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| NFORNMATI ON FROM A STORAGE DEVI CE BACKGROUND Vari ous ki nds of e

devi ces maywweosu@emdi n 5 conputing systens to store infornmepdphsesnzery
Determ ning the appropriate nethods and apparatuses to retrieve
information froma nenory device may be problematic. Since a conputer :
system may make nul {4 I ey] I —operation, the
type of nenory devi%ngﬁ%%%ﬁg%gﬁaiﬁéﬁﬁggggﬁﬁgg éggﬁgﬁg&gggnaﬁgﬁfornation
fromthese nmenory devices nmay affétt e FPor mance. . Thus, there is a
conti nui ngapeedofiRy alternate ways to retrieve information frommenmory in
eonput i ng—systens—15 BRI EF DESCRI PTI ON OF THE DRAW NGS The subject matter
regarded as the invention_is particularly pointed out and distinctly
clained in theVaEbREPUNLRGS pof tierrf davdossesili bat used The cl ai med

subj e matter, however, both as to organi zation and nmet hod 20 of

oper at on?OWBBE%HErSMFFﬁm%b?%oﬁﬁgrﬁeiﬂﬁﬂﬁﬂ@ﬁi@nd Bevemtagdnat hbeeof , may
best be understood by reference to the follow ng detail ed description when
read wi t h2PRECPHEERBAPEAYRAES v arpetatusieischo 2BtEl6vel indoamakdok di agr am
illustrating a conputin systemin accordance with an enbodi rent of the
clainmed from a memory device may be problematic. Since a computer

system may make multiple accesses to a memory device'during
‘Operation, the'type_of memory device and the algorithms for
{i} 10 retriefihg information from these memory devices may affect
system performance.

Thus, there is a continuing need for alternate ways to

retrieve information from memory in computing systems.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the inﬁention'is
particularly pointed out and distinctly c¢laimed in the
N concluding portion of the specification. The claimed
subject matter, however, both as to organization and method
20 of operation, together with objects, featureé, aﬂd |
aQVantages'thereof, may best be understood by reference to
~the following detailed description when read with the

accompanying drawings in which:

25 FIG. 1 is_a block diagram illustrating a computing

system in accordance with an embodiment of the claimed
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3 0 OCT 2006 . WO 03/094004 PCT/US03/ 12974 subject matter; ang FI G % h? a
fl,ow chart illustrating a method to store retrieve informatio G OCT 2006

accor dance Wotddpapegbodi ment of the 5 claimed subject matfefusdsb Ml be
appreciated that for sinplicity and clarity of illustratiaon, e?enents
itlustrated in the figures have not necessarily been drawn to scale. For
exanpl e, . dinmensions of _.sonme of the elenents are exaggerated rel ative
10 to oth%pgéngeW?ékFSf ﬁ?grity. Further, where considered appropriate,
ref erence nunerals have been repeated anong the figures to indicate .
correspondi ng or anal ogous el enents. DETAILED DESCRIPTION In the foll ow ng

detail ed descrgﬁéion,,hunerous 15 specific details are set forth in order
to provide a r oaghSufdbt QY sy ol uste adiimioned messjose tt arstoxe.

However, it wll be understood by those skilled in the art that the clainmed
subj ect nhEFEFCHBYIBECHNAEEPR eHN vilqarsiftancehasd bs pac ieiboddeteait ©f Itheot her

i nstances, _wel | -known 20 net hods, procedures, conponents and circuits have
not bekn BtatPeBedubieabi®Rttel. as not to obscure the clai med subject
matter. Enbodi nents of the claimed subject matter nmay include an apparatus

for perform ng_the operations herein. This 25 apparatus may be specially
constructed fofttwel elerappreciated that for simplicity and clarity

of illustration, elements illustrated in the figures'have
not necessarily been drawn to scale. For exémple,‘the |
é;} dimensions of some of the elements are;exaggerated relative
10 to other elements for clarity. Further, where considered
appropriate, reference numerals have been repeated among the

figures to indicate corresponding or analogous elements.

DETAILED DESCRIPTION

In the following detailed descripﬁion; nuMerous
15 specific details are set forth in order to provide a
thorough understanding of the claimed subject matter.
=;} | However, it will be undefstood by those skilled in the art
that the claimed subject matter may be practiced without
these specific details. Iﬁ cher instances, well—kno;n
20 methods, procedures, components énd ciﬁcuits haﬁe not been
described in detail so as not to obscure the claimed subject
matter.
Embodiments of the claimed subject matter may include
an apparatus for performing the operations herein. This

25 ~apparatus may be specially constructed for the desired
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3 n OCT 2006 WO 03/094004 PCT/US03/12974 purposes, or it may cgnﬁ)r' c@

general purpose conputing device selectively activated or reco fidﬂ?ﬁ @@

a' program ¥tQf38404h t he device. Such a program may be st or gdrpgesAq9ft OFr age

medi um such as, but is not limted to, any type of 5 disk including floppy

di sks, optical disks, CD-ROMs, nmagnetic-optical disks, electronechani.cal

di sks, reatrpobys, TORDLteGal REMEDr i E&NE 0N ACCHS i e ),

el ectrically programuable '{r(ead-oﬁy men%grl es%( %ﬁ%%e e‘i“g@{ rical | y

erasabl e de¢ipeogeaEERiLE] Y ead: PRy cﬂ%@f} ( '%%gf Q 10 flash nmenory,
¥ T her eeéomtggirre |étjysﬁ 4519 For storing

magnetic or optical cards,” or any ot type | (
Tt ter a6 por dascr bad e Th Tl éhde T Uy ol GRSy ng 15
| 2nguade. stbrlbh! nba: aRprScint o8 LI S Yl Sl oot sl ng. | anguages
asserbl y. Cor achiaine PR 4 R RGeS L SDa RS ol ement 20 t he
cription and cl ains, the terns

cl ai ned sybj : I n,t he follow ng des ) _
" coupl ed"Hgﬁﬁg{‘%o—nnéﬁ%a gy %et%ﬁ‘%@c%a&ércia afieés, Fepd-palised. It

shoutd b o] at these terns are not intended as synonyns for
each ot h:lp. %Z%%ér%%s part?tiiTaAccess memories (RAMs), elec%ricgl_ly

programmable read-only memories (EPROMs) , electrically

e;asable and programmable read only memories (EEPROMSs) ,

T
j
Ry

10  flash memory, magnetic or-optical cards, or any other type
of media suitable for storing electronic instructions and
data,

Embodiments of the.claimed subject mattef are not
described with reference to any particular programming

15 language. It will be appreciated that a variéty of
programming languages may be used to implement the teachings
of the claimed subject matter as described herein. For

_ ¢xamp1e, high-level procédural, object-oriented, assembly,

L

or machine programming languages may be used to implement
20 the claimed subject matter.
In the following description and claims, the terms
~"coupled” and “connected,” along with their derivatives, may
be used. It shoulq be understood that these terms are not
intended as synonyms for each other. Rather, in particular
25 - embodiments, “connected” may be used to indicate that two or
‘more elements are in direct physical or electrical contact
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25 . enbodi.nents, "connected" may be used to indicate that tm%g%‘%@ﬂﬂﬁ
el.ements are in direct physical or electrical contact 3 3 0 2 WO

03/ 094004 PEOW®HOBNL2974 Wi th each other. "Coupled" may nmegdri§aiiad o or
nore elenents are in direct physical or electrical contact. However,
"coupled" may al so nean that two or nore elenments are not in direct
contact wWytihye 0 but, b | te.or d r[act with each
ot her. Turr%i ngégghFFgﬁéf[ a'nde68 %g{imﬁ?fg?é%gc%g{r?%u%“%g ésé;gr?)e% 100 is
illustrated uting.system.10 ed in a_wvariety of applications
such as, %o?mggggrrp%g? éﬁpéﬁggﬁél Bhglg%‘f%légsegieﬁ%arﬁtc ﬁﬁrftaé&t'v\o- way pager,:
a cellula , 10 a_portable c ut er eskt op _conput er,, ‘a

wor kst at i Eo{rol%gggé gcemrl@gﬁd Al'tHof %Bi'fle%rhoﬂ?% azé“’op(ﬁrn FoOR TS he scope
and applicatign,of the clained supject, matter i.s in.no way limted to

t hese exa%%leegl-.Otl At ﬁegﬁbSaPﬁﬁﬁP,-wﬁﬁlﬁp‘iﬁ?mgo%'erﬁ“foé’%aygtc,’ghpﬁos"e a 15
.proce§§or0110 a cache_nenory 12&, and a flash nenory 130 coupled to each
ot her Vi a°R°ba5S126. TBHETR4E WAy beed AT pat h conprising, for exanple, a
collection of data.lines to_ transm't data fromone part of -computing
system 100 to HRBEABr FO2B1%rt houdR ?‘Plkéo%d‘ﬁﬁf@ St e ETRHHERE SYHER mat ter
i's not Iig%ted i.n_this respect, processor 110 may conprise, for exanple,
one or mor n?5r6E}HEE§§B?§; dF eI aFiRg ghattem 100 may be used in a

variety of applications such as, for example, a personal

digital assistant (PDA), a two-way pager, a cellular phone,

10 a portable computer, a desktop computer, a workstation, or a
server. Although it should be pointed out that the scope
and application of the claimed subject matter is in no way
limited to these examples.

In this embddiment, computing system 100 may comprise a

15 processor 110, a cache memory 120, and a flash memory 130
cdupled to each other via a bus 140. Bus 140 may be a data
path comprising, for example, a collection of data lines to
transmit data from one part of computing system 160 to
another,

20 Although the scope of the claimed subject matter is not
limited in this respect, processor 110 may comprise, for
éxample, one or more microprocessors, digital signal
processors, microcontrollers, or the like. Processor 110
may execute a software.process such as, for example, a

25 software program or.an operating system, wherein the

- software process may use digital information such as, for
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processors, mcrocontrollers, or the like. Processor 110 nmay Fxeapireoms
software process such as, for exanple, a 25 software program or "an
operating syt &4fherein the software process may use di gh¢BbSiI3NEOLMELI ON
such as, for 4 3 O OCT 2006 WO 03/094004 PCT/US03/12974 exanple, data
~and/or instructions. Cache nmenory 120 and flash nenory 130 nay be referred

to as storagagfevi gas 236478y Resedaptegnt o store information, such as,
for exanple, Instructions or data used 5 by an operating systemor a

sof tware progr @adiRatee Sfyquoeéﬁausfigsﬁym&ﬁag\ﬁslsm bdTRERSSYg 110 may
control cache nenory 1207and flash nenory 130. For exanple, processor 110

ey contr alo e dia0skehef Jdlf QhARkEQN:M LBLI GO SYStem 100, e. g

bet ween processor Sache Menory 0, 1 | ash” menory 130. Processor
30 "R PRI ok ool ok ApSec BB, 4R Sndll ey

o Qeds ois i pBesHRLE) DLAREREOL MBridce UG Ll frihuR) 1o cache
110, | otRER SRR nERPC oo BC0ehor PIO RGP T ik pERtE i T

o et e mebRRYy 39808hal 81080 ket0o1 80 2SS Slamptd ORI WU
' may control the transfer of information within computing
system 100, e.g., between processoxr 110, cache memory 120,
'%M} 10 and flash memory 130. Processor 110 may be integrated (“on-
chip”) with cache memory 120 and flash memory 130. 1In |
alternate embodiments, processor 110 may be a discrete
component or dedicated chip, wherein processor 110 is
external (“off-chip”) to cache memory 120 and flash memory
15 130. Similarly, cache memory 120 and flash memory 130 méy
be discrete components external to each otﬁer and processor
-110. In other embodiments, processor 110 may incorporate a
memory controller (not shown) to control the transfer of
information within computing system 100. 1In alternate
20 embodiments, portions of the functionality of a memory
controller (not shown) may be implemented in processor 110
as, for example, a software application, module, or routine.
Cache memory 120 and flash memory 130 may have
different physical properties such as, for example,
:_25 different access times, storage capacity, power consumption,

and volatile;properties.-




'20_enbodLnents, portions of the functionality of a nmenory cogtrall.e not
shown) may be inplenented in processor 110 as, for exanple,qiﬁgﬁﬁhﬁgmﬁ i

appl i cati onyoameeshs, or routine. Cache nenory 120 and fl as Eqﬁﬁ? 0 may
have different physical properties such as, for exanple, g [ ?ﬁ?éﬁt

access tinmes, storage capacity, power consunption, and volatile
properties. 5 0. OCT. 2006 WD 03/094004.PCT/ USQ3/ 12974 Access, ti may
refer to the a%%% S ot s Y (T Ke L4 hes?@P@“?nP%rE&PFoﬁttB?kﬁﬁnggad
I nf or mat i froma menoy devi ce. As, an _exanpl.e, cache nenory 120 may be a
el ati vel §EOFEsTMOTRROISR devd (F Ciipardd CEAEREEN LREMoRy MEBOTY] o, | the 5
access tige of cache nenory 120 nmay be | ess than the access _times_of flash
menory 139€ViFE hodth F'hed of 3 FeFPRYd 128uBp¥chenat kelaFivaby |
Iinited.iﬁgthis respect, In one enbodinment, cache nmenory 120 may have an
access ti ST | BERCTY HFVIER maigsseshds, fdagh, mgppryxilAf efye1o the
nanos&ionds. 10 Fl ash nenory 130 nay have a relatively slower access tine
conparkd ¥6CeHE el TRk ycadlte Moy |1@dsmayobgahesecshds, the, gogess
approxi mately 50 nanoseconds. In alternate enbodinents, although the scope
of the clBihed alub)jash mamqws 3 .nalthowobethenschbe péspbet cladoe@ nenory
120 may 15 have an access tinme of |ess than 10 nanoseconds, e.g.,
appr oxi me¥'@Piehenateinss doonbt Aliasitededdr $hisoreepehave an eseativel y
sl ower access tine conpared to cache nenory 120

embodiment, cache memory 120 may have an access time of less

than 20 nanoseconds, e.g., approximately 10 nanoseconds._
10 Flash'memory 130 may have a relatively slower access time
compared to cache memory 120, of at least 20 nanoseconds,
e.g., approximately 50 nanoseconds. In alternate
embodiments, although the scope of the claimed subject
matter is not limited in this respect, cache memory 120 may
15 have an access time of less than 10 nanoseconds, e.dg.,
apbroximately one nanosecond. Flash memory 130 may have a
relatively slower access time compared to cache memory 120

of at least 10 nanoseconds, e.g., approximately 20

R

nanoseconds.

20 | Although the scope of the claimed subject matter is not
limited in this respect, cache memory 120 may be a
_telatively smaller memory aevice compared to flash memory
130, e.g., the storage capability of cache memory 120 may be
less than the storage capability of flash memory 130. For

25 :example, cache memory 120 may have a storage capacity of

less than 32 megabits, €.9., approximately 16 megabits.
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of .at | east 10 nanoseconds, e.g., approximately 20 nanosecond$.( (0T 2006
Al t hough the scope of the clained subject matter is not limted in this

respect, caweoymmoay 120 may be a relatively smaller menopyydQmqse
conpared to flash menory 130, e.g., the storage capability of cache nenory
120 may be less than the storage capability of flash nenory 130. For 25

exampl e, 3 ' rage capacity of |ess than 32
megabi t s, e(é%ﬁ , ‘“EE‘%? x%rgrgt @% fiﬁyﬁe%‘a’%% %?E%EIYGH?I”@ t5966°W0 03/ 094004
~PCT/ US03/ . Fl ry 130 may have el atd vel y | arger. st orage
capacity (‘1:% Zxérnég?gmggggg %%rm?(f/hiz‘b‘?m%lfy ;tiq 'eé_astJt a%z)ier?ﬁﬁagizt s, e.g.,

appr oxi ma gabits, As illustr I n S0 enbodi nents above, cache
menory 5h%%§bﬁgg'g§'§'re?EPF9§}VaE%%Xﬁ%§9éﬁﬁi er type of menory device
conpared to flash.menmo 3Q..Cache nenory, 120 may cache frequently
accessed i nfor%%t %gﬁ‘l?%ﬁ%‘?gaﬂ ?@rﬁ%rﬁ%me’dﬁﬁ Biger SFAGHE BFTESHput i ng
Tt i AZPneY T sPELEt SHELY et oL deSEed (A R MOROTY  equest ed
fromflas emarmr¥ 130, it ma%/ be available in cache nmenory 120, thereby
avoi di ng 2SV&F§t FOBPTTEdnGRr L Lash ety flethh Gashe ZSRoryndR) T8y,

“Therefore, overall system performance nay be inproved by caching
infornatiSﬁcpﬁ gﬁ%ﬁ% racqegsed information from flash memory 130

during operation of computing system 100, although the scope

. Qf the_claimed subject matter is not limited in this

'%,} 10  respect. As frequently accessed information is requested

from flash memory 130, it may be available in cache memory

120, thereby avoiding a relatively longer search and fetch

in flash memory 130. Therefore, overall system performancé

may be improved by caching infermation in cache memory 120.

15 In some embodiments, cache memory 120 may be a volatile
memory such as, for example, a static random access memory
(SRAM) or a dynamic random access memory (DRAM), although
the scope of the claimed subject matter is not limited in
this respect.' In alternate embodiments, cache memory 120

20 may be a nonvolatile memory. Cache memory 120 may also be a
velatile memory with a battery backup, as the battery may
prevent the memory from losing its contents when the main

. power source is off.

In this embodiment, flash memory 130 is an electrically

. 25 programmable and electricaily erasable nonvolatile storage

': device and may be a NAND or NOR type flash memory. Flash

7




15. I n sone embodi nents, cache menory 120 nay be a vol atile ‘r%ﬂngﬁ'fsmﬁ as,
for exanple, a static random access nenory (SRAM or a dynam c random

access nmenowQ 06RO , al t hough the scope of the claimed swgjraghzmmuier is
not limted in this respect. In alternate enbodi nents, cache nmenory 120 20

may be a nonvolatile nmenory. Cache nenory 120 nmay al so be a volatile

TeNOry Wi hbndrhat 16T PASkULp s d NS DALAY R 1BTRVEAL ot BErTELPL Y from

losing its contents when the main power sodrce is 0 odi nent ,
fl ash j i.cald 5 QgLa | ically
erg:ablngrr%%ﬁ%?g‘te}in ]é)asrjlt%dr g‘g&gllggév%%dee ganérgrray bgggQN%ﬁgggr %@%‘t‘{légg -f?/ash :
. F.ash; 3 L USO 974 ' may b
Capabl & of L See RaT T s Hor B i BenREmers M Eh0 MBS el ude &
chown) . - EReROEhoetD Wl PrncaPe o TS il bR B BorE S bhe™ 8 char oo 5
the absene 81 pF MU IO s OPhGiB5 8 LR PRBREYnGPgabe. Fl ash
13 | s i ncl.ud buf fer 170 and pr ef et ch trol_ 180
T e EB LR A S S U U PR B8P SR SOR RS

may be a register,or a storage area within flash nenory 130 for tenporarily
O%?%?%Bf}%ﬁﬁlqﬁeﬁ%ﬁ§ﬂ1 control 180 nay control prefetching

storing i
Flash memory 130 may also include a buffer 170 and a

prefetch control 180 coupled to each other, memory cell

= 10 array 150, and bus 140. Buffer 170 may be a register or a
storage area within flash ﬁemory 130 for temporarily storing
information. Prefetch control 180 may control prefetching
of information stored in memory cell array 150. Thé
prefetch information may be transferred to buffer 170 and/or

15 cache memory 120. In this embodiment, prefetéh control 180
is internal to flash memory 130. In alternate embodiments,
prefetch control 180 may be external to flash memory 130.

For example, prefetch control 180 may be integrated with

s

processor 110 or portions of the functionality of prefetch
20 control 180 may be implemented in processor 110 as, for
example, a software application, module, or routine. In
other embodiments, prefetch contrﬁl 180 may be external to
flash memory 130 and physically closer or architeéturally
closer to flash memory 130 than processor 110. In
_25_ addition, in this embodiment, buffer 170 is illustrated as
.internal to flash memory 130. 1In alternate embodiments,

8.




of .information stored in nenory cell array 150. The prefetch Infﬁ(ﬁ&?tjﬂﬁg
may be transferred to buffer 170 and/or 15 cache nenory 120.
enbodi ment , wer @fegmln control 180 is internal to flash nennrgnmﬁﬁﬂ%hn

al ternate enbodi nents, prefetch control 180 nay be external to flash
~nmenory 130. For exanple, prefetch control 180 may be integrated with
processor pLk¢eer 189N kh9NBeOhat B fé%&éh??f'ﬂé ¥e1Ys rnféfneﬁh 120 goptrol 180

‘may be i npl enented .in processor 10 as exanpl e, a software

200 oy bary, PR Rhoi8R11QLEBE: d QLD SRR (dlodthl ) @1 aeant rol
ar chi t ect yeald, 1%'<>0§ﬁén;gr{3£g% 784 Y Jg»&gﬁm S0l A0 1 J 25
I N i S nt, 70 'S A

addi ti on, enbo €d as |nternal to
RCT/ Us03/ &%Orbnurf b %%Bg%glbgbnﬁi“@ oerryna e 2eY Brory 130 and
Chan rf oo ShyERe fﬁia"'°?f>areﬁa?ﬁ%?'9ﬂf€%¥¢€#4 °1?9§{>et F o e BetarhS to
'ILaE?OZEZEé%*%SaS hERTOF r? p%f'yc"i"e,hy Dﬁ'r?ﬁér a°?eZBC2Lé?§§ fon, % oset

“software proceﬁs executrn processor 11 uest |nfornat|on t hat
is stored in tPasRZnBndf 1%e aﬁﬁ‘%nr e’i'qu%%é SFRE TE910
transferred froma stor?ge | ocation in, ceII array 150

I processor 1 may request in rmatlon that Is stored in

flash memory 130. This requested infermation may be

10 transferred from a storage location in memory cell array 150
to processor 110 for processing. The storage locations in
memory cell array 150 may have corresponding addresses for
aecessing information in memory cell array 150. The
requested information may also be transferred to cache

‘ 15” memory 120. Therefore, in subsequent read operations, the
requested information may first be found in cache memory
120. |

In order to request information during a read

gperation, an address ideﬁtifying the location of the

20 requested information in memory cell array 150 may be
transmitted to flash memory 130 from processor 110, and the
requested information at the requested address in memoxy

s cell array 150 mey be retfieved. The requested information
may be transferred to buffer 170. Ae an example, although

25 the scope of the claimed subject matter is not limited in
this respect, the requested information may be 256 bits in

9




to processor 110 for processing. The storage locations in nenory cel
array 150 nmay have correspondi ng addresses for accessing inf grgreﬁ@ Pone;
~menory cel | Warosgp4$0. The requested information may al so meridoan éggrred
to cache 15 menory 120. Therefore, in subsequent read operations, the
requested information nay first be found in cache nenDry 120. In order to

reduest | AL pn LB 5600 o ORLALEOR A0 AMIIERS, Iglent i fying the

| ocation of requ |nfornat|on I'n array 150 may be

{ransm e i L%k TAR ki LOTLPL oS Péolc"@ L vh 4 Mg gt ed

I nformati on e reques ress 1n ne array 1

retrieved. 1-€E%é? estegF& g@ﬁatl§EOFEBX¥$fe§ranﬁéeEﬂl%j ffe%u£70. As

an exanpl e; al ed ‘subj’ec i s not

l d h h ey be. 25
0 GoT 200 %f%%?%%spe péwtﬁéé%/f‘i%%%‘igh‘; ST En T eprel?elgﬁ% i

transferri,ng 256 hit i nfQr mat fro mor ell arra 150 to buf f er
o e ks B e BE BRaRE b i) oS Tififer gk s 140
may be a 64 b|t bus, and therefore, %ransferrln ‘%% b|t i nformation
from buf f el2ULRF BFOSEEHEF ddChBeMekBig 2RBEOLIM %y t ake

approxi mately four _clock ﬁcles Accordln% f I n thIS exa
transferr |‘ﬁ’gél S5t oPFECFSATELY M ABbFY S cBXRTRE ¢ ayt WS {9 i "cache

information from memory cell array 150 to either cache
- memory 120 or processor 110 may take approximately seven
{m} 10 clock cycles, although the scope of the claimed subject
matter is not limited in this respect.
'A prefetch operation or prefetching may include
retrieving information from memory cell array 150 prior to a
request for the information by a software process executing
15 in processor 110. The prefetching may be a sﬁeculative
oberation and the nonrequested information may never be
requested. The nonrequested information may be transferred
'~} 'to buffer 170 and/or cache memory 120. The nonrequested
information identified by the prefetch operation may be
20 referred to as prefetch information.

Prefetching of information may improve system
performance. For example, in the embodiment illustrated
above of transferring 256 bits of information, during or
‘after a read operation of the 256 bits of requested

- 256  information, nonrequested information may be prefetched and
placed in buffer 170. If the prefetch information is

10




qq menory- 120 or processor 110 may take approximately seven 18 gIggk 2006
cycl es, aItQaH h the scope of the clained subject matter is not limted in
this respect. /%?@¥etch operation or prefetching may incl uBETUSEIIRIRVI NQ

i nformation frommenory cell array 150 prior to a request for the
“information by a software process executing 15 in processor 110. The

pr ef et chi nteargs e alspiecylatsubaeqopeatahbadrange ¢ des nomd et est B

i nformati on may never be requested. The nonrequested information may be
transf er r ethf dwnatufdreri <l Zrzandbie ¢achefpesol yo 128t hdhe: RonT BYuesh®d,
information identified by the prefetch operation may be 20 referred to as

ptefetch icdl rmatiagn. 190 efeleghithe pheif8ton Mok i OAMARYoh 'RAPUISe SYySt em
performance. For exanple, in the enbodinent illustrated above' of

transf er r i tgprifte hidds tef éirtf}ﬁ_rrn?&b@@s_sdwim &F cAMhEmémd LRt aperatd on of
the 256 bits of requested 25 information, nonrequested information nmay be

br ef et Shedamd of @eert Gl £oE1340rat hek Nendli ASHER ETSOE WL 15 10 3 0
OCT 2006 WD 03/094004 PCT/ US03/ 12974 requested during a subsequent nenory

access andir ftHil¥ exampler, MhieoBnbantVak! abhe i Dtdes dHO rather than in
‘menory cell array 150, then the prefetch information may be transferred

to either jprfegessaonl Foori faashenaREPyY1320i4 NedaRd @t Andfedpur clock

cycles rather than seven clock cycles. In this exanple, the "anobunt of tine

to access itl®reasing overall processing speed of computing system 100.

In order to identify or determine which information to
£ _ ‘ _

' iJ} 10 prefetch, many prefetching algorithms may be used. For
example, nonrequested information may be identified based on
location of requested information in flash memory 130. In
this example, nonrequested information located nearby or in
close proximity to (e.g., adjacent or-continuous to) the

15 requested information may be prefetched.
In other embodiments, the nonrequested information may
be identified based on the characteristics or attributes of
the requested information. As an example, processor 110 or
prefetch control 180 may be adapted to exaﬁine the requested
20 | ihférmation and determine if, for example, the requested
information comprises a jump instruction and a jump address.
“If the requested information is a jump instruction, then the
nonrequested information at the jump address may be
prefetched from memory cell array 150 to buffer 170. As
_ 25 .'another example, if the requested information is an
:instrugtion_that includes a conditional branch, then the
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i nformation fromflash nmenory 130 is reduced, thereby increasing overall
processi ng speed of conputing system 100. In order to identifyddr (5t 8668 ne
~whi ch i nforwitim4me 10 prefetch, many prefetching al goritimsusmyzée used.
For exanpl e, nonrequested information may be identified based on |ocation
.of requested information in flash nmenory 130. In this exanple,

nonr equestdatd Mamaticobraaeat adareas bmafrbé Nor &f O8E R OXi 1 té/nétﬁqef(ze -9.
adj acent or continuous to) the 15 requested information may be prefetched.

I'n .ot her ogi e NtiE, thiae S j tjor i i fied based
| enbOdiIENtE, the rageearast 8o ini o gmti on, @%az?cﬁfoéﬁanﬂﬁ%

on the characteristics or attributes of the requeste . As an-

exanpl e, pretasseriochl@hak gpeef ﬁé@hiﬁ@ﬁ&cﬁé"a%%éﬁb’uﬁ? @ﬂ%ﬁeﬁg t9,&xam ne

t he requested 20 informati on and determ ne | exanpl e, e Tequested
infornati @refemh ent@olUiBol RSl MEhi oM AW &.d t![m?j_al_q:q,re s._ If_the
requested information is a junp %’nstru@’tlﬁll on, tf}?iéen the noer'egh‘Uesaic%eéd]

infornéti em IFrEBe LY RaaRAEESS BRYsPe HI ched from ry._cell array
150 to buffer 170. As 25 anot her eig(rartp ec?g% t%{eL r%hqeueas Sréggh’?/trﬁ ormation is

an - i'nst r ygirerst Bat +jhach i ti,0nal hranch, then the 11 3 C OCT
- 2006 WD 03/ 094004 PCT/ uso%??%%%wﬂ‘gt%é t'om _ngcebri'é"r‘n“& TRFHSEE YR be

O e B e e AR Bty M N b B et
prefetCh-@65E£gh igg-ﬂﬁy B@néﬁggég&’éé“ﬁﬁ¥%'ﬁ¥§% %%ﬁ% in%%%uctions of
| different families of processors. |
) 10 In some embodiments, prefetching information from
-memory cell array 150 may be enabled or disabled. For
example, processor 110 may transmit é prefetch enable signal
to prefetch control 180 to enable prefetching in flash
memory 130. 1In this example, prefetch control 180 is
15 responsive to the prefetch enable signal that may be
aéserted by processor 110 to enable prefetching in flash
memory 130. Disabling the prefetchiﬁg resources in
computing system 100 may reduce power consumption of
computing system 100.
20 | Turning to FIG. 2, a method 200 to retrieve information
'in accordance with an embodiment'of the claimed subject
matter is described., This method may be illustrated with
reference to computing system 100 (FIG. 1). In some
embodiments, prefétch control 180 and/or processor 110 may
25 ;include circuitry, software, or a combination of circuitry
~and sthware.to implement the method described in FIG. 2.

12




5 an offset or mask sone bits) to determ ne the absolute adq$§fiﬁﬁ$ gm§
nonrequesteqﬁgggﬁi Since junp instructions may be different 2 ent
types of pro P04 prefetch control 180 nmay be adapted t @Crntses/pogs | unp
instructions of different famlies of processors. - 10 In sone

enbodi ments, prefetching information from nenory cell array 150 may be
enabl ed orA%ﬁ%Qﬂﬂhuﬁhqaﬂndiyidmpﬂegcpionessﬁrméﬁﬁo@nyomr@£§n1t a prefetch
enabl e signal to prefetch control 180 to enable prefetching in flash.
menory 1301 4ystnftedeandidescpibidt eb sephrate 188 isdns 15oheseenshye to the
prefetch enable signal that may be asserted by processor 110 to enable _
pr ef et chi rRf ithe liashividswdr pct30nsDnagbbi nget herms@f @b kdhABe hESEUIEES | N
conmputing system 100 nay reduce power consunption of conputing system 100.
20 Tur ni ndheo stoe 2f dheethadm200stb; et rhgveet N HIHBY | Dini tdy &g or dance
“With an enbodi ment of the clainmed subject matter is described. This nethod

may be%i | IReticamédanithleser eberantent 01 orRalt bde SySIBBLANLEI G 1). In
sonme enbodi nents; prefetch control 180 and/or processor 110 may 25 incl ude

circuitry, sof thhaseemboddmentbingdt bogi0f wlil Clbdddmi iy SOfdvwad,e L
I mpl enent the nethod described in FIG 2. 12 3 0 OCT Z006 WO 03/ 094004

PCT/ US03/ £26Pde prtfietghihgeot neh o et 1 St H:205 find ) Rt 1200218 150
iIIustrated and described as separate actionsz one or nore
in flash memory 130 {(block 210). This determination may be
made based on predetermined knowledge of the memory -

-%w} 10 accesses. For example, a system designer or software
programmer may know that a group of memory accesses is
relatgd, €.9., a system designer may know that blocks of
data are stored sequentially in membry cell array 1590.
Therefore, in this example, a system desiéner ma? choose to

15 enable prefetching of nonrequested information that is
located in close proximity to the requested information.

The method illustrated in FIG. 2 may include a read

operation performed by a software process executing in

R

processor 110. This read operation may include requesting
20  information frpm flash memory 130.(block 220) by
transmitting a request address to flash memory 130, wherein
the request address corresponds to the storage location of
the requested information in memory cell array 150. The
read operation may further include transferring the
* _ 25 .requested information to buffer 170 followed by transferring
the requested information from buffer'170 to processor 110

13




of ‘the individual actions may be perfornmed concurrently and BW?fﬁ?fgﬁ f
the clained subject natter is not limted to 5 perform ng these ope P ns
~in the ordewoidlonsbs at ed. This enbodi nent may begin with det@Erosoings

whet her to enable prefetching of information fromnenory cell array 150
in flash nenory 130 (bl ock 210). This determi nation may be nade based on

predet er mMap@dt HneW edg@eOhehBeyMeaBIY 10 accesses.. For exanple, a system
-designer or software progranmer may know that a group of menory accesses

i's related, ePgeife%c%l{%be{ﬂaQeébiﬂPEEsgai/dé(t‘f‘@l"h;i rmraféfﬁ;eg]tetﬁata are

stored sequentially in néenory ce array 150. ~ THerefore, is exanple,

a system deggngk i BRY iaNAGRErLOcd 1 Ry PiCTa Cglh{a%e@a;heig@;gt%quest ed

information that is |ocate close proximty to ed

i nfor mat | ghpiZhe (BELARdanb) US Al et el (s RodiBly. NGNS A L pad oper ation

perfornmed by a software process executing 1n processor is read

oper-ats'on&%aﬁﬁl;peguga &ggamwgn a%@%ggﬂé' Oifh%fl{tgggiﬁg menory 130

(bl ock 22 ransm fting a reques €Ss to ry 130, wherein

e o pa e Bn2 G888 804 ESPARETOR 21 402 28 °L.29E J AR BlF Hemd AP deiduest o

information in nmenory cell array 150." The "t ea eration may r
ool |BSSRSRGNLALUS 85 ERELESLE, L Bld R Byl o L0 (o) Toned by
‘13 O ocT %gggrmgkggﬁqg498§ g§§%$§g?/é%é?g%chihg may comprise
S identifying nonrequested information located adjacent to the
‘i“} 10 _ requeSted,information. -In altérnate embodiments,
identifying nonrequested information may comprise
identifying nonrequested information located in a region of
memory cell array 150 based on the characteristic of the
requested information. During or after identifying cf the
15 prefetch information, the address of the prefetch -
information in memory cell.array 150 may be stored and may
be referred to as the prefetch address.
The nonrequested information may be transferred to
.buffer 170 from memory cell array 150 (240). The prefetch
20 operation.may be followed by a subsequent read operation
~ that may include transmitting a reguest address to flash
memory 130. Prefetch control 180 may compare the request
address to the prefetch address. During a request to
retrieve information from flash memory (e.g., during a read
.25 operation), if the requested address and the prefetch
address match (e.g., is equal to or approximately equal to), -

14




and/ or to cache nmenory 120. Prefetching may conprise identify&ng
nonrequested information in nenory cell array 150 if prefetchith@(Ts 2008
enabl ed (bl $&k0308¢%04 | n some enbodi nents,. identifying 5 noPCEUNBaRET
information may conprise identifying nonrequested information |located in a
‘region of menory cell array 150 based on the |ocation of the requested

i nfor mat i athidalayeranplegerpeal €bCAENG MBie £OHY itHR . 1 dervendddy, if
nonrequested information |ocated adjacent to the 10 requested information.
I'n alternae ewbediswedt Sddriedenhhliytng pesf&dired@Rhddy QdTBidtOmatRh,
conprise identifying nonrequested information located in a region of
ifenory celghiaf iy bel reasedeantbhgscharged e4d &t ingiyf, the requested
information. During or after identifying of the 15 prefetch information,

the address of ytthenhpr ebghelt 58&9é§§fh5%bﬁébrEHEﬁP&é%ﬂch”é&B&éBﬂl nmay be
gtored and may 'be referred to as the prefetch address. The nonrequested

i nf or ngt | %é@%r@%e%ﬁn%ﬁwsﬂ, 880 AN T &Nad10 fH RO G lerray 150
(240). The prefetch 20 operation may be foll owed by a subsequent read

oper at i on hat; i ) t'f@x QQ§§rﬁH%W§§ & T gsfe menory
130. Pref g{ chlgg%??oﬁg%gg%ﬁ%egg%gr% t %érclggluestr a regfsrttoﬂthe S:r efetch
addr ess. ol I Leve- anf orqmatd f | (e.qg.,
- P ROBIEEANESE 190, [Elobissll DI LgD, RRd gl IE Y |

during a read 25 operation e requeste n e

addr ess ”%tr%rfe@_%hginf.b§m§9_'fah ﬁgyoélgg%é”%mﬂﬂ:t%%%o tQche ¥emory

120. 1If the request address does not match the prefetch

; lﬂu‘.‘k]\_\.\
i

~) 10 address, then prefetch control 180 may prevent transferring
of the nonrequested information from buffer 170 to processor
110. The nonrequested information may be removed from
buffer 170 if there is a prefetch miss (block 260).
Efficiency of computing system 100 may be improved by
15 only transferring prefetch information from buffer 170 if
there is a prefetch hit. For example, the energy and
-resources used to transfer prefetch information from buffer
170 to either processor 110 or cache memory 120 may be
conserved. Therefore, by only transferring prefetch
-20 _ information from buffer 170 if there is a prefetch hit, the
‘power consumption of computing system 100 may be reduced and
.bus 140 nay be free to handle other transfers of
. _. | information.
While cerxtain features of the invention have been
.25   illustrated and described herein, many modifications,
substitutions, changes,iand equivalents will now occur to
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3P. QGT2QV6 WO 03/ 094004 PCT/ US03/ 12974 this may be referrﬁg]t%g?z @%
"prefetch hit." Conversely, if the requested address and t ﬂ} 9
address do wotosnmieh, this may be referred tows a "prefetgrmissiiieosf the
request address matches the prefetch address, 5 then prefetch control 180
~may enable transferring of the previously nonrequested or prefetch

nfor at] AAHLOBYALAT 1nl?fe! 801 000 TRk 3o 1 sore

-‘enbodi nent's he ch |nfornat|on e transnltted to cache

menory } {@%erstoggteg Bue gﬁg@g&édd&f&n@t x@tﬁ{t%xﬂf‘e Pref edgfer 10

addr ess, con preve transterring of the

nonr equest ¢ u r S ’H%

nonrequestg@ SE‘}F Wﬁflfggcgwg%g %Jé(?m%ed&l'ér%na{oﬁrb%?l W ]r? e?terules a-
prefetch m ss. ck, 260 tf|C|ency of conputing systen1100 may be
i.nproved ﬁf f 8% ghFréﬁ¥?BE%|%g prefetch.information frombuffer 170 if
there %s a prefetch hit. For exanple, the energy and resources used to
transf prefetch information frombuffer 170 to either processor 110 or
cache nmenory 120 nay be conserved. Therefore, by only transferring
prefetch 20 information frombuffer 170 if there is a prefetch hit, the
power consunption of conputing system 100 may be reduced and bus 140 may
be free to handle other transfers of information. Wiile certain features

of the invention have been 25 illustrated and descri bed herein, many
- nodi fications,
D

Y
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substitutions, changes, and equivalents will now occur to 15 3 O OCT 2006
WO 03/094004 PCT/ US03/12974 those skilled in the art. It is, therefore, to
be wunderstood that the appended clains are intended to cover all such
nodi fications and changes as fall within the true spirit of the invention.
5 16 17 Repl acenent Sheet 30.10.06 CLAIM5S 1. A nethod, conprising:
receiving a request froma processor fbr infornation i fegappasicsenory,
wherein the processor is adapted to execute software; deter?ﬂ'lﬂioﬁg whet her
the progggs@r enabled prefetching of information in the flash nmenmory; if
prefetching is enabled, transferring fromthe flash nmenory information
requested by the request and identifying in the flash nmenory information
not reqlgeste&lmg%o(g ngér%g, est in response to the request; if prefetching is
not enabl ed, transferring fromthe flash nenory information requested by

t he requestrecdivingespprsidrona prdetesstigfgudiatnatiod.in deeh meibgdvhefeinaheairetedsor wher ei n
determ nin et her the processor enabl ed prefetching conprises

det er mi AR ‘éf’?‘?&?"ef’?{@’a%iocessor asserted a prefetch enable signal. 3. The

met hod of cl @idihilling WhEHE Ldgéﬁsmsﬂlmréf&%ﬁ%rmoﬁs el ston): S | Ocat ed

inafirst region of the flash nenory; an erein 1dentitying’information
not request ethrifytchings eregled Standarvgriiomeise flagememdry infognatiooregegiad by Belrequest

: 2; 8:: g%tr{dg%nﬂfgnquiﬁ ﬁ‘ugal?lgae)sgld eg/meot%lhig O?n%&wéngof r_egdegt%(? bytggpegé{esp iﬁ?eesgon(s)g totthrzaerecgu%gt;at fon of
if prefetching is not enabled, transferring from the flash memory information requested by the

request in response to the request.

2. The method of claim 1, wherein determining whether the processor enabled prefetching

comprises determining whether the processor asserted a prefetch enable signaf.

3. The method of claim 1, wherein information requested by the request is located in a first region of
the flash memory; and wherein identifying information not requested by the request comprises identifying
nonrequested information in a second region of the flash memory based on the location of information

requested by the request.
4. The method of claim 3, wherein the second region is adjacent to the first region.

5. The method of claim 1, wherein identifying information not requested by the request comprises
identifying nonrequested information in the flash memory based on a characteristic of information

requested by the request.

| 6. ~ The method of claim 5, comprising:
determining if information requested by the request comprises an address for a branch or jump
instruction;
wherein identifying information not requested by the request comprises identifying

nonrequested information based on the address.




4. The nmethod of claim3, wherein the second region is adjacent to the
first region. 5. The nmethod of claim1l, wherein identifying information not
requested by the request conprises identifying nonrequested information in
the flash nenory based on a characteristic of information requested by the
request. 6. The nethod of claim5, conprising: determning if information
requested by the request conprises an &dress for a bréﬁ@ﬁmﬁﬁﬁf
instruction; wherein identifying information not requested b O request
conprises identifying nonrequested information based on the address. 18
Repl aceifent Bheeﬁhm8®0@®10@0mﬂkm§he nethod of claim1, conprising:

transferring, i ntlf n not uest ed b r est to a
buf fer 1 n ¢ AR st Plomagen eh Barkaien b o eakehdbte Gl pPL g™
transferring identified |nfornat|on not requested by the request to a

storage deV|ce ha g access tinme |l ess than an access tine of the flash
menory. 89. THe clgim ¢ caAPResing: conprising: receiving a request address

for another {ﬁgi‘éﬁ'l?& Idglq ed |F'ft)r?f gﬂ'moﬂ@ uegfam} Féguésptgasﬁ gﬁéwc@q a% to a

pref etch address dent i nonr eques orna ron; ansferrlng
i denti face:dsa'tmrlaqmestaedcqemmmmedashrﬁenﬁdme prefetch address matches t he

request address. 10. An article conprising a storage nedi um having stored
t hereon instructions, that, when executed by a conmputing platform having a

processor adppiesihddf aXecUtenprsiadg:t ware, result in: selectively enabling, by
t he processor, prefetching in a flash nenDr¥ transmtting, by the
processor, aefRdseseaesiadiipssdereaetheseaupst fonislormatieh menor v

comparing the request address to a prefetch address for identified nonrequested
information; and
transferring identified nonrequested information if the prefetch address matches the request

address.

10. An article comprising a storage medium having stored therean
instructions, that, when executed by a computing platform having a processor adapted to execuie

software, result in:

selectively enabling, by the processor, prefetching in a flash memory;

transmitting, by the processor, a request for information in the flash memory;

if prefetching is enabled, transferring from the flash memory information requested by the request
and identifying in the flash memory information not requested by the request in response to the request;

it prefetching is not enabled, transferring from the flash memory infqrmation requested by the

request ir_l_ response to the request.

11. The article of claim 10, wherein identifying information not
requested by the request comprises identifying nonrequested information in a region of the flash

memory based on the location of information requested by the request.

12 "A nonvolatile storags device, comprising:

- memory; and




if prefetching is enabled, transferring fromthe flash nenory information
requested by the request and identifying in the flash nmenory information
not requested by the request in response to the request; if prefetching is
not enabled, transferring fromthe flash nenory information requested by
the request in response to the request. 11. The article of claim 10,
wherein identifying i nformation not redliested by the rdtjplagment rises

i dentifying nonrequested information in a region of the f1 asf%! nory based
on the location of information requested by the request. 12. A nonvolatile
storage device, conprising: nmenory; and 19 Repl acenment Sheet 30.10.06 a

prefetch contro dapted to determ ne ether a processor adapted to
execut e soft w&fﬁt? t%ﬁgrﬂmg%dg%t?q t&ﬁie'ﬁmﬂ?ee“f’r@}lrm@ﬁa RIRSE5TOL 2Pl & SepfiesPrardetn
contr ol aadad £sletbeh SHaBIE SN tHe' IR BRI a®ibtel RSO RIAhéh Sy oftteHoRAGRndeVi ce
i nformati on not requested by a request fromthe processor 1n response to

t he r eqtierage fdvice informatioe e reghestadd leequeg) fierh thi awcdsewiin reseesd te the astdedt @ theot

prefetch requested i pformation jn response to the . request if the
Pt of ot ceBATTaCT R Reed st ats ST oS e o iatirh axsprise & ¢ age
devi ce Rbudst RinBpbRichGAFIN dighbiBs Aotbdéd REerded. St ore nonrequested information,
and wherein the prefetch control is adapted to transfer nonrequested

information froma nmenory in the nonvolatile storage device to the buffer

during after assertin f th refetch enable signal. 14. A system
comr sthgr 8B RETe shaa drickd v dr et atula s bRt FUTEY on,
and assgigt a prefetch enable signal; a flash nenory external to the
processor, wherein the flash nenory conprises a nenory cell array and a
pref et ch corithestin thelaipletstl centroldeadapiei! tndtrapkfentriaerequgsted isfoeatibn Eerabimemsiygmtaé  has

been as ntrol .adapted refetch fromthe nenory

cel l arfogg&%% Sttciﬁ%%fdfgéseﬁg ﬁ%‘r%%mreggﬁﬂh grrarqtﬁﬁsgeﬁt "H 8{ the '5’8%%’3%’%38'8 Sl?)?‘ma request from
the processor in response to the request if the prefetch enabl e signal has
been asserted and to not prefetch nonrequested information in response to

the reqlfest 4 fY5tRecqRREFRE ch

a processor adapted to execute software, request information, and assert a prefetch enable signal;

a flash memory external to the processor, wherein the flash memory comprises a memory celi
array and a prefetch control adapted to determine whether a prefetch enable signal has been asserted, the
prefetch control adapted to prefetch from the memory cell array of the flash memory information not
requested by a request from the processor in response to the request if the prefetch enable signal has
been asserted and to not prefetch nonrequested information in response to the request if the prefetch
enable signal has not been asserted; and

a volatile memory coupled to the flash memory.

15. The system of claim 14, wherein the flash memory comprises a buffer to store nonrequested
information, and
wherein the prefetch control is adapted to transfer nonrequested information from the memory cell

.array in the flash memory to the buffer during or after asserting of the prefetch enable signal.

16. The system of claim 14, wherein the prefetch control is adapted to

‘compare a request address from the processor to an address of nonrequested information in the

-flash memory.




enabl e signal has not been asserted; and a volatile nenory coupled to the
flash menory. 15. The system of claim 14, wherein the flash nenory
conprises a buffer to store nonrequested infornmation, and wherein the
prefetch control is adapted to transfer nonrequested information fromthe
menory cell array in the flash nenory to the buffer during or after
asserting of the prefetch enable signaf?® 16. The syst erfcpiccueashisiisg,
wherein the prefetch control is adapted to conpare a request3%HHPess from
the processor to an address of nonrequested information in the flash
menory. 120 REp systemeitlaiBliéeihersdOthd Oref@bh tantrollif edapied teednabié radster of 16, wherein
the prefetch control is adapted to enable transfer of nonrequested

i nf or malPBHYES® 'W@"ﬁP%‘é%&B cgsporifihe rPRgsiadiressdeptibes MR AT SRS O IRBIRTBess of
nonr equU@&iR4ioni Nformation. 18. The system of claim 15, wherein the buffer
is aregister. 19. ‘'The nonvol atile storage device of claim 13, wherein the
buffer is a register. 20. The nonvolatile storage device of claim 12,

wherein the prefetch control is ad ed to conpare a request address from
the professo etségﬁrﬂogcg‘?ﬁ?é 'sWhﬁfe’%tg?\gLﬁTlﬁﬂégfe@&teir'nf ormation in the nonvol atile
storage device.

19. The nonvolatile storage device of claim 13, wherein the buffer is a register.

20. The nonvolatile storage device of claim 12, wherein the prefetch control is adapted to compare a
request address from the processor to an address of nonrequested information in the nonvolatile storage

device.




