ND .03/ 094004 PCT/ US03/ 12974 NMETHOD AND SYSTEM TO RETRI EVE | NFORVATI ON FROM
\ STORAGE DEVI CE BACKGROUND Various kinds of nmenory devices may be used in
5 ‘conput i ng WOIPENEIt 0 store information. Determning the amETaHob/ALE

met hods and apparatuses to retrieve information froma nenory device may
e problematic. Since a conputer system nmay nmake multiple accesses to a
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system may make multiple accesses to a memory device during
operation, the type of memory device and the algorithms for
10  retrieving 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 invention is
particularly pointed out and distinctly claimed in the
concluding portion of the specification. The claimed
subject matter, however, both as to organization and method

20 of operation, together with objects, features, and
advantages 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

1




subject matter; and FIG 2 is a flow chart illustrating a nethod to store
retrieve information in accordance with an enbodi nent of the 5 clained
subj ect matwerd3/0p4004i | | be appreciated that for sinplicity aPCr/gberizeny of
illustration, elenents illustrated in the figures have not necessarily
been drawn to scale. For exanple, the dinensions of sone of the el enents
are exaggeuatedtr ebatieve k@dto other elements for clarity. Further, where
considered appropriate, reference nuneral s have been repeated anong the
figures to indicate correspondi ng or anal ogous el enents. DETAI LED
DESCRIPTION I n the follow ng detail ed description, nunerous 15 specific

details are ser&orthiign z0kder, Eﬁas}&omd@seramﬁg%%el&m Handigig of the

cl ai med subject nmatter. However, it will be undérstood by those skllled in
the art thatrtBecchairBResBLEGh QEEB%HaEE¥ Qgtﬂraﬁtb%@%aw &Q@ﬁe
specific details. In other instances, well-known 20 nethods, proce ures,

conporgnt 818Rfell EGHLESthAKe cROL been described in detail so as not to
obscure the clained Subject matter. Enbodi nents of the clainmed subject

matter may include an apparatus for perform ng the operations herein. This

25 t 094004
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of illustration, elements illustrated in the figures have
not necessarily been drawn to scale. For example, the
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 understood by those skilled in the art
that the claimed subject matter may be practiced without
these specific details. 1In other instances, well-known
20 methods, procedures, components and circuits have 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

2



purposes, or it may conprise a general purpose conputing device
sel ectively ﬂﬁ{ﬂ va(g ed or reconfigured by a program stored in the device.
Such a prog?a 1135?;5 He stored on a storage nmedi um such as, BGT/US&3/HYT4

limted to, any type of 5 disk including floppy disks, optical disks,
CD-ROVs, mmgnetic-optical disks, electronechanical disks, read-only

menori es EROMOSESrafformtad@es sampmited (RAMR1 guagiadse atdyputpirogr ammabl e
read-only nenories (EPROMS), electrically erasable and programuabl e read
only nenprdedsd CEEBRREM)LVelly fadcisivaterbroyy, magmetigurerd dpt i £gdrantals, or any
other type of nedia suitable for storing electronic instructions and

dat a. Enb&dionent ¢ noft hiehelesligiaved Ssulhj ectprafrtaar nanve bwtst stestrabed with
reference to any particular programm ng 15 | anguage. It will be appreciated
that a variterygef meghogr, amialy dsanguages mey hdmised tw i Mmhersfe tde
teachings of the clainmed subject matter as described herein. For exanple,
hi gh- | Bveldipkodedirsli ncolfjlegtpyordienised opassenblid sk=Qr CIRGUME pr ogr ammi ng

| anguages may be used to inplenment 20 the clained subject matter. In the

f ol I owi ngmegsetiiptopniaad dialkes, elketirem@Ehaneednl ad'siand fenrgated,
along with their derivatives, may be used. It should be understood that

these ter memareesot(ROMBY endatidat ayaeR¥Thekdl i8aCrRAMIS!,. HRuNe.cdiny
particul ar 25 enbodi nents, "connected” may be used to indicate that two or
more el enprbgrameabledireaat ophyseabroksel(@ekbmedl, eaRlAGL 311y

erasable and programmable read only memories (EEPROMs),

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 matter are not
described with reference to any particular programming

15  language. It will be appreciated that a variety of
pProgramming languages may be used to implement the teachings
of the claimed subject matter as described herein., For
example, high-level procedural, object-oriented, assembly,
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 should 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

3



WD: 03/ 094004 PCT/ US03/ 12974 with each other. "Coupled” may nean that two or
nore elenents are in direct physical or electrical contact. However, ’
"coupl ed" nmP BRYo%ean that two or nore el ements are not i nPEIEEN128TInt act
wi th each other, but yet still co- 5 operate or interact with each other.

Turning to FIG 1, an enbodi nent of a conmputing system 100 is illustrated.
Conput i ng wiyt$t emc @iy be WsRhligt a mayaticeiry tofatapmd cat ingse such as, for
exanple, a personal digital assistant (PDA), a two-way pager, a cellular

phone, 10 ed gp@itablaa-ecanpuiitfecta fgskicel canRlleitridalordksittddton, or a
server. Although it should be pointed out that the scope and application

of the cl aicwraexybjectugiRid-ermdys dibdmesdy tHdtMdwed dio ridies e el es. 1 n
t hi s enbodi ment, conputing system 100 may conprise a 15 processor 110, a

cache memame b} iandid-dfdrasdbiemy Yvik30 eakolpiefbrt,0 RACh/ & hedi Vi - bus
140. Bus 140 nay be a data path conprising, for exanple, a collection of

data | fnesdddatld 315 Nirde datd: f A e dthedf. conputing system 100 to
anot her. 20 Although the scope of the clainmed subject matter is not

limted in thiseSRRCl o FREESSOanl KM P58 dputs Yatrdme or
nore m croprocessors,” digital signal processors, mcrocontrollers, or the

|ike. Progessqls 140 ,JPah @XECUlE i R \ahe fIP GeTs n%liﬁe?'b@%séd)rir?@”m e, a

25 software program or an operating system wherein t software process

may use digitidley ORIk S Ahed Ys, 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 embodiment, computing system 100 may comprise a

15 processor 110, a cache memory 120, and a flash memory 130
coupled 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 100 to
another.

20 Although the scope of the claimed subject matter is not
limited in this respect, processor 110 may comprise, for
example, 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

4



4 WD 03/094004 PCT/ US03/ 12974 exanpl e, data and/or instructions. Cache
menmory 120 quo&hﬁﬁ4 menory 130 may be referred to as storage devices and
may be adapted 10 store information, such as, for exanple, PARIUSAHIIBhs or
data used 5 by an operating systemor a software programthat may be
executed by processor 110. Processor 110 may control cache nenory 120 and
fl ash nmenoeyaiBle, Féat axanp/er pnstessbiodd0 nmay control the transfer of
information within conputing system 100, e.g., between processor 110, cache
menory 120, 10Caqide flhasbryeirdfyaid0flPsbcrssory 11890 magybkei neégratdd (" on-
chip") with cache nenory 120 and flash nmenory 130. In alternate

enbodi ment 59 psosessage 1d8viraysbend dagchetaedapbaponenstorededi cat ed chi p,
wherein processor 110 is external ("off-chip") to cache nenory 120 and
flash menoiyfdbmd80on Si suthar by, tachexaepbey 126tmndtibashopedaty G36dnmay
be di screte conponents external to each other and processor 110. In other
enbodi reent by gnospssat iddOsyByeinnepr fosaf eware NENOYYaBothaol hey Lbaot shown)
to control the transfer of information within conputing system 100. In

al ternat e @ReenbedibenpBocpeEbironsoof phecdsnsti pnal méy ebnarBENBAYhe
controller (not shown) may be inplenented in processor 110 as, for

exanpl e, ams@biyar®o appdi EBhERNme®LY| €30 01 FOUt éRemp CachgroeEBEYr 1200and
flash nenory 130 nmay have different physical properties such as, for
exanpl e, may control the transfer of information within computing
system 100, e.g., between processor 110, cache memory 120,
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 may
be discrete components external to each other and processor
110. In other embodiments, processor 110 may incorporate a
memory contreoller (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.



25 different access tines, storage capacity, power consunption, 'and

vol atile properties. 5 WO 03/094004 PCT/ US03/ 12974 Access tine may refer to-
t he amount WO @3Y0%00kt takes to store information to, or reaplCTAkeyrat4d on
froma nmenory device. As an exanple, cache nenory 120 may be a relatively
faster nmenory device conpared to flash nenory 130, i.e., the 5 access tine

of cache menor yck2@ gy mie rl8s dian the neceastntt i< itle fi@sthpedmiy 130,
al t hough the scope of the"clainmed subject matter is not limted in this

respect. Igtdare i ngheficiRA t £ adie MERP LY EEAthaYorNaemmih aeaRsS, ti me of
| ess than 20 nanoseconds, e.g., approximtely 10 nanoseconds. I0 Fl ash

menory 13QeBychave A drelalanaly), HQWR nR&ReSSs 1hid ®ha s WP ek 1h GAChe
menory 120, of at |east 20 nanoseconds, e.g , approxinately 50

nanosecondsstldt aleh@x@atd%v R @ QS e, SEoPR Of; Lhe glial med

subject matter is not limited inthis respect, cache ‘nmenory 120 my 15

have ag ageessd ieOh %%%Hehmn%@a%s OGS 1@ thAPRRXI &y one

nanosecond. Fl ash nenory 130 nay e atively sl ower access tine

conpar ed tt%%%cgﬁ @%ﬁ]yrrﬂeﬁ%r)pzlg%m ta}?]@%tou%] RGOSR % 1-% 'clai

approxi matel'y 20 nanosecon ough~the scope-o alned“subject

matter is gtk ect' matt%%f ¢ Bk 18sReSk gla‘?:'i’ﬁ_fv-:]m’rré%% ety ﬁ‘e e.g.. the

relatively s menory Sdévice conpar €

storage C%REQH! %tOfc%%%gengﬁggﬂy]égpngﬁyh%%e 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,
€.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.g.,
approximately one nancsecond. Flash memory 130 may have a
relatively slower access time compared to cache memory 120
of at least 10 nanoseconds, e.g., approximately 20
nanoseconds.

20 Although the scope of the claimed subject matter is not
limited in this respect, cache memory 120 may be a
relatively smaller memory device 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, e.g., approximately 16 megabits.

6



| ess than the storage capability of flash nenory 130. For 25 exanple, cache
menory 120 nay have a storage capacity of less than 32 negabits, e.g.,

appr oxi natel"g/g%‘“%abi ts. 6 WD 03/094004 PCT/ US03/ 12974 . 1PEX&SE3/1a8fbry
130 may have a relatively larger storage capacity conpared to cache nenory
120, of at least 32 negabits, e.g., approximtely 256 negabits. As
illustrat étldgh sewenmicd ment hatove, redacierdBMliargdr I2fbr@ye be a
relatively smaller and faster type of nmenory device conpared to flash
menory 13CGayCacihey rempey el ®oreya cheachkendmequant lof agcasses: i od or mati on
fromflash nmenory 130 during operation of conmputing system 100, although
the scope meafadies Claaigrgd aplecimatRilyer 965 MRfadiitd ted in this 10 respect.
As frequently accessed information is requested fromflash nmenory 130, it

may be avail ablzgs iin leaehe tRGRY schr0.e ietntay Aigdwng adahatdadi, | onger
search and fetch in flash nenory 130. Therefore, overall system

perforfanaeo ey bR iaTReqwed vyl yCagliing A4 Rier Falic@lr it facde qmmpmry 120, 15
In sonme enbodi ments, cache nmenory 120 may be a volatil'é nenory sdch as,,

for exanplasvites c@irpa re@N$QMAGGEES SndMFRY 1 3 o SRAM-HY n%n%&i}arﬁfof om
access nenory (DRAI\/pF?i al though the scope of the clainmed subject "@?t er is

Ty be 8 nomol ati T ey CCRang ey 130 ey S0 e e aRAc e
menory W idhz3 ARk thaek bl Rhdute ikl et L 8Y 0, although the scope
of 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 performance
may be improved by caching information 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
volatile 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 memoxy 130 is an electrically
25 progfammable and electrically erasable nonvolatile storage
device and may be a NAND or NOR type flash memory. Flash

7



prevent the nmenory fromlosing its contents when the main power' source is
off. In this enbodinent, flash nenory 130 is an electrically 25

pr ogr ammabl WOLR@9¥0Ect rical | y erasabl e nonvol atil e storage REVUE®/1ANE may
be a NAND or NOR type flash nenory. Flash 7 WD 031094004 PCT/ US03/ 12974
menory 130 may be capable of storing nultiple bits per cell. Flash nenory
130 may i mehody a3oenayy veekhpatilay cE5@tolidthg may tiipdleudd ta Pair aditly. of
menory cells (not shown). Each nenory cell may include a floating gate to
store a chraegk meperg. 136l eetr anglakehal aehorheeltate el i ey may be
determ ned by the absence or presence of electrons or holes on the:

floating gayeinchagh EEEDLYal3@yMeY aef@rinelkude anbuf fdiowhil andcd

prefetch control 180 coupled to each other, nenory cell 10 array 150, and

bus 140. Behber E01mMaxybena1fieel St €ncakidg §heeage ateadaMat Rinhddeash
menory 130 for tenmporarily storing information. Prefetch control” 180 may

contrab preef.et.chienget@bnknber Matlie@n st ehed sit t FEBE ¥ heehdenRiriA%hald@e The
prefetch information may be transferred to buffer 170 and/or “15 cache

menory 12QetkRntibld 89DQAEMBRLerRehet phet@ttobrl8A odisdndt o1k f1ash
menory 130. In alternate enbodi nents, “prefetch control 180 may be externa

to flash gemehy k30atikQr ggxanple, prefetch control 180 may be integrated
with processor 110 or portions of the functionality of prefetch

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 memory 130 for temporarily storing
information. Prefetch control 180 may control prefetching
of information stored in memory cell array 150. The
prefetch information may be transferred to buffer 170 and/or

15 cache memory 120. In this embodiment, prefetch 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
processor 110 or porticons 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 control 180 may be external to
flash memory 130 and physically closer or architecturally
closer to flash memory 130 than processor 110. In

25 addition, in this embodiment, buffer 170 is illustrated as
internal to flash memory 130. In alternate embodiments,

8



20.control 180 may be inplenented in processor 110 as, for exanple, a
software application, nodule, or routine. In other enbodi nents, prefetch
control 180ways/tsoexternal to flash nmenory 130 and physi caPCy/ushbosers or
architecturally closer to flash nmenory 130 than processor 110. In 25
addition, in this enbodinment, buffer 170 is illustrated as internal to

flash menosyeA30.190) dly esdats, anbodidems, & A A3 08494, PCT) USQB/ 12974

buffer 170 may be nay be external to flash nmenory 130 and may be

physi cal | yngG} aSerpiffs AL+ ectiddal | - cdaseicda fdash, dromey d30c1han
processor 110. Alternatively, buffer 170 nmay be may be external to flash

menory  130,afc-peys de: s Phnsicalddr cd pser ore aneh fretpr ablys £l oses to

processor 110 ‘than flash menory 130. During a read operation, a software

process e tyl i r i r i tshat is stored
h@m%%g&%%@ SeESSH 110 e 1%(5 i&g& 28, 1ha

in flas Thi's requeste |H?ornat| n O transferred from

1
a st Orﬁgegﬁ%é%‘loy% I Yo Lol L @Y 120 14 Oﬁ]]%soé&esé&rl%%&?n%%,& r 110

pr ocessin age locations Iin nenory “ce array ave

corresponqhgg1qgﬁ%§§ﬁﬁ$%%ﬁéflﬁ§pessing information in nmenory cell array

150. The Tequest i'on may also be transferred to cache 15 nenory
rlés- f .T?E[ e{)gr ]?b%dhrgiq?g‘ibag :%:a:&:,%gn%xf% RET a1 QN e pfERIES L Ed LY B drat i on
in processor 110 may regquest information that is stored in
flash memory 130. This regquested information 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
accessing information in memory cell array 150. The
requested information may alsoc 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
operation, an address identifying 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 memory
‘ cell array 150 méy be retrieved. The requested information
may be transferred to buffer 170. As 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



120. In order to request information during a read operation, an address
identifying the |ocation of the 20 requested information in nmenory cel
array 150 nawo b¥osdsbansmitted to flash menory 130 from proceBspusdio74and
the requested information at the requested address in nmenory cell array
150 may be retrieved. The requested information may be transferred to

buffer 1705;As ag,&x@mp! §pefhi DONOBE 20rdher SEPDR 0254 hei e abfred subj ect
matter is not fimted in  this respect, the requested information may be

256 bits iﬂnQ%gégagﬁég%f&ﬂiﬁ LES03L 12974 81 2850 and hheropei abi @ay Of

transferring its o ormation fro mnenory cell array 150 to buffer

170 may t kg, apgs QXLARLEL Y1 D NERPCC! OFKCRYE) EFes| N LI 610X aBRLRp1 DU 40

may be a 6 and efore, transferring 256 5 bits of information

from buffer,17 ith h Kk
rom butt ef é rﬁ%\tﬂ"bg'é g4 -57E Bu T hY tﬁgP?géer Oéﬁéﬁé’feﬂﬁ’?gfiyséa e

approxinateﬁ r ¢l oc cycles. "Accordingly, 1n this exanp

transl g 11 B9;l OEOLNRLLQNC LLATHIBHOLYcpELl 1367y 50nLp ELLhErnepobe

menory 120 0F ™ processor ake appr oxi matel y seven clock ¢

o ough L0, scong ol cLig. o) o Syl eoLop pBLLGE, LSy el st n Th

respect. A on o?aﬁre g may inctude retrieving

i nf ti f N 0 ' : th
| nf or mat i ONYBYSR” SOPCTRFA: Brbgect oxBba Fhgreid e pRRbERkig110 “mhe

prefetchlngngg¥mg§igns ggglgg%ggy cell array 150 to either cache

memory 120 or processor 110 may take approximately seven
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 speculative
operation and the nonreguested 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

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

10



operation and the nonrequested information may never be requested. The
nonr equest e 'Qg‘/orﬂ)ati on may be transferred to buffer 170 and/ or cache
menory 120. HdMequested information identified by the BFEVEXRI
operation may be 20 referred to as prefetch information. Prefetching of
information may inprove system performance. For exanple, in the enbodi nent
i |l ustrat eceduihed giutinmst esubSREPSEE: Bienworyf davegsrandni £ durisg or
after a read operation of the 256 bits of requested 25 infornation,
nonr equest&oE Gy e i on anesyd b oy efffetieeitbanid’ 0 ptatder ithduf frermamory | f
the prefetch information is 10 WO 03/ 094004 PCT/ US03/ 12974 requested during
a subsequertlremmoray dco®sstlzam tife tohisfetqlf drfainmat don avey |edbl e in buffer
170 rather than in nmenory cell array 150, then the prefetch information
may be tramsisrewtqd ¢ eidhsreprmoessoyord 110l Oro achdigremongri 224 nim
t'otal of four clock cycles rather than seven clock cycles. In this
exanpl g, ttetainountfofr teheck ooadiess sratter itifar mavieon drark fdashesenory
130 is reduced, thereby increasing overall processing speed of conputing
syst em 100in |thioy derantml ¢ dertie famamidetfertmime twhisctrasad arhmation to 10
prefetch, many prefetching algorithnms nmay be used. For exanple,
nonr equestiodt dxfiaorinat | foromell dh intkertdyf | 163D hias etk dured ocdtembwf request ed
information in flash menory 130. In this exanple, nonrequested infornmation
| ocat ed neardneaming owdiwoskl prodadding eeed).qf atjraaningrsyeodmn MUDUS t 0)
t he

In order to identify or determine which information to

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 examine the requested

20 information 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
instruction that includes a conditional branch, then the

11



15. requested informati on may be prefetched. In other enbodi nents, the
nonrequested information may be identified based on the characteristics or-
attri but es wh o3toh@or equested i nformation. As an exanpl e, prEFEWS/1290 or
prefetch control 180 may be adapted to exami ne the requested 20
information and determne if, for exanple, the requested information

conpr i ses dataurfirdm sticu tClriagie ha kd da ejsgnmagd thee $5e feltlcHelde 1 equesi@ther
information is a junp instruction, then the nonrequested informtion at
the junp addimgie,ndyY heepreiekchted firdormamioy @l b areachl 2 taudgf fer

170. As 25 another exanple, if the requested information is an

i nstructi dmstthaictiesl ¢tes dce@neicti dmall udeareh abisham tiehedil-a42 03184004
PCT/ US03/ 12974 data fromthe branch address nay be prefetched. |n another

exanpl e, igretfhe dhequesied 1@omaBt namiphlatlkr @Reh ;e Had® (d gl r uedd on t hat
does not include an absolute address, then prefetch control 180 may

mani pubat et e faddr 89S neekd som@d®i% san tof heelk rafi nEBskeS BRI tO
determ ne the absolute address of the nonrequested data. Since junp

instructi eERirsRYy JFe thief heneRbukert «di Hherent stivipes jRkpPHeEeSS M iSiony ef et ch
control 180 nmay be adapted to interpret junp instructions of different

famlies @hyPrRCasFeesentO bt SQHe o@bedicBRLS o PEebebehicis | MY f@tdn

from nenory cell array 150 may be enabl ed or disabl ed. For éxanpl e,

processor «bh@ r¥RY 180aRSH bed aBagtelch celakkepsedN3dimp instructions 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 a prefetch enable signal
to prefetch control 180 to enable prefetching in flash
memory 130. In this example, prefetch control 180 is

15  responsive to the prefetch enable signal that may be
asserted by processor 110 to enable prefetching in flash
memory 130. Disabling the prefetching 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, prefetch control 180 and/or processor 110 may

25 include circuitry, software, or a combination of circuitry
and scftware to implement the method described in FIG. 2.

12



to prefetch control 180 to enable prefetching in flash nenory 130. In this
exanpl e, pref tgh control 180 is 15 responsive to the prefetch enable
signal that QIWéomasserted by processor 110 to enabl e pref EAHISN 13974
flash nenory 130. Disabling the prefetching resources in conputing system
100 may reduce power consunption of conputing system 100. 20 Turning to
FIG 2, ambthiplpdoie olndividual iaftorons ioh métrhet ch?@lance with an
enbodi ment  of the clainmed subject matter is described. This nethod nmay be
i || ustrat et Wsthratasd axnch e 3@r enth s repmas e Q0§18 G odg . ok nmepae
enbodi ments, prefetch control 180 and/or processor 110 may 25 include
circuit ry,ogotflwvalrf@l\blrdleﬁlco?rﬁﬁms gy fbeipenfdrnyed achcoftaat 2yt and
i mpl enent the method described in FIG 2. 12 WO 03/094004 PCT/ US03/ 12974 u
Al t hough tHee i $RARE dfalthetdlorionat guitimrt 200 tere id Inatst atedednto
described as separate actions, one or nore of the individual actions may
be per Por msriwning ditdse amprationstdpe wWie thelat ailedsebiegt mtter is
not limted to 5 perform ng these operations in the order illustrated. This
embodi ment may BeEg renkadi miatte msynibey whetitdr dex eremiabirey priedehehi g of
information fromnenory cell array 150 in flash nenory 130 (bl ock 210).
Thi s det ersfiaiitd amyafet disngrede irgwethaon @r edetne menad, krovl esdgeswf14dhe
menory 10 accesses. For exanple, a system designer or software

in flash memory 130 (block 210). This determination may be

made based on predetermined knowledge of the memory
10 accesses. For example, a system designer or software

programmer may know that a group of memory accesses is

related, e.g., a system designer may know that blocks of

data are stored sequentially in memory cell array 150.

Therefore, in this example, a system designer may 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

processor 110. This read operation may include requesting
20 information from 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



programer may know that a group of nenory accesses is related, e.g., a
system desi gner nmay know that bl ocks of data are stored sequentially in
menory cel lwarogs@avswdb0. Therefore, in this exanple, a systemazgiogney’4+nay
choose to 15 enabl e prefetching of nonrequested information that is

| ocated in close proximty to the requested information. The nethod

i1 lTustrat edqsi/BFhG 2 MRY mehehyda >3 read operation perforned by a software
process executing in processof 110. This read operation may include

requesting 20 ghRfrQk By nm%&°@dH§¥ﬂ%é“%H@Hﬁ1¥§q gb s tua
transmtting a request addreSs to flash nenory 13 mhereln t he request

address cquigeshonds,t q-d hegsher aga J eaalionsof i heomauestar idf o mati on

in menory ceII array The™ read operation may further include

transferri ?1% tl@ﬁi 2(%10%%1%%3%0' | RO Ao ifteinfear, Lekdealdyomed b

transferrin e requested’information frombuffer 170 to processor 110 13

WO 03/994( 3’ent. B LEFEABRAIN o, (ARG IBRMIenkAy el et Ching MRy

conprise i yi ng nonrequested Information in menory cell array 150 if

prefetchi 91%51 #fu%%@deqn(f@r?r%lﬁl%ép)loé ﬁ;r{% e TRN Sy dddeity) foding 5

nonr equeste or mati on may conprlse I tifying nonrequested i nformation

'rgcat ed '%&aiyeqlﬁnbg e'@&;%r ¥ eyl ocaacrlrcﬁ'%/ PG Rased Uy dhe | ocation of the
guest ed ormati on exanp ) et chi ng nay conprise identifying
nhonr eques'[l%c%olr@r{ca ri%%[.' Orﬁolro%%a%laeql %ﬁe&%ﬁ%e may comprise
identifying nonrequested information located adjacent to the
10 requesfed information. 1In alternate embodiments,
identifying nonregquested 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 of 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 request address to flash
memory 130. Prefetch control 180 may compare the request
address tc 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., 1is equal to or approximately equal to),

14



10. requested information. In alternate enbodi ments, identifying

nonr equested informati on may conprise identifying nonrequested information
| ocated in ¥GB§'¥¥iof nmenory cell array 150 based on the cheF&aS3&R2PB i c
of the requested information. During or after identifying of the 15
prefetch information, the address of the prefetch information in nmenory
cel | arraynli%0 Mgy bee reifere@ddand my a beredeechetito "as Qdrergrseflat.chi £
address. The nonrequested information nay be transferred to buffer 170

from nenorhec eldqistay balire240)andThtepiafedietich 2@dopersatdoomaimyndiech,
foll owed by a subsequent read operation that may include transmtting a

rMequest adgyigs a0 Hd asiferis 30.a Prafedctiticatits=al” 180 may conpare the
request address to the prefetch address. During a request to retrieve

information fram fhashmmaty dRi@ss Hatohga theag 2T et alddmss,if the
request ed address and the prefetch address match (e.g., is equal to or

appr oxgnati@lan §Hede @) .okt 10 OH DI04 REI/USEINEIRling of hilse may be
referred to as a "prefetch hit." Conversely, if the requested address and

the pref et AAAIAS i RfudBRid or T RN he fictheivieth tfr@s wuffuef et ch
mss." If the requést address matches the prefetch address,
170 to processor 110 {block 250). In some embodiments, the
prefetch information may also be transmitted to cache memory
120. If the request address does not match the prefetch
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).
Bfficiency 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 may be free to handle other transfers of
. information.
While certain features of the invention have been
25 illustrated and described herein, many modifications,
substitutions, changes, and equivalents will now occur to

15



5 then prefetch control 180 may enable transferring of the previously
nonr equested or prefetch information frombuffer 170 to processor 110
(bl ock 250)wdwngemwe enbodi nents, the prefetch infornation mEyusizgastie
transmtted to cache nenory 120. If the request address does not match the
prefetch 10 address, then prefetch control 180 may prevent transferring of

t he nonr ecgi,gjg Winflrgmat enf rem buffer; 5170 HeG-f0@ESIQ bel10. The
nonr equest e ﬁﬁ%ﬁﬁh&tlon nayebg removed from buffer 170 if there is a

prefetch nj3g 1(55%9:@ 28Q) e Hfiearen ofl Lo uhiag risiam ¥ dayebe
i nproved by 1 y transferrlng prefetch information frombuffer 170 if

there is / i , VeAnd witasiauraes wses to
transfer prgfe%&ﬂ%l n orfﬁcﬁ%ﬁﬁ%f&%ag%@l%sgto ei ther processor 110 or
cache rrem) 20 J@ eifrﬁ%ﬁ:ﬁlo d. Therefore, by only transferring
prefetch OI’ITB.tIOI’l rombuffer 170 if there is a prefetch hit, the
power onsurrptl on of conputing system 100 may be reduced and bus 140 may
be free to handle other transfers of information. Wile certain features
of the invention have been 25 illustrated and described herein, nmany

nodi fications, substitutions, changes, and equivalents wll now occur to
15 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

16



all such.nodifications and changes as fall within the true spirit of the
invention. 5 16 WO 03/094004 PCT/ US03/12974 Cainms 1. A method,

conpri si ng: Ve8I prefetching in a flash nenory; and i derCirfusoange74
nonrequested information in the flash 5 nmenory if prefetching is enabl ed.
2. The nethod of claim1l1, wherein enabling prefetching in a flash nenory
conprises transtigimag a prefetch signal to the flash nmenory. 10 3. The
met hod of claim1, further conprising: transferring requested infornmation
fromthe flash nenory, metese) nedherieouested information is located in a
first region of the flash nenory; and 15 wherein identifying further
conpri ses i dentédathinhg nors eepesiey 1nformddwmdmoa, sesead region of the
flash nenory based on the | ocation of the requested information. 4. The
met hod of cl ai M@nmhBFaid heterddded s fiHddeRat 20, coprhses hdgnti fyi ng
nonrequested information | ocated adjacent to the first region of the flash
menor y Sanduatherei it giher seaond ragi ki seqfdj acent to the first region. 1 w

2. The method of claim 1, wherein enabling
prefetching in a flash memory comprises transmitting a

prefetch signal to the flash memory.

10
3. The method of claim 1, further comprising:
transferring requested information from the flash
memory, wherein the requested information is located in a
first region of the flash memory; and
15 wherein identifying further comprises identifying

nonrequested information in a second region of the flash

memory based on the location of the requested information.

4. The method of claim 3, wherein identifying further
20 comprises identifying nonrequested information located
adjacent to the first region of the flash memory and wherein

the second region is adjacent to the first region.

17



17 WD 03/094004 PCT/ US03/12974 5. The nethod of claim11, further
conprising: transferring requested information fromthe flash nenory; and-
wher ei n i deMQ $3/%ep+f urt her conprises identifying 5 nonrequeBCBEHS03/12974
information located in the flash nmenory based on a characteristic of the
requested information. 6. The nethod of claim5, further conprising:
determning if 3he rEguesttdtbd doOradimmn cobprtlses @ondfrjsimgt nstructi on
and a junp address; and wherein identifying nonrequested information
further conpritsesndtentidey i negyuost e uest @tha hf @t htdrn:hasetasm the junp
address. 15 7. The nethod of claim1, wherein prefetching conprises

t ransf err imgndhe; nond equested information to a buffer in the flash nenory.
8. The method of claim1l, wherein prefetching 20 conprises transferring the

nonr equest ed i nilpFredn aridnonditey fibastemareiprisesa sdaiaoey deyi ce having
an access tinme less than an access tine of the flash nenory. 9. The net hod

of cl abm &omhenedstdde miefeiciimd o2 ddiriherhs My 41 efem@ePsatdag a
prefetch address based on the location of 18 WD 03/094004 PCT/ US03/ 12974

the nonr egitest ethd rddwmildtort id¥ the: flagle I Miformation.

6. The method of claim 5, further comprising:
determining if the requested information comprises a
10 jump instruction and a jump address; and
wherein identifying nonrequested information further
comprises identifying nonrequested information based on the

jump address.

15 7. The method of claim 1, wherein prefetching
comprises transferring the nonrequested information to a

buffer in the flash memory.

8. The method of claim 1, wherein prefetching
20 comprises transferring the nonregquested information from the
flash memory to a storage device having an access time less

than an access time of the flash memory.

9. The method of claim 8, wherein the prefetching
25 further comprises:
generating a prefetch address based on the location of

18



receiving a request address; conparing the request address to the prefetch
address; f. 41 and 5 wherein transferring conprises transferring the

nenr equest edvOsOH®Rt i on fromthe flash nenory to a storage pdavisogiivayi ng
an access tinme |less than an access tine of the flash nmenory if the
prefetch address is equal to the request address. 10 10. An article

conpri si NgtReshefagqueBdedNM HaviRgr i5hok Adt hEBEFEQBhI AEMbYGLT Ons, that, when
executed by a conputing platform result in: enabling prefetching in a

flash nmenmory; apdcddvidgnii frhngsponnagdested information in the flash
menory if prefetching is enabled. 11. The article of claim 10, wherein the

instructions, wbRPaex§UERE, rEHLEREr akasHELE £8: tBO prarstehr bAareaguest ed
information fromthe flash nenory, wherein the requested information is

| ocated inzgq first region of the flash nenory; and wherein identifying
farther conprises identifying nonrequested information in a second region

of the glash 25nEREPAY:L based-opibhechapation ofahbeeteaugstad i nformation.
19 WO 03/094004 PCT/ US03/ 12974

nonrequested information from the flash memory to a storage
device having an access time less than an access time of the
flash memory if the prefetch address is equal to the request
address.
10
10. An article comprising a storage medium having
stored thereon instructions, that, when executed by a
computing platform, result in:
enabling prefetching in a flash memory; and
15 identifying nonrequested information in the flash

memory if prefetching is enabled.

11. The article of claim 10, wherein the instructions,
when executed, further result in:

20 transferring requested information from the flash
memory, wherein the requested information is located in a
first region of the flash memory; and

; wherein identifying further comprises identifying
nonrequested information in a second region of the flash

25 memory based on the location of the requested information.
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12. A nonvol atile storage device including a floating gate to store a
charge, conprising: a prefetch control responsive to a prefetch enable

si gnal and adagps/edoeso prefetch nonrequested i nfornmation frompco udng12974
nonvol atil e storage device if the prefetch enable signal is asserted. 13.
The nonvol atil e storage device of claim12, further conprising a buffer to

store the nonreggest gdndRvbnher mat b@@ra@@eﬁé\\rﬂcé henopnaegyest €dobRfiaymati on
is transferred froma location in the nonvolatile storage device to the

buf f er durgggeoangggfeagsghgfgg oftohpeisphgtetch signal. 15 14. A system
conprising: a processor adapte to assert a prefetch enable signal; and a

flash menory exkebﬂékekehtEén959§e§§§FoﬁB§v€OH8|deréﬁétEﬁCEhﬁbﬂ@ t he
prefetch enabl e signal, wherein the fTash 20 nenory conprises a prefetch

control ad%@%ﬁgltgner%sﬁ)ead EQ%?QE@@EEdanE@gﬂ@étea !Lﬂfblj}ﬁlaf:ll@)%h £RRBRDT Y
if the prefefc enabl e signal is asserted a volatile nenory coupl ed

to the!f'a%He”HHHQMla@§1é5st$9§?éY§E€Hb8f1@'@h@1§ﬁeféﬁéhebﬁabﬁ% Ewgﬁﬂl
menory further conprises a er to store the nonrequested

03/094004 PCTLUSQ3LL4974 if information, wherein the nonrequested
information is

13. The nonvolatile storage device of claim 12,

further comprising a buffer to store the nonrequested

10 information, wherein the nonrequested information is
transferred from a location in the nonvolatile storage
device to the buffer during or after asserting of the

prefetch signal.

15 14. A system, comprising:
a processor adapted to assert a prefetch enable signal;
and
a flash memory external to the processor and coupled
for receiving the prefetch enabie signal, wherein the flash
20 memory comprises a prefetch control adapted to prefetch
nonrequested information in the flash memory if the prefetch
enable signal is asserted; and

a volatile memory coupled to the flash memory.

25 15. The system of claim 14, wherein the flash memory
further comprises a buffer to store the nonrequested

20



transferred froma location in the nonvolatile storage device to the
buffer during or after asserting of the prefetch signal. 5 16. The system
ckaim 14, w¥PE&pHe prefetch control is adapted to conpar eca/vwsussh
address fromthe processor to the address of the nonrequested information
in flash nenory. 10 17. The system of claim 16, wherein the prefetch
control enahFesmitamsf exhefeiRecRONAEAHEGLEE af DR ABLNARichr @8 t he fl ash
menory to the processor if the request address is equal to the address of
the nonrequeshetle#bed Nf 66B4 1 DBcalion in the nonvolatile storage

~

device to the buffer during or after asserting of the

prefetch signal.

5
16. The system claim 14, wherein the prefetch control
is adapted to compare a request address from the processor
to the address of the nonrequested information in flash
Mmemory .
10

17. The system of claim 16, wherein the prefetch
control enables transfer of the nonrequested information
from the flash memory to the processor if the request

address is equal to the address of the nonrequested

15 information.
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