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'BATTERY LI FE OF PORTABLE ELECTRONI C DEVI CE9 The present i nvent ifof Mgﬂf%tmqr

generally to portable electronic devices, and nore particularly to
increasing the battery life of portable EI ectroni c devices. For a.portable

el ect such as a personal data assistant (PDA), a digital: audio
pl ay m \HM mmm MPEG or "MP3" player), a digital video player (e. g., a

| player). or the like k@mabamuihﬂpiﬁtm@%wmﬁmym&e@u or to perform

" ot her dat 4 |ntensrve O%Srat ons nuous_ st m of data at rates of

,up to | .5 Miytes/mn ETE“B’e’*“‘&BBWé‘EAt’tF FHECT&SF{%BFEI%ﬁsect roni c device..

Due to linited i nternal menory capacity, portable el ectronic devices
typically cannete sbtr@éamsuﬁtérﬁuarrtredatas Hen&usifive fs@rttabmélcaasc@lasracl nt ensi ve

operation e\;icesg atnd m%epggyéi@gf. gJ: g!.'nlt:ge%sagﬂg'&eoﬁa g'? ng

meani ngf ul_ time enoug l'ay an-enti e pI e 5P usi ¢
or vi deo)electgop éﬁ%%?tse for limted internal. nenory capacity, m)st
portabl e el ectroni c devices enpl oy renovabl e storage devices to supply data

"to the portabl ?ox’?laeBEf&'%'lE éi%\étﬁ&ﬁc mmerbdcﬁnpé/ebbersshat eaead@éei@em

include r abl e_ di har drives onp "

devi ces. ggaﬁ "ngigé&n udy t%r’a N%%ﬁcoésaiﬁﬁc daé'eﬁetn creégg%/'haat may
be .ext er n‘&*d%Pb?Yerrnt(‘erﬁ‘ral atDHDaPWFFatﬂre ler adke &9 BlavedigiEalvwidie penpvabl e
storage devdeegsor ant péxtosufdther ahitangmenyiendpemtionst ai commstowakareat es

‘required by mat@éﬂlrateé Ret 6P RbC1 S MbFES/miN @86t saeoaeﬁaiéawoc%e o LalISUME

f i h the Db li f
g:‘ gglor![ggn{ etl e J Id(é\g:l.ceooyl\ﬁ[e %lelégn @éc?q ?S’}a?rlﬁen}ég r[y,egor atbgr %’yp: CSI

PDA runni ﬁbecéfﬁ" aBYisrEr %FF%FP%"‘% rTE%’E?oﬁPffs“Giﬂ’St ﬁ‘F attes spetaife PDA
uses a renrpvdableusdetadateesdiveeenayatontsi necus| thes apptipgdegidiosed audio dat a
to the PDéx 34eb) Tozharyt mbaiingEyl Itithe ge@DEEr (S . § he 1u5e eabupitbaplesy an

el ectroni g, devl 665t BAtnReE fQr (i gdaha i ntensive operations both expensive
and i nconveni en US Patent No. US 5,761, 735, 1s not concerned with power
savi ng systens or nmet hods and is unrelated to renovabl e storage devices and
portabl e el ect ForfaapeesAtecsohdimifiedcinfeasak merelcePapitdn gt neofteple
synchr oni ziexyrdata deviresf ensloybetmoreblen storste deiicee t@neugplyedond tdettiece
oper at i ngp@i‘ta@lgféreﬁei'orﬂ@t &eiakbes. ComMEMaﬁi’EEIorageoééxﬂi%egOQ'Jeluagg90253

New Page: ., bk %@594?21#:}" art R 20044+ T slﬁ’f‘* G0y | 'é\é?@eté o éeeks

to provrde avi n renova

devi ces aP@echs‘éﬁeWtﬁe B i Sé%tg@c??‘a’rﬁeg ﬁk‘?\}?‘ﬁ% ev%\%e(fof:’a?tn&ai’obeone aspect
of the pr estemnailn'vfeﬁtfr’dﬁer’aals;?gt%r?PF%a‘iireoﬂftféamﬁGaé%‘e*Geto i ncrease the

. battery life of a~portable electronic device, when the portable electronic
devi ce enpl oys wAi T FeMAEe SEtRLAGE ddeVdetCoorltaen SH(SE et oSl NGhd 8an

.remvabl e _storagesdeyi ge ragaotr@guit,gd PLe:08h8 adeLg,L alaLeL datg thg

renmovabl e storage device ca sferring Irst

portabl e éF‘é’Eﬁgreoﬂ"r"dcﬂé\ﬁlfé %&fﬁ‘"%(f Fﬁlft’ﬁén'f ér’rﬁ%fﬁ‘lcél spt%’F’agaé’ddé\‘ﬁr@@Y t he
portabl e epestelyniestudeviteebitheirnglideped eestahl caefgstiehicodelsdceat e FRrconput er
progr am t kRangleqUiHL batkdxg 11¥eber ta apsfanr emh konding £ deegayeat a second

Gata fromF ﬁ%ﬂ%ﬁ%& Ay Bl 0%, 15" S8l e EnP RRABTE HnBr@itl o0k deaat coet v
processor 3¢ aﬁ SPUE 8 %Wg%&égh‘&et geﬂ‘%tiS 3R 19 &g Pamtraﬁtff‘e? of
~data at t l9BoTY rbstt?rm éi$°r Gﬁﬁ*‘ieﬁé t*r"eeﬁﬁ%ﬂil poxiiagt pegenée dayicek thakhe
menory; ‘i petiaedatd iansfsdve ofpedatimnat bdtheexgeneink rad entoprant et .cache
"menory to the processor; and power down the renovabl e storage devi ce

foll owi ng the f t t st ora |cetothe.
cache nenory k@gg%cf’% 19% oggl %%%‘ﬁﬁsaggemt%@ ?ﬁned wgtsheg?wr nventfon, a
system coﬁﬁFF%‘é‘s"r a“eft?‘?%‘t agR visc MnERIapeR ot B abke Gé?‘é?gan#‘tltﬁef re#fst er

dat a, the ppristledeldateoniapdbticesfbutr disflopes rgcthatudt sdrrangemest faaxt e; an

i nt er medi e&acmwg@, hoeA -2k feON U RUedrD at BH-ohi 61 cHMHACE s R 088N LeVi ce
coupled ta aet_m rst d‘i‘?ﬁ’ereﬁtaé"a%t oattehe i nternedi ate storage |ocation, the -
second . Bevrceghavrng a processor, the processor being adapted to execute
a c_orrputer programthat requires data to be trans ,Mﬂmm processor at
a second rate which is lower than the first rate; Mmmw r program code
adapted to initiate a transfer of data at the first rgpg,fromthe first
device to the internedi ate storage location and to initiate a transfer of
data at the second rate fromthe internedi ate storage |ocation to the
processor. Preferably in the systemof the second aspect, the first device
consunes nore poWMEMDED SélEEEd on than the internediate storage |ocation
consunes when powered on. Pref erany aI so thr S systemfurther corrprr ses

o o o . o, - r 1 .



' B- 12-2001 ROC990253 New page : 3 Decenber 2004 Al so, i
.- 8(/%?38 pordop2bn this systemthe internedi at e st onegerPdgecal ileremiret 2&80100138
conput er program code are within the second device. The first de'V‘Z| AR‘?DOL
wi t h advant age conpri se a device selected fromthe group consisti 39' '
hard drive, a conputer, a flash nenory device, a tape drive,. a CD-ROM
drive and a DvD drive. Al so, advantageously, the second device conprises a
personal data assistant. The second device .my conprise a device adapted
to play Corrpfe%ﬁﬁgaréygltoigééxﬁim sR8Rs ABLEHIvVIEEta RbLEdE 188 RAeREBECT OF .
t he invention, t Internmedi ate stora

e Location conprises _a _cache menory.
Pr ef er abl §3V{PHe PR hEASHENDTRPVERHY PR ead??eir%?yarsee]‘g;éc{ é’%&f Ip8ﬁ¥§ﬁ§ group
consi sti nglextranfq devides.first-out buffer, a random access nenory, a static
menory and a dynamic nenory. ' According to a third aspect of the present
nvention, a dgylee, COMRI LSesepdlt bE'GlBAIALE Shahas | 2GakLaR dapted (o
couple to a storage vice that is capabl e of transferrin ata at a first
rate; a pPeddedradeptd &a inrrenee ithe atseaddfs (b aRe Bt rORCHRALAdapt ed
t 0 ‘coupl edéoidehewisnotey podentilecyl echeorgicodesser elmdong adaptvadile stoxegit e a
: Corfpug er 9&@%@%&4@}76&%&&&3ﬂ@tzaatgmbeaﬁﬂeasséﬁgee&tv&ee teraapeéanceesmregt a
second rate_whi [ ower an the . ..an r.Qgr am code
adapted t 24P fagic’e%ﬁa’fs\régﬁs#aerg 'o‘#“ad‘é%"‘a"r"g%l‘% %Re:gﬁ%%stg e‘?%{zgé%‘p%%%gt%g st orage
devi ce totfsierrionttiart 3fdraydaFocdt POrFaRhe 216 TAMF A5yige t9URLFE 00 f
dat a at t hke segovableasworbgemevhee i themmtakitec ebeatrante devite baving the
Pr oCessor prddedsbhisBagesd €8 &RRubd Qr agfpudey ifegpire tREB Helu HARSHARS LSS
power uhen, powered: 98 G- 1dRsbi e b AtoNAen | ACILIAN AADTUEES vhen
power ed on. 1B eterab ,-also, the device fyrther conprises co ter
progr am coiePtadaptied f?&ﬁowrﬂoﬁi@fﬁ t§t5?°§d§ea‘§a\7fc€t oFFo Ry > fe
transfer efoxiaeaddvion atite tattengkerdésta ot Biet Recqeseer maf AEPrYtesT agegram
| ocati on. cé€€@rdpted £6: antioidteha aspasterobs tdeeapitesratfiirav et OforatEONPUL er
progr am progiGh,; € WRELLGE Sevicd TR D t£adaRiRDY B1€ oML eEnankBEr CRMBAL LT
readabl e nedjl,um hawdn]g:t nmgans ggr [ gletl at | n%gatt ransfer of %&@owaet a
AVENDED SHEETe second rate Il £he fGhe 8860253 Mok Paga ' § DeRiifberod
8010013 " ¥¥e iemoyyis Fi3rgge rdavdco dohbting e §fa'tféﬁrc% ga%P &ROT ritheér nedi at e
st or age | oemdviadide stodageearsideoto|thiet faghienyenpryr ansfer of data at a second
rate between the internediate storage |ocation and a processor, wherein the
second rate is oWl LD ot Beechbirfbelald ol heral! Ynddi: GOMAUL RS RN 0duct

further conpri,ses neans faqr powerin own, the .first .device follow ng .the
traner er  SPRUCRS oRtTHo QPTI oA A cY Betficahtd Sha WG Endetr ool

| ocat i on. fAetlordgvige carariei pf Hra%if@(’ffl’%ﬂ datre asr addnet imdfentaomntermadiadted of
transf err ishgradat dodrttiveemupldd tettigetind dendica: secenchdldevice corledses:
AMENDED S'ﬂEE&irst device and to the intérmec:liate storage location, the second

‘device having a processor, .the processor being adapted to execute a

v
"y,

computer program that requires data to be transferred to the processor at
a second rate which is lower than the first rate; and computer program '
code adapted to initiate a transfer of data at the first rate from the
first device . to the intermediate Storage location and to initiate a
transfer of data at the second rate from the intermediate storage location
to the processor. ' '

Preferably in the system of the second aspect, the first device
consumes more power when powered on than the intermediate storage location
consumes when powered on. '

Preferably also thie system further comprises computer program code

adapted to power down the first device following the transfer of data from
the first device to the intermediate stbrage location.
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T MAR 2004 W01155834 PCT/ GB01/ 00138 4 providing a first device for A
‘iqsowggégabasm%ﬂor transferring data, the first desi cageapabésendbr , GBO10013
transferring data at a first rate; providing a second device,. the_second
device requiring data a second rate which is |ower than the first] faMAR 770’
transferring data at the first rate fronfthe 5 first device to an
internmedi ate storage |ocation; and transferring data at the second rate
fromthe internmediate storage location to the second device. Preferably

when using thi iltgﬁ:[ h@dantdi8odd15Sin qg!é’%s{ﬁ@rﬁ'%{ﬁ@ﬁnt@ﬁgdsijagggﬁ Lgahen

powered on than e |gt ermedl ate storage | ocation.. consu & power ed
on. . Pref dPERTAPPaPD thE O RRI o B IFAP e B MAER hBRwsechRd dsWice-he f i rst

device follow ng the transfer of data fromthe first device to the 15,
i nternedi ate stiheagerst daiibomay ToL el davstabdiechgtds 9f adviiBe QL from

systens; i r g _ ucts met hpds.are proyi ded which

‘may si gni ?%a%ﬁ%é T&é%g?#:i?igags)%_%t hgﬂibg% ?‘ger'ygl?%mgﬂg?r'sap a%sgbrpeénop e%?v 6Ri &
devi ce t h&BPHEFHERnd SO RPMt TFvht s RvBVDF&EH%+i ons such as playing digital
audi o or video. Wiile particularly beneficial for increasing the battery
life of the aboyg.desciidagdonak! altleesedmat 88RICE dRpieas atbé‘rs%g?%'a% |

i nventi on_0gy. beterrpl oyed in other applications including portable \D

pl ayers, wear atbalne' conput ers and aut onobi | e personal - conputers. 25 Exanpl es

.~of a first device or storage device that can store data and transfer data
are a renovabl &hetsrcage deiee eagusinpatsen ahded cdradapted toapbayd bijfre sae£D- ROM

- drive, a R¥B drdayge or a fl.ash menory device such as a conpact flashT" -
menory device, . a Smart Media''" or a Menory Stick''". The 30 first device
i's capable of transferring data at a first rate. An internedi ate storage

| ocation (e.. g PCEAEMEN0S) RicheaRdaasnscst of (fhej invenbian ptidd er, a
random aceées¥rmedinley steragealdcat kermseprhsea alyaeolnd oemenpr yPrdfereolyn| ede t 0

‘the first cdew eepogndospraeesnd metuiyC Be e tgd ,£ramPtel 3R eLEAlERY GedgVi Cce
such as asPRA- 1ane NR3. BlKeEserd ¥1:800PaBYESD mBmsSt Ca )atlads SQURLES BQth to
the first .devi.ce and to the internediate storage location. In desért bed
enbodi rrenfiga"flﬁemes“éogghd device includes a processor that is adapted to

“ execute a conputer programthat requires data to be transferred to. the
processor at arseccidgred e whirdhaspeck oviethe harsédie ihvdriliofi Atae dePreConput er

' P_r'ogr am Can}?pﬂi&eBL‘g‘q‘ﬂéﬂ@@rﬁngdﬂa_tﬁa&dr@bi&%k&idﬂeaéiﬁaéf@:f cBhpdata %t% e s
irst ratgedfmetbe ski £stnde . n iate storage

PCT/ GBO | (0138 5| q&gti%rggﬁ i-ﬁlé:tt:%ggn izlllrsl’i %ft%'?ggt tgl_)fsrscarr@?%'r BoFrTafa %t the

second rate Fromthe internedrate Storagetocht Fh iR et HIrotRS 5P, thrhe

i nt er medi SRS OISt PERFESFT brdtd pdprtesete credutien acorTpuher [pessraroner

“when powetbalt greauinas tate tprist tdandfeerssions hesprdtens@ower £e@bnd Gapput er
program ceHectb ipr Bhekabian e BLOM Qe { AnBAMRPUERWBridan| (4Rl 2880GC o

fol I owi ngifh8 aeet £ a23h8F08 data J oM the.d Il nﬁ%ﬁé %ﬁestsgo}agg {i%nvt%”&d' ate

storage ., location, ower 0 <]

As used_hirel N P I _
oper at | on&il® steETgdate i EOLIASG ABFA1PBr TdatQ iainteef Yr@nster of datat et havi ng
a spi nni n§baeteRd Heter LoD AE\VEntsrhed e £ etk ade ivtahban so bgiengrédesase .
operational 10. state that reduces power consunption, such as a state with
al | power remvede{ys0m+ie GRVLEorR¥ Wikl frett Mty (Sofluned m3kal e, 0avi Ny a
stationar %’vhmrp%wgl'ésck ogrthg;?' t%gvgl.htermediat_e storage location consumes when

powered-gn. |

Preferably, also, the device further comprises computer progiam code
adapted to power down the storage device following the transfer of data
‘from the storage device to the intermediate storage location.

According to a fourth aspect of the present invention, a computer

program product comprises: a medium readable by a computer, the computer
readable medium having: means for initiating a transfer of data at a

AMENDED SHEET



106- 9242001 of the invention, devices, conpute rogram 15 pr.odu
'éﬁ% net ho ?egﬁgﬁgrovided for use within (or for use&fﬂéggghgééchygﬁigFﬁgHOO13
above descri bed system Each inventive.conputer program product g carri

by a nedium readable by a conputer (e. g33 a carrier wave Si gnal";?aMf%éﬁ%%’*
‘disc, a hard drive, a random access nenory. etc.). 20 Qther features and
advant ages of the present invention may becone nore fully apparent fromthe
followi ng detailed description with reference to the drawi ngs of, by way of
‘exanpl e, prEskerkate prterer e divtihoayifeneRd Gp {ptermadiate; stprags Insatirmsent

i nvent i on anill he smpwele idéstatiibec wrinefeef ©f dace dtoatdwond aapaetwegn the
~drawi ngs, shReWlidilce BEoLRYe 9bcRiBAPLRY aF%:%ce;sdx:S, ASEhaNELd seﬁﬁggg qf, a
first novel systemifor . ncreasing the battery [ife of a portable electronic
devi ce su&ﬁwﬁg thaget e haFsaRse 30 assistant; FIG 2 is a flow chart of a
preferred process for the first systemof FIG 1; FIG 3 is a schematic

di agr glm'of 2 tsqsz@aermyetnes-wsram&cﬁroaﬁc@; E €1 aanﬁﬂgebaﬁetaﬁé Yedd tsw&fina
port abl e e S g o) e ayer,

B A 1o 258 GO EResUepeclbiloind oHe leBle i B ot cin W DB IS
3; and 40 tR| B ingermeddptstPradsi 4973 MPBf a third novel system for
increasing the battery Iife of a portable electronic device. 17 MAR 2004
VO 01155834 . REELGrgLEOL §kck aspder) Be 1 it Uvehtih, a methoa of

ref erence, nu rs..indjcate identi or,_functiona i ar el enments.

Add 11 onalTorosarpdiaaetal o Efver heyitiand Wacdeed' il fobtiren
figure of the drawings in which the reference.nunber first appears. 5 The
present. invention takes advantage of two observations: (1) thdt nmany data
i ntensi ve. operations such as playing digital audio and/or video require
sustai ned data.transfer rates (e.g., about 1.5 Mytes/mn for MP3 audio)
that are far less than the data transfer rates of many renovable 10 storage
devices (e. g.) about 2.5 Moytes/sec for an IBM M crodrive Mdel No.

DVDM 10340); arid (2) that renovabl e storage devices such as hard drives)

di sk drives, CD-ROM drives, tape drives, flash nenory devices, etc.,
typically consune significantly nore power than snaller, internal nenories
such as first-in first-out buffers, random access nenory (RAM, 15 static
menory or dynamc nenory (e.g., about 270 mA for a renovable I1BM M crodrive
versus 15 mA fox an internal RAM. Power savings thereby may be realised
by. enploying a | ow power, internal nmenory to continuously streamdata at a
relatively low transfer rate (e.g.., about 1.5 Miytes/nmin) to a portable a
el ectroni c device, and by enploying a high power, renovable 20~ storage
device to transfer data at a relatively high transfer rate (e. g., about
2.5 Moytes/sec) to the internal nenory only -when the portable electronic
device has read out all (or nearly all) of the data within the | ow power,
internal nmenory. The internal nenory thus serves as an internedi ate storage
| ocation for the portable electronic device that 25 "reads ahead data from
the renovabl e storage device fox use by the portable electronic device. The
renovabl e storage device preferably is powered down intriediately after
transferring data to the | ow power, internal nmenory so as to nmaxi nm se power
savings. Due to the high transfer rates of renovable storage devices, these
devices need only be .powered on 30 for a short tine period. For exanple,
i.n about 2-3 seconds, an IBM M crodrive can power_on, transfer about 1
mnute's worth of digital audio ;data to a PDA's internal RAM and power
down. During data intensive. operations that require the use of a renpvable
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35 storage. devi ce) stch as when a .PDA runs an MP3 pI ayer appl i cat| on, the
.present invention has been found to extend the battery life of 1 2@@4
to 10 how@o{/sggmthe conventional limt of 30-95 m nutes WpchrscEwifobisgul arly
‘beneficial for increasing the battery |If§ of PDAs and MP3 players, the
present invention nmay be enployed in nmany® ot her applications 40 including
_portabl e DVD players, wearable computers and autonobil e personal conputers.
WD 01/55834 7 17MAR 2004 PCT/ G3A /00138 FIG 1 is a schematic diagramof a

first novegirosycsﬂ:@nh 1ﬂst:0ded1|&6rﬁ&5|slﬂgritﬁéedbﬁ taﬁEYsz‘ ft?ax?éfé%r@x% _Ic_ﬁb.laf It.he

| ect t t PDA) 102.
Syetom 105 Cenpsr ok AeERg RTHEORTE A R B Thmeb e pretRines 102

The. rem),\f&EP Sexi¢f-afhe RAFPES IRY4CP sreqdapingd dpeR AAtopesetend watk Which is
transfer dawar taad they féeepriase; trahsbaaipg lata ﬁlﬁl‘tﬂ:edfim rat@q:rrggn@{e

comgput er v v nor deV| ce
Such as & Soroaert g’i‘%;&?ﬁ %ﬁ?ﬁ*‘ﬂl‘*éé.g;ggp‘%?“ﬁ ol AR PRI 4 o6

StickT", JPeamSFosenettec ohvRtF otfifierae es'ifé'\?PEel"‘"’warfﬁé’ PR segond ncl udes
' a pr ocess&evi% coupled to a cache nmenory 10B, and corrput er program code
'110 for controlling the operation of the processor 106.' The processor 106

may conprise, iyl dlo AUk AORYEOLIANGL TG PLACERSAL, SThe cache

ngpor y 108 gref r abl rises tion f
random ac&& §rr¥§‘ﬁﬁ ‘i/‘}/“’(e Tr\;/})”lf?antfﬁf f teé@ﬁ%‘raél AESF a8 npraesdcarsensunes veaown
nmenory deworeredieh-as a first-in first-out buffer, a static nenory, a _
dynam ¢ nenory) etc. To increase the battery Ilfe of the PDA. 102, the cache
menory | 08 sho S on _than the emovabl e
‘storage deyi celil};%ﬁg{ggg%ynglé WE %EO%?%@ & “EoRPITAP (1988 B code
110 i ncl udé&Spréyrame %w’t"ﬁafh%é@aﬁgfe&r%t%éﬁawf%%“ tlhﬁ jirgtedevigeptartdki ty
oflSevent s inceingiibhe sebpadd2oostidne renovabl e storage device 104. Events
initiated by the conputer program 25 code 110 preferabl y include: 1. a
" transfer of dat.a actjda fItI;St rage fromthe renpvabl e ' storage device 104
to.the cache nmenofy-TH8; “30 "8%9% & BRI PEF DA dar YSEENS AS¥ABRY CamRItAHi ch
is |ower FREFFAHETPIYSSE . randemprlndst pre eaenlefenbish 108 Siant hicgutdgessor
106; and 3ncpesser thg tdowert hefs empuabd:@ablorcager faiicCaevitd fiodd %\é&ﬂgmi;he
traansfer chedairchsom EB@rJtEiBPé/aetﬁlcﬁ o g&agﬁgd%yb%llgéd & th@l %‘ie

menory- 10 upder st onput er ram Cod
initiat es%aaﬁgeﬁ/u\gﬁu%y 3 lCla'sL Po::t ﬁgcreraés(%’é stg‘r n?@%tetrb’ # 1% i°4t B H‘B%‘?/ent. 40

The conputdéFc’fJ‘rl??&r’A?ﬁtéB&I% %fetﬁ%w%éewegr dfedr easintginyaptpewgreante ng
| anguage smehoxas! G Eher Rasdaitiomst hecluikey pBredlgreably fiheecOMpPULEIbI e

program Cedapddddsr 884 dasoiihbnodr=dayi Comflidesgr of the PDA 102. 17MAR
. 204 ~'VO 01155834 . PCT/ @GB011~01~ g For exanple, if the PDA 102 enpl oys
" the Mcrosoft Wndows CE operating.system the conputer program code 110
preferably resifd88PYF% R £108Yi Y185 i SFef tUTRIChESWCEr BRAJT €T apord ofws aCETA
oper at i ng t¥paeEan dstAGTstatredopre stwiage ddvecpresdntsinenti diveNcs @apes
the batteraibife ob-rmpertabl e mheatienoe sdevker dowueh @sitbesRRALQ2) by

"readi ng of [ e vable st & devl qe 104 at _a,re tively
hl3g)h dat a%fltgﬁg%st 3?39‘ H% Bh% g %1"% T %hegg Ad%t%a i’n Sgn Kt ell’ﬁ%dl ate

r storin
st’orage | oAt orf (&S ¢ s Ca?%éec%%ﬁégﬁﬁ?ﬁfﬁn%@@)taaﬁ‘ﬂ abﬁlﬁfpﬁF‘WﬂgAHata to the
.10 pr ocesslé?FemlFF%rﬂtPheg%éeheter@mzw 108 qazxheanemirat sucdl yws | oWitsaisf er
rate) rathdestian buffert he faaoay altkess mehags deytaﬁclﬂémcsrywslir | € abthGni ¢
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etc.) is coupled both to the first device and to the 1ntermed1ate storage
location. 1In described embodiments, the second device 1nc1udes a
processor that is adapted to execute a computer program that requires data
to be transferred to the processor at a second rate which is lower than
the first rate.
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Computer program code is provided that can initiate the transfer of

data at the first rate from the first device to the intermediate storage



15 10' 6. Thereafter, the renovable storage device 104 is power edao}? only
ong enough to fill the cache nenory 108 with new data, and the b m
'process,wg‘b %834 Because the renovabl e storage device 104 EGW&BMOI\.’@A l’
significantly nore power than the cache ngnory 108 (e.g., about 270 mA for
an |BM Mcrodrive versus 15 mA for an internal RAM, powering down the
‘cache 20 nenory 108 can result in very |arge power savings. The battery
|ife of the PDA 102 thereby is greatly extended. FIG 2 is a flow chart of
a pref err da°priPedRa gt AR ERLEIPEPsEhe FapRTEEr00f Jath| & the sdmahd rate
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205 207; @rbeEMsSEnd MR LREACESS JHLOEEEIT W {N BLER 2Q8: 4.0 sten é LICE
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a command sent Tromthe processsro1HE t F2Ehe W EBNO\VAL PN BF RyETTRIV Prechikd) |
and the cofiptR¥EPrivgrafttivier Lfebitidly Rnfeninates tehe. i raansislerofavet he
request ed sdemal f rofidope dierpvableedsdrinvagea devides skQ4sd Qnekb@y,cggp_g nenory
108 (step 206). Wiile the renovabl e storage device 104 is powered on,
enpugh. data t Ll cach mory 108_10 is also transferred fromthe
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i s transfé&preee dravirasmeki fvnvay afiséemplat erebeltls pesmvabd enbb@hRges dgVi ce
104 so asthe irvehmige the tithe the renovabl e storage device 104 is powered
on. Followi ng data transfer to ~15 the cache nenory 108, the conputer
prgram code 1 powers. down the renpvabl e storage device 104 (step 207).

I nZ%st ep 208, th%g‘eg%rr?psﬁ er PG At o &Y 1% idﬁF‘E’f’gTe@sWJttﬁ‘er?#e&ﬁ§¢%rt°othq he

r equest ed 2GEPEPHF Y ORF tHEWEREEnel hibely: POSwaw ofhexqmpdeessor 106.. The 20
requested data is transferred at a rate requiredly the PDA 102 for data
stream ng (e.g.rict he ilak esdhemik sied; i 99 am executed by the
processor .06, .such ﬂ%eaorf% gtté%g%)%éﬁlaﬁ)ﬁg%g%ﬁ 2137291{:1136? A *qLdiGT T deo
or. perforns some of her cdat & PAtERs SPETEE BRYLCETRRCIHAE £ PeasRIRerdatat e
fri¥m the @SEHEa®Efory 108 to the processor 106 preferably is, 25 :
significantly | ower than the data transfer rate fromthe renovabl e storage
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.privgram cdaeraadndeter hiresyi fifichet pr coessre dD&urefid kesiaddidd gpal data
for processbigrl @uafb aniifor REaLOPPIFSS; Program the PDA 102 is executing
requires nore data) and if so, the process 200 returns to step 203 to 35
request additiqnal data; otherw se, the process 200 ends in step 211. FIG
'3 is a schenati®¢%di hgrtat DrYackistontl ansyveferspdtrancge® foor tienseaasi agtihe
“battery |icfeF¥¥. &: pord abl e el ectroni ¢ device such as a digital audio and/or
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5 coupled to a cache nenory 308, and conpué er program code 310 for
.controlling the operation of the processor 306. The processor 306 may
‘conprise, far exanple, any conventional m croprocessor. Unlike the PDA 102
whi ch pref erabl ¥ eg&l oy'S g‘a%orij on of internal. RAMfor use as a cache
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powered on than 'the renovable Ror age device 304 consumes when powered on.
15 The conputer program code 310 includes programcode that initiates a

pl ur al Ib][ y of evéhtzpmistehi: nirtviest thirgibleds aBekntag WOkwy iBertl@¥EL . 307 P ge
~renovabl e phey BFRa 858 3D bpefit Akt t.he .c ut.er program code
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at a seconBUfHt'e IRt @Fei §29 dfes thiaanthehdatd transfererdtesnvt angach@vaBID! Y
3080t 0 t hesprrrmesdevic®®. 6¢.candabimt32 . PEVREdsIge 6l bR- &th?tsﬁeﬁﬂ&%ﬁl‘?vesh%%ﬂe
devi ce 304wé 0lvowi 1¢s dohe d4208] Gcfhaef'reqf@waergp&ta@% s&HRYab] &, st orage device
304 to the gf\;et;e BIDLY; 3d8. Cg%é)Fl_g; 4 i's a flLowchart of & r8f dirdd
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40 including portable DVD players, wearable computers and automobile personal

computers.



In step 4@, the processor 306 processes the data transferred t ZeV), ’t}rm
‘'t he cache nenory 308. In step 409) the conputer program code 31 eVt i '
if the pr¥¥@ddE8i34306 requires additional data for 30 procePsTREBIIRIGS. - | |
. the digital audio and/or video player 3027is still playing digital audio or
video), and if so, the process 400 returns to step 402 to request '
~additional data; otherw se, the process 400 ends in step 410. 35 FIG 5 is
a schematic, diagramof a third novel system 500 for ' increasing the
battery |ife ofFI&-pbrishl echematic cipgratev oo 502t Mevel ,syac8DAooassk gi t al
?_udi 0 and/ierrvideg phayattest ¢ije oEhg ML&%&E%&&%Q@Q ciei%iﬁg r’gulr?gr?g_% t he
first sys the. n y m .:However, unlike the T1rst
system 10%%%%0%hgggaec%%é§€a?§t 21#]3 03?% hglg? HiiF g SySEem 48 SO®reRpI Gys a
read ahead “EZEMHLWFEHiaTeadP SV EoRIstatR thevPRe 1Pat h@hettmnvabldi n a
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convent i os@hvettgoage steveage dedtlel.t i onal |y, the renpbvabl e storage device 504
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cache nenory 510Q, | dgs-:.C uter program.caode 512 for controlling the
oper ati on o?‘/ t@e rg%é:gs?éo?ncgggés ‘thp%cregt?%%slg)g %@’é’lﬁﬁf"cénﬁq@efpeﬁ%g 108,
exanpl e, &H§ %Wgﬁf iTREF A icer o prifc éDs 6Pt Pl inmche smmwetio5b® qieef er abl y
s a | ow peReessrenbPf deve ceosectvraso@nay niokbnpde, RA exafprSt ahp first-out
buf fer, acshadntd oRRIMMiYropyJd¥BadH C FRITR T e_nenory 510 shoul d
cagsune | ess. power W}e%?ql’ﬁ“ gd, on t ans%lhee%tég?rg gtg%%%%gexf?e%‘é?'u BHgees @
consunes when power ed on, The portabl e 8Fe8t FOTSS BERATYe (B 1hb| bdesin ts
own proce§§8?”§1ﬁ‘.""y'l‘f?é‘pfh?er GnE\R_EheR 150N giEray edsviteridugh 40 at herqarpgess 200
“or the préé&ests WOOPpifeyi ousitpsdesentheda dyinbhid henexecepts ONgot hat gt £R1,202
is not regected antde cInkye thde OBt acsd RLaRe B MALE08. 0l 4 °t°rr]‘§‘(5'rgﬁe 6§§bl e
storage. de¥ieenal4dvs-ROVEr e, owered down in steps 2 and
2Q§/ 408, %(g%%gecfti vely. Fu\rl-}%hgfr;',rp?ﬁgrx%rmg‘éa\é%seo?t?rea Er‘%eé'(i‘cfol%nc%‘fsé’ﬁ@smn. 210
or in steps -489 is the processor 514 of the portable el ectronic device
:502, not the renovabl e storage device 504 a processor 508. The foregoing
description. diThel osesteniprobhen poeé anoethcaahodipiBfts fad REai ria‘é%@{.% Q.
modi fi cat iceRerifset Mg iabove i selesert Apparalus ‘&@Q'n”‘%%fg‘o% waich rall W thin
the scope  gf .J N8I DugALLO ev"i"ic.lelmlie read] |y appar ent” t o thosé broroF e nary
_skill in thg art. Fox rnstance, the PEPET cataratserbashe wmeetenmresevi ces,
r &fovabl e “8FdridJePTRAFFERYY dRaltdsche nmenorise described herein are nerely
exenpl ary; and any ot her devices(nmehories may be simlarly enpl oyed.
Further, each .of the teengreress paegran cade: L. thg, ¢poputer program code
310 and the conputer 512 .may. .conpr.ise a_ conputer program
product. Accordi ngl yﬁeg&gﬁlgn%ﬁ%ggﬁe%é’ﬁfeilr?\%eg%)i%'ﬁ L BTl X8 osed i n
cqonnection with the preferred enbodi ments thereof, it should be understood
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the renovabl & ETOPAGETRACEU(MLO8)C f St oRPRERY KE theaniker Bfeidatlalyt kbeef rom
to the i nCeFrRi@raperorage 1Ucaksoles(ddB)in a device driver of the PDA 102,



2. A system (100) conpri sing: a renovabl e storage device (104) adapted to
.store data and to transfer data, the renovabl e storage device (1 Zg@@g 4
capabl e AWOt01&SR3erring data at a first rate; an internedi aREI/&BO1/

| ocation (108) coupled to said renovabl e s orage device (104) and which
consunes | ess power when powered on than. does said renovabl e storage
~device (104); a portable electronic device (102) coupled to the renovabl e
storage device (104) and to the internedi ate storage | ocation (108)a the
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at a second gt i r addians ob i TSt ofedBoudnd rQgram
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requested data resides within the cache memory 108. If the requested data
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increasing y life Of a portable electronic device such as a
digital audio and/or video player 302. The second system 300 is similar

40 to the first system 100 and comprises a removable storage device 304
coupled to the digital audio and/or video player 302. The removable

storage device 304 may comprise, for example, a hard drive such as an IBM
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15 . The computer program code 310 includes program code that initiates a
plurality of events within the digital audio and/or video player 302 ox

. U c”a] ca] c*a] cal] ca] caU] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]lcaU] ca]caU’

the removable storage device 304. Events initiated by the computer
program code 310 preferably include:

20 1. a transfer of data at a first rate from the

removable storage device 304 to the cache memory 308;

2. a transfer of data at a second rate which is lower than the
first rate from the cache memory 308 to the ptocessor 306; and
25
3. powering down the removable storage device 304 folloWing the

transfer of data from the removable storage device 304 to the
cache memorxry 308.

30 FIG 4 is a flow chart of a preferred process 400 for the second
system 300 of FIG. 3 that significantly increases the battery life of the
digital audio and/or video player 302 when the digital audio and/or video

"~ player 302 plays digital audio'ahd/or video. With reference to FIG. 4,
"the process 400 begins with step 401 when the digitel audio and/or video
35 ‘pPlayer 302 runs the computer program code 310. In step 402, the processor
' l 306 requests an amount of data that is required by the digital audio

and/or video player 302 to play streamihg digital audio and/or video.

In step 403, the computer program code 310 determines if the amount

40 of unread data within the cache memory 308 has fallen below a
predetermined threshold (e.g., whether there is enough unread data within

the cache memory 308 to continue data streaming). A preferred
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.;" S proceeds with steps 404 -406; otherwise the process 400 proceeds with step

407.

In step 405, the computer program code 310 powers on the removable
0 storage device 304. Thereafter the computer program code 310 initiates
the transfer of enough data from the removable storage device 304 to £ill
the cache memory 308 (step 405) and powers down the removable storage
device 304 (step 406). Preferably all data transferred from the removable
: storage device 304 is transferred at the maximum transfer rate of the
: 15 removable storage device 304 to minimise the time the removable storage
' device 304 is powered on.

In step 407, the computer program code 310 initiates the transfer of
the requested data from the cache memory 308 to the processor 306 at a
20 rate requxred by the processor 306 to play digital audio and/or video.
' The data transfer rate from the cache memory 308 to the processor 306
preferably is significantly lower than the data transfer YXate from the
removable Storage device 304 to the cache memory 308.

In this manner, the

time the removable storage device 304 is powered on is reduced, . and the

25 battery life of the digital audio and/or v1deo player 302 is increased.
In step 408, the processor 306 processes the data transferred
thereto from the cache memory 308. 1In step 409, the computer program code
310 determines if the processor 306 requires additional data for
30 processing (e.g., if the digital audio and/or video player 302 is still
. playing dlgltal audio or video), and if so, the process 400 returns to

step 402 to request add1t10na1 data; otherwise, the process 400 ends in

step 410
35 . FIG. 5 is a schematic,diagram of a third novel system 500 for
! ' increasing the battery life of a portable electronic device 502 (e.g., a
PDA, a digital audio and/or video player, etc.). The third system 500 is

srmllar to the first system 100 and the second system 300, However,
unlike the first system 100 and the second system 300, the third system

40 500 employs a read ahead cache within a removable storage device rather
than within a portable electronic device.
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drive, a DVD drive or any other conventional storage device.
.Additionally, the removable storage device 504 includes a processor 508
‘coupled to the data storage medium 506 and to a cache memory 510, and -
computer program code 512 for controlling the operation of the processor
568. The processor 508 may comprise, for example, any conventional
microproceSSOr The cache memory 510 preferably is a low power memory
device such as an 1nternal RAM, a first-in first-out buffer, a static
memory, a dynamic memory, etc. The cache memory 510 should consume less
~ power when powered on than the data storage medium 506 consumes when
powered on. The portable electronic device 502 includes its own processor
514,

The third system 500 operates similar to the process 200 or the.
process 400 previously described, with the exceptions that step 202 is not
required and only the data storage medium 506 of the removable storage

' device 504 is powered on and powered ‘down in steps 205/404 and 207/406
respectively Further, the processor referred to in steps 208-210 or in
steps 407-409 is the processor 514 of the portable electronic device 502,

" not the removable storage device 504's processor 508.

The foregoing description. discloses only the preferred embodiments
of the invention, modifications of the above disclosed. apparatus and
method which fall within the scope of the invention will be readily
apparent to those of oxdinary skill in the art. For instance, the

. particular portable electronic devices, removable storage devices and
cache memories described herein are merely exemplary, and any other
devices/memories may be similarly employed. Further, each of the computer
program code 110 the computer program code 310 and the computer program
code 512 may comprise a computer program product.

Accordingly, while the present invention has been disclosed in
connection with the preferred embodiments thereof, it should be understood
. that other embodiments may fall within the scope of the invention, as
defined by the following claims.
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comprises a portable electronic device (102) and a removable storage
device (104) for data required by the portable electronic device, wherein
_the storage device (104) is capahle of transferring data at a first rate
higher than a second rate that is required for data input to the portable
eIectrdnic device (102), the method including the steps of:
providing an intermediate storage location (108) that consumes less,
power when powered on than does the removable storage device'(104); '
transferring data at said first rate from the removable storage
device (104) to the intermediate storage location (108);
transferrlng data at said second rate from the intermediate storage
~ location (108) to the portable electronic device (102); and
. powering down the removable storage device (104) following the
transfer of data therefrom to the intermediate storage location (108).

2. . A gystem (100) comprising:

a removable storage.devicé (104) adapted to store data and.to
transfer data, the removable storage device (104) being capabie of
transferring data at a first rate; _

an intermediate storage location (108) coupled to said removable
storage device (104) and which consumes less power when powefed on than
does said removable storage device (104);

' a portable electronic device (102) coupled to the removable storage
device (104) and to the intermediate storage location (108), the portable
electronlc device (102) including a processor (106) that, in operatlon,
requires data to be transferred thereto at a second rate which is lower

- than the first rate; and
means (110) adapted to:
‘initiate a transfer of data at the first rate from the removable
storagé dévice (104) to the intermediate storage location (108); o
| initiate a transfer of data at the second rate from the intermediate
storage location (108) to the processor (106); and
' ~ power down the removable storage device (104) following the transfer
of data from the removable storage device (104) to the intermediate
storage location (108).

3. A computer program product for use in a method of saving consumption
of power in a system (100) which comprises a portable electrdnic device
(102) and a removable storage device (104) for data required by the
portable electronic device, wherein the storage device (104) is capable of

AMENDED SHEET
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~ means for initiating a transfer of data at the first rate between a
the removable storage device (104) and an intermediate storage location
(108) ‘which consumes less power when powered on than does said removable
‘storage device (104);
means for. initiating a transfer of data at the second rate between
the intermediate storage location (108) and the portable electronic device
- (102); and
' means for powering down the removable storage device (104) following
the transfer of data therefrom to the intermediate storage location (108).

4. A portable electronic device (102) comprising:
an intermediate storage location (108) adapted to couple to a
removable storage device (104), that is capable of trénsferring data at a
first rate, and which consumes less power when powered on than does the
removable storage device (104); _ ‘
a processor (106) coupled to the intermediate storage 1ocatlon (108)
and adapted to couple to the removable storage dev1ce, the processor (106).
being adapted to execute a computer program that requires data to be
transferred to the processor at a second rate which is lower than the .
.first rate; and .
computer program code (110) adapted, in operation of the portable
device coupled to the removable storage device (104), to: - '_
initiate a transfer of data at the first_rate from the removable
storage device (104) to the intermediate storage location (108);
initiate a transfer of data at the second rate from_theyintermediate
storage location (108) to the processor (106); and ' N
power down the removable storage device (104) -following the transfer
of data from the removable storage device (104) to the intermediate
.storage location (108). '

5. A removable storagé device ((504) for use in combination with a
portable electronic device (502), for supplying data to the portable
electronic device (502) and comprising:

. a data storage medium (506) capable of transferring data at a first

rate which is higher than a second rate that is required for data input to
_the'portable electronic device (502);
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which consumes less power when powered on than does the data storage -
medium (S06);
'~ a processor (508); and _
computer program code (512) adapted, in operation of the removable
. Btorage device (504) coupled to said portable electfonic device (502), to:
initiate a transfer of data at the first rate from the data storage
medium (S06) of said storage device (504) to its intermediate storage
location {510);
initiate a transfer of data at the second rate from the intermediate
storage loce;ion (510) to the portable electronic device (502); and
~ power down the removable storage device data storage medium (506)
'following the trahsfef of data from the removable storage device storage
medium (506) to the intermediate storage location (510) .

6. A system according to claim 2 or a removable storage device
.according to claim 5 wherein the removable storage device (104) or the
data storage medium (506) comprises a deﬁice selected from the group
consisting of a hard drive, a computer, a flash memory device, a tape
-drive, a CD-ROM drive and a DVD drive.

7. A system according to claim 2, a portable electronic device
according to claim 4 or a removable storage device according to claim §
wherein the intermediate storage location (108, 510) comprises a memory
selected from the group consisting of a'first-in_first—out.buffer, a
random access memory, a static memory and a dynamic hemory.
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