gRrévetd AETGte Bla Fragifertd®Pbe stored, then the new sequence table
fragment status is changed to “allocated” in step 1910 of Figure 19 and the new
group table is updated with the information for this sequence table fragment in step
1920. The status of all replaced data fragments, sequence table fragments, and the
old group table is then changed to "invalid” in step 1930. The status of the new data
fragments, sequence table fragments, and group table is then changed to "valid” in
step 1940 before completing the process in step 1990.

The embodiments of writing and modifying the data described above use a
number of status values in order tc; enable recovering to a previous state in the
event of a power loss during a write or modification operation. The status of each
entry of a sequence table, the sequence table itself, every data fr;agment identified in
the sequence table, and the group table are changed at specific points during the
writing and modifying processes. The multiple status values enable determining if

one of the processes was interrupted and at what point. If the writing or modifying
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WO 00/58839 PCTfUSOCO' 06241 part of the header in step 1814. The dataz ¢rp 2003
fragment status is changed to "header witten" in step 1816. Step 1&230'

ini tiatesVW5PHY the repl acenent data fragnent. The instamceusoepder for
this fragnent is then calculated in step 1822 before witing the instance
information to the sequence table entry identifying this data fragnment in
step 182RIO®Ee[F NBIPrptetedyithe onivetiie midime s, alrebadsiibieandls Bt hagment s
to be s{fored. |f so and the sel ected sequence table fragnent is not ftull
(1840), PHEWVETOIRISHETY & URAECessATyithp inteImedinte stepsmeedraplbadingethe dat a

fragnents assegj 1.t h the-sel ected seqguenge table fragment. If the
squence t abl g%%qingnﬁ%ir{sbq{ﬁ%tﬁgﬂ%rﬂﬁﬁ “HERg %Pﬁ%ﬂeéeéﬁugﬂééhlt&&bbkl

1 agrentcaetpundingabanasoket Sk aRALAY. (lB42)miRtLRE el arpup Lab o

is updated with the information for this sequence ta ¥ step

1844 bef®sedran thenimgunoobiremlitizddatin aglieet Blc&kﬂaﬂ(\lt&‘?ﬁﬁ@@gf? thétlr8shold
fragnment. |f therg are no rIDre data fragnents to be stored, then the new
sequenceT@¥iePase &dh&??tto AMRUMOIdRYAE datain tie moratadatileimemsioep. 1910 of

Figure 19 an | e is updated with the information for this
sequence tab?gﬁ%]%%%%eg{wg}%‘%%gaﬁsj%tagﬁ%ggfﬁ‘f%r‘é agf|mage pyzidablefon

f r agmentstorapeghencgh haltbeedsratiyedt o a e hRfit rd%g} t.able js_then
changed to, "I nval |g(;h ?ﬁ step 1930. T?le st at usnong t Ergv%lgg%téatefraagnents,

sequegg eresle%@?fetiqrr agmlm-sl_,n anel ﬁg’qb@dmab lomce she bﬁ?ﬂamﬁﬁlé% 'égaéé Bl1si nf

step ore gonpleti t ocess in step 1990. The enbodi nents o

Wit ng%ger%‘(gj)&'n%afef@?%gmﬁﬂ%é] g‘a&eaﬁ FSGAR2 AP0 Peerationis triggered (sfeps20R0)s

val ues iDtHrdgse &Qlﬁﬂ@@&ﬁigﬁ&%g' P&igé)in%i@ts(\.{iioggeﬁsf@he in the event of a
O,

power |oss during a wite or no | catl on Opera & status of each

entry of a sdqwmnbaulmenmﬁeeMmmwﬁa@&e%sb&fo@itfzesﬂwﬁbbcﬂ??@r f ragment
identified in the sequence table, and the group table are changed at

speci f i SRS PYdEI95ine the blark(e) withtha mestianoun: gfriovatid eata fben the detpl e
> tngt us m'g?ﬁ%gﬁﬁ?&cﬁtgﬁ%%%i?ﬁaﬁa '(%tpp FiicoN ;‘}l:l' E}%gi@ro Sects within the telected ed
block are copied from the selected block to the spare block 116 in step 2032.
When copying the valid objects, the space previously used by the invalid
objects is compacted out so that the headers of the valid objects are contiguous and
the objects themselves are similarly located contiguous to each other as illustrated
tn Figure 2. Thus the amount of space previously used by invalid objects (and their
corresponding headers) is recovered resulting in an increase in the size of area 230.
The block information structure 240 for the spare block 116 is updated with
the logical block number of the selected block in step 2040. The selected block is
then erased and becomes the new spare block to be used when reclaiming another
block in step 2042,
In one embodiment, the reclaim process is triggered only in response to a

write or 2 modify command as indicated by step 2010. Once triggered in step 2020,
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3 SEP 2003 WO 00/58839 PCT/ SOOI 06241 process is not conpleted, the 3 ¢ro7)0)
nonvol atjile menory can be restored to a known state. |f power |oss
recover y &8 cessary the internedi ate steps need not becCtrusokests;
Eventually the nonvolatile nmenory will reach a pre-determ ned threshold
corresponding to an anount of invalid data. In one enbodi nent, the

t hr eshol theirsclapmgenh prodeberapratingteps 2030:2030utlal teteisaudiisient Reeskace to
AIternating he threshold my be based on the total anmount of invalid

data i n RS 0%’6ﬁé}%F%ﬁqqsg%%@ypnﬂ&@%m@@s@cﬁtmmﬂb invalid data can be
recovered an i.] abl e .f.or,. storage thro a process . referred to as
"recl amat i onglnn%:ggggé/egadiﬁg ?P?ﬁéﬁtéﬁ%stgﬁ l%ﬁgf%ﬁgﬁhﬁ?”pqﬁé’é‘ggd With one

enmbodi MeffereRfE & i AT PR | i
pre-deter n?rr?ed t hr%%gol d a ?eygﬁngﬁdgﬁ{%éiﬁge??%ﬁ;ﬁ% lé‘ﬁltl'r%g%%bfgledpe[ﬁom) :
~ Ot her wi sthat gatiauamatificationst artd tlygegesdnayp bendadatindesvihent dégastingn one

enbodi ne t#h@hgareﬁlanation process prioritizes the blocks for recovery by
sel ect i EOFHECHITBRRESIPIGH 2R SReP$BS thednygntionfasisatfarthiindheappeadedhe set

of bl ocks,:t.hat kg dnval i ata (step, 2030). . Al valid j.ects within
the sel g%le ' —%rl?é;%i&lé@%tggg‘}ne%d T r?ée’saechBE‘?%‘gl}BltBPE rf:%ar[cﬁg] 83 e bl ock
116 in slleptr2@32rathe thaPPpydstdctiesadlel d obj ects, the space previously used
by the invalid objects is conpacted out so that the headers of the valid
obj ects are contiguous and the objects thenselves are simlarly |ocated
contiguous to each other as illustrated in Figure 2. Thus the anmount of
space previously used by invalid objects (and their correspondi ng headers)
is recovered resulting in an increase in the size of area 230. The bl ock
information structure 240 for the spare block 116 is updated with the

| ogi cal bl ock nunber of the selected block in step 2040. The sel ected bl ock
."i's then erased and becones the new spare bl ock to be used when recl ai m ng
another block in step 2042. In one enbodi ment, the reclaimprocess is
triggered only in response to a wite or a nodify command as indi cated by
step 2010. Once triggered in step 2020,
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32 3 SEP 2033 WD 00/58839 PCT/ USOQO 06241 the reclamati on process repeats

st eps 2030-2050 until there is sufficient free space to performthe 3 SEP 1003
request ed operation as determned in step 2050. In the foregoing
specification, the invention has been described with reference to specific
exenpl ary enbodi mrents thereof. It will, however, be evident that various
nodi fi cati ons and changes nmay be nade thereof w thout departing fromthe
br oader spivhittis anighed@ope of the invention as set forth in the appended
clainms. The specification and drawi ngs are, accordingly, to be regarded in
an illustrative rather than a restrictive sense. 33 3 SEP 2033 What is
claimed isg 1. An{m{ohgplm%mg@wﬁg uba)ﬁﬁmaaamehﬁnﬁw%\ﬁ@t&hlcbﬁ REPry, the
met hod conpr|5|ng identifying a boundary |ocation in the nonvolatlle
menory, wher ei ndeREyiRGHhmAdry fosatipar g newieltiegaemary.pyheren e gomyplalieocks of a
first typen@idly dompritedd gnhﬁén@fofleioe;%?a@ifrst B8 %pmuﬁaw%f bnom%rfels&oﬁ

boundary | ocation conprises a spare K position between a first Iock of
the first Whepgithsheundaydecstien WS@fsp%rhélosléwmntbwéen afirsdiegkiohgedisitect s

froma Iastg,pgaingglgc&ﬁdglhg(éptﬁesgecgrmgﬁpeto a second bl ock of the first type;
erasing the last block of the first type; and exchanging the first block of

the first type a\eating picdhiipms apasbipckat ﬂterﬁcsstftmeﬁ a pappred block of the firgtmsd of

claiml, fdutdiqke 1GQWRCk 8f Y fiksDiybd;ahd zi ng the nonvol atile menory, wherein
the initializing is operable to change the first block of the first type to

a bl ock of the <eaige thyfiast blpck ghhe ﬁ’éf wpew ik the srarpblock efthe fHattyRéonpri si ng
changing a third block of the first type to the |ast block of the first
type. 4. The nethod of claim 2 wherein the | ast block conprises the first

bl ock of the fiThstmeatBpdof clam 1 furghergampsiging nitaliging,the nopyrdatis memery, Vhegredn ¢ ype
conpri ses tRe ftafziRPfslob@hble & chdd}@ AR MbRbf Mk &lsityhe tod W6 0P tHeREcoREGPA t ypE

conprises a code portion.

3. The method of claim 2, further comprising changing a third block of the first type to the

last block of the first type.

4, The method of claim 2 wherein the last block comprises the first block of the first type.
5. The method of claim 1, wherein the first type comprises a data portion.

6. The method of claim 1, wherein the second type comprises a code portion.

7. A method of moving a boundary in a nonvolatile memory, the method comprising:

identifying a boundary location in the nonvolatile memory, wherein the boundary
location comprises a spare block position between a first block of a first type and a second block
of a second type;

erasing a first block of the second type, wherein the first block of the second type is the
spare block; and

writing a block structure information in the first block of the second type.

3. The method of claim 7, wherein the writing of a block structure information comprises
writing a logical block number equal to the highest numbered logical block of the first type plus
34



7. A nethod of noving a boundary in a nonvolatile nenory, the method , ...
conprising: identifying a boundary location in the nonvolatile mem)r§/,5L 203
wherein the boundary |ocation conprises a spare block position between a
first block of a first type and a second bl ock of a second type; erasing a
first block of the second type, wherein the first block of the second type
is the spare block; and witing a block structure information in the first
bl ock of tdye second type. 8. The method of claim7, wherein the witing of
a block structure information conprises witing a |ogical block nunber
equal to the highest nunbered | ogical block of the first type plus 34 one.
9. The metdlod OfheGhdhd®of clafod! [ih@Her ERRRsingIsBnS £ B18ckicPlon itQeke bf£! d tO
a first value of a last block of the first type. 10. The nethod of claim
9, wher ei rast hlockpf the figgt @Pe.a bl ock structure information conprises setting
a data block field to a second value of the first block of the second type.
11. The nmethod of claim 10, further conprising initializing the nonvolatile
menory, whér ei nThetpgthadrpf clan . 27hsepin the ypERGY adbleck sEppirg infermation ¢ogmpribisock of
the seco ”@e&iﬁ@@ dht? bRcPHAG Ko PlecddiSafuk bBhe hyspglpckjt%'the-gaa)nqud of claim7,
wherein the first type conprises a data portion. 13. The nethod of claim7,
wherein the second type conprises a code portion. 14. A nenory system

having a nQnvol-ffeih&nhdi®ehin #O Rirdhaidathitig takeizifg MR8 ROHARGY YwheR@t Ween
a data portion and a code portion, the nonvolatl%e menor ising: a

conpr
pl ural ity thy ingiglizingisoprable tocahange deadirptblqck gt he prcandiype ip adtlockisf ke fisst et a
bl ock information structure, wherein the block information structure
conprises a last field operable to indicate a last |ogical block of the
plurality 18f dalhs mathadied claim B vwhersin the fist typpeampristsdde® rOBI9B ed to the data
bl ocks; and a plurality of code bl ocks, wherein a first of the block of the
plurality of code blocks is _adjacent to either one of the plurality of
spare bl ocks orTHsmeethad of plaink . ybgrein e sreondpyes BPBERSS 2 c9ds PORIE: menory” syst em
of claim 14, wherein the block information structure conprises a |ogical

bl ock nunber, the |ogical block nunber operable_to jdentify the nunper of
bl ocks in ¥he A memory system havinga nonvolatile memory configured to have a movable boundary

between a data portion and a code portion, the nonvolatile memory comprising:

a plurality of data blocks each block having a plurality of objects and a block information
structure, wherein the block information structure comprises a last field operable to indicate a last
logical block of the plurality of data blocks;

a plurality of spare blocks coupled to the data blocks; and

a plurality of code blocks, wherein a first of the block of the plurality of code blocks is
adjacent to either one of the plurality of spare blocks or one of the plurality of code blocks.

15. The memory system of claim 14, wherein the block information structure comprises a
logical block number, the logical block number operable to identify the number of blocks in the
plurality of data blocks.

16. The memory system of claim 15, further comprising a processor coupled to the
nonvolatile memory, wherein the processor is operable to control the location of the movable

boundary.

17. The memory system of claim 16, wherein the processor is further operable to expand the
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plurality of data bl ocks. 16. The nenory system of claim15, further
conprising a processor coupled to the nonvolatile nenory, wherein th%SEPZMH
processor is operable to control the |ocation of the novable boundary. 17.
The menory system of claim 16, wherein the processor is further operable to
expand the 35 3 SEP 2003 data portion of the nonvolatile nenory. 18. The
menory systemof claim 17, wherein the processor wites a block information
struct ur e data pohiienfof the hoblotatile mémdrine plurality of code bl ocks to expand the
data portion of the nonvolatile nmenory. 19. The menory system of cl aim 16,
wherein the processor is operable to expand the code portion of the

nonvol at i [18. merikheynenidoy sydiem offelaid |7, swhsdeirthoprossvr Wrild a bidek infbrmati dre

processor |s further er.a to erase a t logical, block of the data
or ¢ on_ ot isrert i e BreLPenects it 37 Eosf ol BB ER gaR pPie 85 ¢ e

nonvol at i Inenvabatily iem@¥. The menory system of claim 14, wherein the
plurality of spare blocks is configured a data type or a code type. 36

19. The memory system of claim 16, wherein the processor is operable to expand the code

portion of the nonvolatile memory.
20. The memory system of claim 19, wherein the processor is further operable to erase a last
logical block of the data portion of the nonvolatile memory to expand the code portion of the

nonvolatile memory.

21. The memory system of claim 14, wherein the plurality of spare blocks is configured a
data type or a code type.
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