OPTI M ZI NG WRI TE AND VVEAR PERFORMANCE FOR A MEMORY
Background [ 0001] Menory device have many trade offs.
Menory which is fast may be expensive. Menory which is
sl ow may be inexpensive. As the nenory denmands of
nodem appl i cati ons exceed the physical capacity of
custoner systens, paging operations to the hard drive
qui ckly make the system and applications appear sl ow
and unresponsive, particularly when sw tching between
tasks or users. In an ideal conputer, all the nenory
mould be as.&ﬁst as o033|ble but suchc? co outer

there are sone appli cat| ong wher.e cheap, Iong term

storage is all that is M2SE8PUs 5 result, conputers
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t hought the data has beegifigat ed to be sent to

| oner speed nenory. Draw ngs Jr 003] Fig. 1 is a block
[000Z]i awe&mmﬁngaamm 1he §deay siteon xh&abryrfa}se Wﬁiféiréd 'frem high speed
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longer life for the low speed memory. For example, some flash memory devices have

memory write sizes that minimize the number of erases and writes to the flash memory.
Other low speed memory devices may have ideal write sizes that enable large blocks on the
low speed memory to store contiguous data. In addition, data may be accessed in fast

memory even thought the data has been indicated to be sent to lower speed memory.
Drawings
[0003] Fig. 1 is a block diagram of a computing system that may-operate in accordance
with the claims; and
[0004] Fig. 2 is a diagram of a method in accordance with the claims.
Description

[0005] Although the following text sets forth a detailed description of numerous different
embodiments, it should be understood that the legal scope of the description is defined by the
words of the claims set forth at the end of this patent. The detailed description is to be
construed as exemplary only and does not describe every possible embodiment since

describing every possible embodiment would be impractical, if not impossible. Numerous
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Description [0005] Although the follow ng text sets
forth a detail ed description of nunmerous different
enbodi ments, it should be understood that the |ega
scope of the description is defined by the words of
the clains set forth at the end of this patent The
detail ed description is to be construed as exenpl ary
only and does not describe every possi bl e enbodi ment
since describing every possible enbodi nrent woul d be
inmpractical, if not inpossible. Nunerous alternative
enbodi nents coul d be i npl enented, using either current
altertatict ambodjmeots coekd redinpipmaitade hsipg ditler tcetreltthe:linplqgm or
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scopeiofitbe skaoos that unless a term | S expressly defl ned in
this patent using the sentence "As used herein, the
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patent is referred to in thi's patent_ in a manner
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be s&fﬁ@ﬁ%xeﬁ’se%xﬂi(‘ﬁlle - r ?fg}%k Bfthe \éﬁﬁrﬁgﬁmlude %ut are not limited to,
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[ 0009] The steps of the clainmed nethod and apparat us
may be described in the general context of
comput er - execut abl e i nstructions, such as program
nodul es, being executed by a conputer. Cenerally,
program nodul es i nclude routines, prograns, objects,
conponents, data structures, etc. that perform
particul ar tasks or inplenent particular abstract data
types. The nethods and apparatus may al so be practiced
in distributed conmputing environnents where tasks are
perfornmed by renpte processing devices that are |inked
compiukaro Ggherally,qgrogramcmodulessinelodswnukines, progratis; ©bjebtst exnponents,
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100131 The conputer 110 may al so include ot her
r enovabl e/ non-renovabl e, volatil e/ nonvol atil e conputer
storage nedia. By way of exanple only, Fig. 1
illustrates a hard disk drive 140 that reads from or
wites to non-renovabl e, nonvolatile nagnetic nedia, a
magnetic disk drive 151 that reads fromor wites to a
renovabl e, nonvol atile magnetic disk 152, and an
optical disk drive 155 that reads fromor wites to a
renovabl e, nonvol atile optical disk 156 such as a CD
ROM or other optical nedia_ O her
informatio bthe sigoal- Mynwenbf exampld, and het/ lnmtatmhatommunbatimt reedia
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exa drive I I lustrated as Storing
applﬁmrpmyéﬁetﬁmmogramewﬁ 1&6 srdoprpenem dats 135t her

rogram nodul es 146, and program data 147. Note that
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135, oth pr ogr.am nodul es 1 ram
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volafg ool R GO TpHe: Biprate A g o8 P ElInthe Serspliy pogreting
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155 ae gpicallytconhatal tarthe Bystens busull byasrensivalile asensorp dntedfdce| such as
. [ game port or a universal serial bus (USB). A
mte‘?a% tls?or 191 or other type of display device is al so
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one or nore renote conput ers, such r enot
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and POESA\@ta @W@b&aunesﬁt&y 44, a a;gtteatxsﬁ p rdifed yx@" btefpro@ram

peer device or other ‘conmon ne ode

modf!&fr‘f) i1 46 2ng Progeamdete Iidipye sivendiffermmt pppbers bﬁ’@ﬁ? dllustrate that, at a
descri bed above rélative tg the conputer 110, although
only a nenory storage device 181 has been illustrated
in Fig. 1. The |l ogical connections depicted in Fig. |
include a local area network (LAN) 171 and a wi de area
netmork (WAN) 173 but _may also |nclude other
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5 trade offs. Menory which is fast may be expensi ve.
Menory which is slow nay be inexpensive. In an idea
computer, all the nmenory woul d be as fast as possibl e,
but such a conputer would be too expensive for a
majority of uses. In addition, there are sone
applications where cheap, long termstorage is al

that is needed. As a result, conputers have a variety
of menory fromultra fast nmenory close to the
processor to slower nenory such as di sk based nenory.
In addition, conputers have the ability to add nore

mmu? 0, el fm%rcﬁﬁ‘érehy RpiesOfA GRIBIAY eftsf BordahR® drdthforhatich mto the
drives 140 and fl ash menory devi ces of tq?

acC
. comm&r.%)ééroa&@@pr:}ésiﬁrvm%ﬁwabeasmywaﬁ 163, a?‘iefe'@w%ﬁ?‘ege
commbil§ RefBRod 1%s EBbFe Z@zibkbﬁl@@rlt%hcl-ﬁﬂa"d emamhpm cferaféb (not shown)

menory 152 is made hi two c

S
may ReNS® ITBIIOPEOR 4 SHE BRI PoR TSt R 7855, 05th W of hese and
otherGRItASTcS A€ ofta%&hdey@a% @ procRSing BUIP120 aaaﬁxgmdxser input

V\Bar t after man rase operation
interfge, S0, at 1 COVHIER FoutiF REFHGI P BREEY DS Poleaie by Clfez ffgrface and
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52 t
191 aps bR SUPE0Y lrpl et is e EORABLiPLd (A Sy Stam by 1 2L Viagyperace,
suchfab aslded @eﬂﬁfﬁﬁlf% MR Yd 4R tcodié m’iafnit&f ﬁamﬁﬁl@rét}ﬁﬁ)y aléd ihclude other
limtation o menor ou
pecinpgty EbMGlEYRgs NP SRTRERT 197 BOY ERBIET Lo, P Op poppected
through ad ougpud peripheesd sisteffachioon, it nust be erased a

. "block™ at a tine. Starting with a freshly erased
[00158] oThe camputey 1 £0 niawmparatmata rbtvmrked:mvmqu@nb@ing'rhgtd:al

connegHOr %50 one I'CISOL%I‘ fbt%t %%up E ok er. éega%gﬁtel“gp femote

anged agai n unt e en |re
compmcrdzsnenbn ke aapdrsnmll chmsputely; B servdr} 6 xodteraa Inetverk P93 4 péeri device or

other cog]:rltg&g neI 0 O{khrg?de %ﬂ%ggli gach.lg% wg{ %P{)ﬁ‘ tﬁlle Wf c{egcnbed
above mq:tbteve toftheectm}mtw i 10¢althougle snly[a00&8éryl snoragméavmtemldms been
illus{rQ;:?d ﬁll ﬁg’nle S"fheolfo R?Fco%é&%ng %ié‘lxgtem F e1 ﬂlchﬂfét ol%cil [rea network
deter F exa ﬂ i“F
(LANhEHleandsa mdg méaa negwerkdVWeANR 818, butway elqg m@;ﬁetcuh@eletwmks Such
netw@ﬁ&ﬁ%érﬁmfom% {s Qe %&duﬂg yﬁ? ifl oBfces %‘ﬁ?ﬂgﬁé&-&ld&'c@h{p&&g networks,

unber o maxi m zi ng the size o
1nﬁa@ﬁ$and@wﬁﬁwmwttten Sinmilarly, in sone storage

evices, repeated snall saves can result in data being
(001§br SWBeunedan o AN nefwosking sedroameph ghe qammtertidy iy eanpested to

the AN 190886y %lﬁ@get%ﬂﬁﬁuérﬁ@@ of édabfé? 1@t Wﬁéﬁ 2séd REWAN networking
cont| uously as he result of fewer, |arger

envipest ﬂmoammr.ldﬂ tmlf?élmmltl@ww@nhﬁzﬁ B"ec’%ml?@s &or
estaBli3Bing k@ﬁﬁﬁﬁwanaﬁ’éjmﬁ&' e W AN IES s@éh 4 BOIER6E Sﬁférmodem 172,
may nmake sense to save | ess frequently w.th
Whlql}“sn‘ %’e‘?e lgie&raé ge externgl may hesoungoied g dhy ¢ SYSWFbP\‘Fal?é via the user input
mtermgaeib o?%ﬂﬁr] apmplgaa infech&hidiar th ﬂﬁétwefkea:bamtr%&néﬂt EprOgram
spee meno ver | e (0] e
modpfes Eepmeg Frgg}lweﬁv &Pwr@%%rlfl gtipns;therggt: may tbﬁ étored in the

remdty fie@ivry\stbiage devict. "By My G f ekl dpl&,”e&dtrﬂt HER@E6n tfhg: 1 illustrates
|

rem%ggl@%cﬁc!?rggrﬁtgﬁ a]l%g ats I;ees: aé gn me?nl%r):!' gvxgen 98 ll Le appreciated

that the network connections shown are exemplary and other means of estabhshmg a

communications link between the computers may be used.

[0017] Fig. 2 may illustrate a method of efficiently storing data where there is a plurality of
data storage devices with a hierarchy of data storage speeds. Memory device have many
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at least 10 mlliseconds on nost drives, which is a

long tinme in the conputer world and nay really sl ow

down performance as the systemwaits for the hard

di sk. [0021] When hi gh speed nenory is avail abl e such

as RAM 132 (also referred to as wite caching

enabl ed), when the system sends a wite to the hard

di sk 140, the logic circuit records the wite inits

much faster cache or high speed nenory 132, and then

I medi atel y sends back an acknomﬂedgenent to the
rati ng system saying, in essence, "finished.'

e he
trade ofis MspmaHh P Iag/A e SH" E38Y CEISERETEP S0 DRI Wf*hﬁ&!omwﬁg
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execute over one mllion instructions in a
mllisecond. Even small reductions in seek tinmes can
result in inprovenents in everall system performance,
because the rest of the systemis often waiting for
the hard di sk 140.




[0027] The hard disk 140 platters are spinning around
at high speed, and the spin speed nay not be
synchroni zed to the process that noves the read/wite
heads to the correct cylinder on a random access on
the hard disk 140. Therefore, at the tinme that the
heads arrive at the correct cylinder, the actua
sector that is needed may be anywhere. After the
actuator assenbly has conpleted its seek to the
correct track, the drive 140 may wait for the correct
sector to cone around to where the read/wite heads
at leasi 1@ nhitlisat@uls ommast diives, Whichdd # bagtimiesinahe cdrapusercyorild and may
really%iorvﬁﬁéw Pgl?{nﬂﬁgc the P tei '\\Ql% Eor%géeﬁzﬂ'd %iskt h e drive and

uence y by t rive"s spindle
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or the particular device Is stored in the high speed
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g %; menory 140 al so in _hi gh speed nennr ﬁ% Q% t he
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140 i s backed up on an additional |ow speed storage

device 140. In sone instanges, a user or a program may

instruct that data be stored on a | ow speed storage

devi ce 140. The nethod may wait for an optinmal anount

of data before witing to the | ow speed nmenory. In the
nmean tlne the Iom13peed nenory such as a flash menory
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witten fromthe high speed nenory 132 to the | ow
speed nenory device 152. At bl ock 240, the user may be
presented the option to wite the data fromthe high
speed nenory 132 to the | ow speed nenory 152 before
the | ow speed nenory device is renoved. At bl ock 245;
the nmethod may wait until a period of | ow system
activity to wite to the | ow speed storage devi ce.
[0032] As an exanple, the user or nethod may indicate
that a word processing file is to be stored on a flash
menory 152. The nethod may wait for enough data to
[00261]at Seckt time dphonmlly\ekptessed i millis¢cohd s@bmpeemby sbbi&Aated "msec” or
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block B&S5,rthe¢ hmthqdnya)edtw thsdata nﬂnglakpes(i nfemory t1B2 uhtlit sspfadize that is
app%#@%@g%%érj Séé( go%l]péégtic%ﬁgar%ﬁog Cgr%:dgg'%et R@ dggcgfgé 'b?e%&’gsw fhe preferred
amotuitef detalmay yeary bytalewiced Fer exhmpled ﬂmqixsfemda W@Swmam be a multiple
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storedlefratherdiangmyliipleerniwife aparationils Adibldck 22t once an appropriate Write
. enbodi nents, it shoul d begunderstood that the scope
of the patent is defined by the words of the clains
set forth at the end of this patent. The detail ed
description is to be construed as exenplary only and
does not descrlbe every p033|ble enbodlnent because



devel oped after the filing date of this patent, which
woul d still fall within the scope of the clains.
10038] Thus, many nodifications and variations may be
made in the techni ques and structures descri bed and
illustrated herein wthout departing fromthe spirit
and scope of the present clains. Accordingly, it
shoul d be understood that the nethods and apparat us
descri bed herein are illustrative only and are not
limting upon the scope of the clains. CLA M5
1. An nethod of efficiently storing data where there
size dflata fot the paiticyladdeviat i stdred mgrhe Highispesl membryadevice 132, the data

my B T RisSlo R AR RPoC 0, OB 0: recel ViTg
1003617} A3 ook 225, 149 efod B Pkded e Gl R Gkl ERARK 120 wnti o
detergnination & madd et the datamoriongsk isceeded in highosnead storagei1§2. For
exanifes if 5 %ehMas 208 R AU 135, i 05 noSRE AL Haleth A9%kH Gata that has
already been written to low speed memory 140 also in high speed memory 132, As the data
has already been stored in low speed memory 140, it may not be needed in high speed

memory 132, but it may be kept there anyway as a convenience to the user.

[0031] At block 230, the method of claim 1, wherein the data to be written to the low
speed storage device 140 is backed up on an additional low speed storage device 140. In
some instances, a user or a program may instruct tﬂat data be stored on a low speed storage
device 140. The method may wait for an optimal amount of data before writing to the low
speed memory. In the mean time, the low speed memory such as a flash memory unit 152
may be removed from the system. In these cases, it may be beneficial to have a back-up of
the data in an additional low speed storage device. The data may be moved from the high
speed memory 132 to an additional memory that is lower speed that the high speed memory
132 but higher speed than the low speed memory. At block 235, the method may warn a user
that the data has yet to be written to the low speed memory device such as the flash 152 when
a low speed memory device has been removed from the system before the data has been
written from the high speed memory 132 to the low speed memory device 152. At block 240,
the user may be presented the option to write the data from the high speed memory 132 to the
low speed memory 152 before the low speed memory device is removed. At block 245, the

method may wait until a period of low system activity to write to the low speed storage
device.

[0032] As an example, the user or method may indicate that a word processing file is to be
stored on a flash memory 152. The method may wait for enough data to match the optimal
write size for flash memory 152 so the data may not be written to the flash memory 152
immediately if the size of the word processing file is less than the size of the optimal write
size. If the flash is removed 152, the user may be warned that the data has yet to be written to
the flash memory 152. In addition, the data may be already backed up in a “medium” speed

storage device and this backup may be used to keep the data from being overwritten while in
the high speed storage device 132.



storing the data in high speed nenory until it is of a
size that is appropriate wite size for a particul ar
storage device; and once an appropriate wite
size of data for the particular device is stored in

t he hi gh speed nenory device, witing the data to the
| oner speed devi ce. 2. The nmethod of claim1l
further conprising keeping the data in high speed
storage until a determination is made that the data no
| onger is needed in high speed storage. 3. The
met hod of claim1l1, wherein the data to be witten to

[0033] heAt B1écIs RS, dhSinethdd tnad it hfizel the Bt ke thehiglDépedd memory 132

ddjti onal | ow speedq stora device.__ . 4, The.,
such GYHE oS b IO DCoqmATHIeK LS o8 cisient Tbg Pgbiration can be
as sinfpl@&d reairQigh@ethd AuiaGR the high speed mehitRy 182 ROt @ntighéussuéh that a
é\heéﬁlp t he erlte sy is the ‘frase |l ock size of the
transiey todpe low speed memory, ¥ BEPCEFC PP THIFC Ny t her
0 | Si jtin ntil er.i od. of | ow system
100341y RE bk S5 1o My ool Bis Sots5n et ek YRdsiRuamory 13210
deternfine Thanynafithe data hacherh replacetl withhewes data ibefore thevdakanis vgitn to
user that th a has to be,witten to the. aw,.
the loF52ked Rginory P4 a0 291" toe Bodh et e e i in B4 igh speed
memm_eaz tedeivmmging whmhphmysgfshedatbefmwritth?todhe bwWiggeed aemory 140
is dup‘sﬁ%'éttggﬁﬂae %e%gi]nt e\‘j?lgléxgi‘up%@a‘ﬁg AaTBIRE RN (5 Snd Bw dh8ed Amory 140
device. At block 265, the method .may invalidate blocks in the high speed memory 132 when

write opérations impact those blocks before they have been committed to the low speed
device 140.

{0035] Atblock 270, the method may keep an index of data in high speed memory 132 that
is to be written to low speed memory 140 and if the data written to be written to the low
speed device 140 is resident in the high speed memory 132, the method may serve read
requests for the data from the high speed memory 132 without regard as to whether the data

has been written to low speed memory 140.

10036] Atblock 275, the method may test the low speed memory 140 to determine the
preferred write size for the low speed memory 140. For example, the method may inquire of
a flash memory 152 what is the ideal erase/write size. At block 280, the method may also use
indication from the low speed storage device 140 to calculate the preferred write size. For
example, in the flash memory 152 example, the method may determine that blocks are eraseci
in 1024 byte increments so the method may determine that save operations should occur in
1024 byte increments. The preferred write size may be related to the preferred erase size of
the low speed memory 152. '

[0037] Although the forgoing text sets forth a detailed description of numerous different
.embodiments, it should be understood that the scope of the patent is defined by the words of
the claims set forth at the end of this patent. The detailed description is to be construed as
exemplary only and does not describe every possible embodiment because describing every
possible embodiment would be impractical, if not impossible. Numerous alternative

embodiments could be implemented, using either current technology or technology
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S. The nmethod of claim7, wherein the user is presented
the option to wite the data fromthe high speed
nmenory to the | oWspeed nenory before the | ow speed
menory device is renoved. 9. The nmethod of claiml1,
further conprising organizing the data in the high
speed nenory such that the wite to the | ow speed
nmenory is nore efficient. 10. The net hod of claim1,
further conprising analyzing the data in the high
speed nenory to determine if any of the data has been
replaced with newer data before the data is witten to
developed hfvew thepfitivg dateof this patent, whith wbiakd stidk fall dvithfin dieacopelof the
chhﬂ&"ther conprising analyzing the data in the high-

[0038) Thus, many modifications and variations may be made in the techniques and
structures described and illustrated herein without departing from the spirit and scope of the
present claims. Accordingly, it should be understood that the methods and apparatus
described herein are illustrative only and are not limiting upon the scope of the claims.
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speed nenory to determ ne whether any of the data to
be witten to the | ow speed nenory is duplicate data
wherein the older duplicate data is not witten to the
| ow speed nenory devi ce. 12. The method of claim
1, further conprising invalidating blocks in the high
speed nmenory when wite operations inpact those bl ocks
bef ore they have been commtted to the | ow speed
menory. 13. The method of claim1, further
conprising noving the data fromthe high speed nenory
t ditional mem ory that is |ower speed that the
%t}%‘ ed nenory but higher speed than the | ow speed
The .met hod .0
comor ) Bmgetad BT sty HBRe g el Hereip fRUTIE of data storege
devicesewith & fiickdrelly o8ddtostbmguspeetiecomhpridimgy speed nenory and
if the data witten to be witten to the | ow speed
deadeiving data esbelgotedion atlbwertspgéd dqie stdrage devige; ser vi ng
read requests for the data fromthe high speed menory
wistoriog ther dagminck bigh speedheahasy; t he data has been written
to | ow speed nenory 15. The nethod of claiml1,
f gplgcting eé%pn@.dn@ in dhe highysperd mesvory yaike prefesies ameunt of data is
stored BASE %ﬁﬁe&%ﬁ'ao%ﬂl a(rqgw%é ?it& Bevid; the | ow speed

nmenory claim’l, further

C Qi¥Rink $hd @ht# f Kigh a;faéeagn&my RAGH €15 TR si¥el th& i8 hFRopriutd@rite size
rel.-ated to the pre erred erase size of the | ow speed

fmaPPé’PrBfl@:rsmmge device; and conput er readable mediumwith

uter executabl e .ins s for efficiently,, )
<8 § HYPRPIPRIAIH WFiLe §iFRP o 058'&%“?*1’ Jegee ifaeyed in the high

speedyhéhagiediRe] Whfing\thellath tBitler lowehspeed dekdéa St or age
speeds, the conputer instructions conprising:
recei viThg mithad éfclaie Ktfortied compeising keepisgpthe daticih aigh speed

stora S ?g %et%?r}x/fncte on %trge{derlﬁattﬂ!?eedaqg 1t'1cz>jl lolnréerais rrlllecqc{]ed IRE% % speed storage.

3. The method of claim 1, wherein the data to be written to the low speed storage

device is backed up on an additional low speed storage device.

4, The method of claim 1, wherein the low speed device is a flash storage device.

5. The method of claim 4, wherein the write size is the erase block size of the
flash.

6. The method of claim 1, further comprising waiting until a period of low

system activity to write to the low speed storage device.

7. The method of claim 1, further comprising warning a user that the data has yet
to be written to the low speed memory device when a low speed memory device has been
removed from the system before the data has been written from the high speed memory

device to the low speed memory device.

8. The method of claim 7, wherein the user is presented the option to write the -
data from the high speed memory to the low speed memory before the low speed memory
device is removed.

9. The method of claim 1, further comprising organizing the data in the high

speed memory such that the write to the low speed memory is more efficient.
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coll ecting additional data in the high speed nenory
until a preferred anount of data is stored that is
destined for a particular |ower speed data device;

storing the data in high speed nenory until it is of a
size that is appropriate wite size for a particular
st orage devi ce; anal yzing the data in the high

speed nenory to deternmine if any of the data has been
repl aced with newer data before the data is witten to
the | ow speed rrermry, and once an appropriate

vvrltes r .the parti gul devi els st or
40 b The Srsthogen oT2im o FiriheE Gommerising Aralyrgna (06 cAthih e ush
speedtnmndrsa waetsmﬁd ifdRYiof the data has beerl feplatbd withmeweLdata before the

abl e dium Qf claim 17, further conprising
dam‘%@?ﬁ?ﬁ@qlggwwegﬂy&?%mry to deternine the

T R AN e AN
speedanqmm'yméﬁemnaa wihathet aryudfjthid date o beweitten tosthe lowy spded memory is

cop R SR RORS CloeE PR e BCEhNCTot IS ptbd oo

deviceonput er execut able instructions are for efficient I y
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13. ~ ‘The method of claim 1, further comprising moving the data from the high
speed memory to an additional memory that is lower speed that the high speed memory but
higher speed than the low speed memory.

14.  The method of claim 1, further comprising keeping an index of data in high
speed memory that is to be written to low speed memory and if the data written to be written
to the low speed device is resident in the high speed memory, serving read requests for the
" data from the high speed memory without regard as to whether the data has been written to

low speed memory.

15.  The method of claim 1, further comprising testing the low speed memory to

determine the preferred write size for the low speed memory.

16.  The method of claim 1, further comprising calculating the preferred write size

to be related to the preferred erase size of the low speed memory.

17. A computer readable medium with computer executable instructions for
efficiently storing data where there is a plurality of data storage devices with a hierarchy of

data storage speeds, the computer instructions comprising:
receiving data to be stored on a lower speed data storage device;
storing the data in a high speed memory;

collecting additional data in the high speed memory until a preferred amount of data is

stored that is destined for a particular lower speed data device;
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19. A computer system comprising a processor, an input output device and
memory, the processor executing computer executable instructions and the memory storing
computer executable where the computer executable instructions are for efficiently storing
data where there is a plurality of data storage devices with a hierarchy of data storage speeds,

the computer instructions comprising:
receiving data to be stored on a lower speed data storage device;
storing the data in a high speed memory;

testing the low speed memory to determine the preferred erase and preferred write

size for the low speed memory

collecting additional data in the high speed memory until a preferred amount of data is

stored that is destined for a particular lower speed data device;

storing the data in high speed memory until it is of a size that is appropriate write size

for a particular storage device;

analyzing the data in the high speed memory to determine if any of the data has been

replaced with newer data before the data is written to the low speed memory; and

once an appropriate write size of data for the particular device is stored in the high

speed memory device, writing the data to the lower speed device.

20. The computer system of claim 19, the computer executable instructions further
comprising keeping an index of data in high speed memory that is to be written to low speed

memory and if the data written to be written to the low speed device is resident in the high

14



speed memory, serving read requests for the data from the high speed memory without regard
as to whether the data has been written to low speed memory.
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