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(57) Abstract: Herein is disclosed a method and apparatus for controlling power consumption of a disc drive in a portable computer
based upon statistical characteristics of recent user disc access. This is accomplished by a disc drive that initially instantiates a set

of thresholds, each of which
intervals, the time span since the disc drive was last issued a

govern transition into a corresponding power consumption mode. Next, the disc drive measures, at
command. Prior to receipt of a new command by the disc drive, the

disc drive is progressively transitioned into lower power consumption modes as the measured time span since the last command was
issued meets each successive threshold. Following receipt of a new command by the disc drive, the threshold governing transition
in to the next lower power consumption mode is adjusted based upon the measured time span.
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Abstract: Herein is disclosed a nethod and apparatus for controllihd %&2003
consunption of a disc drive in a portable conputer based upon statisti cal
characteristics of recent user disc access. This is aCCOFH/kﬁJa/?ﬂa y a disc
drive that WAPYHSY y instantiates a set of thresholds, each o i ch

govern transition \pppr §GERT RAAN ASHRENICOF PIBCIDRIVEYIe. Next, the
di sc drive neasur€s; ; iMe span Si nce e disc drive was
| ast issued a command. Prior to receipt of a new command by the disc
drive, the disc drive is progre%‘sil sitxei.{\@ﬂﬁ&:}i oned into | ower power
consunpti on nodes as the rreasureﬂe——(lr—n'e-s-pa'n—s'r nce the | ast conmand was

i ssued nmeets eachrifgIgpasdion ecldtdrterird Midc difcs kudvnorg pesicelaglt togh a new conmand

by the disc drive, the threshol verni ransiti I .1 he next

| oner powdr eRnFalHHnd H’ﬁthﬁﬁgﬁlqtglg%eg'ﬁﬁg?%raﬁ%éihee&’ O&Vﬁ%ér?gghmé uﬁ%ggctl}%é;d tine
span. 1 9 DRGy<003 WO 01/15161 PCT/ USOQ/ 23135 | NTELLI GENT PONER
MANAGEMENT OF DI SC DRI'VES Field of the Invention This application rel ates
to hard disc drives and nore particularly to an 5 apparatus and net hod for

intelligently controlling thgg%‘;unqmmwmmnof disc drives.
Background of the Invention

I'e_conputers operate on battery power.
Accordi ngly, the Bortahteicompéters OpqgemP@WWaPOﬁ’GF-t%‘k?P@“kﬁi?hﬂﬁtd@W‘ﬂ‘h Toperate
before its batter t be r ' RV atAPHul Ve tRBarbMe! Of current
which is ¥ra ‘%%%CQD% Ee@%{}?oﬂeﬁ%e%) eetotal ” charge th% battery is
capabl e of stgavérngl byBciaus ef dutrentsvhikhss drawh domshphaaycendghe 98} t abl e
conput er which possesses. t he, capaci.t bR dd tol PMlcder i 0ds of tine
before its ba?f‘fré?é‘e ?{yﬁéaqﬂgl%ﬁg%&%@ %éé%\a}gﬁggﬁﬁgﬁr efﬁ‘ogrtschav_e f ocused
both on 15 ngktee tdmputdd ¥hichipadsessésahampacity te epgratpfoslgpperiogaelitarey, and on
mnimzing the current drawn fromthe battery. S is directly
related to tt’f&f%ﬁ\!ﬁal?age%@‘l? r@‘i]i’f‘rzgg&’88‘(/%(’rpm§8tnesﬂé%ﬂvc@)g&g%gwgﬁlrdrne nt
consunpti o Wl dimbe o 16tal @idrgb artied 8y subleae@i), ynd domeinineizing the wirranh a _
conputer system may be designed to draw | es c(grrent fer 1S battery is
to provide i tdrawn fiom thedatiery %mcwwahﬁtdifﬁ%lwf‘%jatF Q78 YIRS FEFMant 20
subconponent s, s DCORRARES will'BeGbterrddao Riséreliageablyow power
consunpti on sqogtegcog’rg‘ﬁ{lpﬁ%roﬁg%&%% conpl etely. For exanpl e, .a conputer
display may be c@nkivgyireshitina compytessysteal Mgy be desiged to fayless cuppnt,s ¢ 5 cease

draw ng upon Erct]rr? it?@étttexeyrig to provide it with a means for automatically identifying dormant

20  subcomponents, so that those subcomponents might be put in a low power
consumption state or turned off completely. For example, a computer display may
be configured to automatically disable itself, so as to cease drawing upon the battery,
upon discerning that the computer has received no user input for a given period of
time. Disc drives in portable computers may be similarly controlled in order to

25  avoid unnecessarily drawing current from the computer’s battery.

Although a disc drive will generally not be entirely powered down while a
portable computer is operating, it may be commanded to enter progressively lower
power consumption states as time transpires since the last time the drive has been
commanded to undertake an action (such as read or write data). For exgrnple, ifa

30 given amount of time transpires since the drive has executed a command, the drive
may power down some of its control circuitry, thereby entering a low power

consumption state. Assuming even more time transpires without the drive being
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upon di scerning that the conputer has received no user input for a1g§'m 2003
period of time. Disc drives in portable conputers may be simlarly
controlled in order to 25 avoid unnecessarily drawing c m t he .
conputer's Wgtof/_gr] . Al'though a disc drive will generall y%fyt%g ogyé',%ti rely
power ed down il G 1o AR oSLATH! RE ke RSRBbAMY tirh o3l sbig; commanded

to enter progressively |lower power consunption statés as time transpires

si nce the | ashpabilities, tleviog ityieadsts floatehmid-diametee hidreby cnierigrapgke® an acti on
(such as reaq or wite data). For ' 3 ' IPKGs of tine
transpires siWCEPPRE ca?ﬁ“{}‘@g%ré%at%xlélgésgg‘k’gu%é&lfﬁ?r%ﬁ%@ptg) h\é&% five may power
down some of nidyDetsaaéd & toClierranip,tany thetshiedle mptae ntag be nyned dfH\Whe preeise
consunption state. syn ng even re tine transpires w.thout the drive
being 1 1% Benigen %W%i%%ﬁ%%/%%ﬂ%%%‘?ﬁ%ﬁn sead’d%oé undert ake an
operation, thg,fitéeardByd A6sbilabRRY) ¥ atmakter dFkhoitet s servo capabilities,
allowing its heads to float at m d-di apeter, thereb%{l}S ntering an even

| over power consulshpwdbatosrdshat pha Jigs eSS RrETEY P DBn states, the
heads My be.h0fith @hed f it feql@Brogadiichengsnididlcomiieas ramyde tur ned
off. The precise 5 definition of eac% ower consunption state (i.e., what
conmponent s arfdll-ppwercstapesoithat itivald ongeasain Be ehletoggecutedgorpmand) Lengery matter of
choice. It shoul d : : ufh oS owdf potRr BdHsGhStcRsREsessi vel y | ower
power coauosu ‘folv(e)rx?’g’flﬁgtégie%u{ﬁ%ﬁoﬁ?t require pl? o,gfessi v%?ysl onger periods of
time to ret urbeciuse morefsub-tirquisvanst e at-povereds taspindle giotor mehbeveaQ®s n be abl e
to execute a command. Longer 10 re ¢ ARTelat ( L6fed © return
from | ower poEe Wﬁ%f&(ﬁé‘i g 21c%‘gsgﬁ%gé%dégééﬁgée%lgﬁis-tg?a?%lstse nust be
re-powered, tfign8Rirstd.e notor may have to be returned to proper speed,
and because the heads m ght he required to be. unl.oaded. mthe ranmp. In
the past, disc drilyBePppsh %W&ﬁl’%g?fb"h%ﬁ?@%mﬁg%vg %ne%gl eésdl’tgned to 15

transitions i NESsRbRIEETSiYEy1OVE hoRawslisumpticrLumis basedibai s tilmased upon
the tine elapsed since the last ting a co I’lg\l\@? sent 19 t he disc
drive. In suctlapsediiaee thedast {ime a gommagnd wassent Jufap dise, ‘f’iegr?ﬂ‘é’ 28 un with each
command Nat S hhetiroked o el to rufFich b lcbiand Wisot @itheattive.r eshol d.
a correspondi ng state 1s enteréd. This ) ) .

As the timer meets a given threshold, a corresponding state is entered. This

principle is illustrated by FIG. 1. InFIG. 1, three different low current consumption

20 states are shown. While a disc drive is executing commands, it is in a full-power
state. As soon as execution ceases, the timer value meets a first threshold (the
threshold being set at 0 ms), and a first low current consumption state is entered.
Similarly, when the timer value meets the second threshold, a second low current
consumption state is entered. The second low current consumption state requires the

25  disc drive to draw less current from the battery than does the first low current
consumption states, as is indicated by its lower position on the vertical axis. Each
threshold corresponds to entry into a given state, with each successive state requiring
that less current be drawn from the system’s battery. In a conventional disc drive,
these various thresholds are set at static values.

30 Under the conventional scheme of power management just described, it is
likely for an undesirable situation to occur: the disc drive may decide to transition to

a lower current consumption mode just before the host issues a new command to the
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principle is illustrated by FIG 1. In FIG 1, three different 'U?
consunption 20 states are shown. Wile a disc drive is executi ng c m::a 2003

it isinay wer state. As soon as execution cease r val ue
meets a fire J{%{lﬁ{r%gshold (the threshold being set at 0 rré /ﬁﬁﬁ’dﬁgéfl rst

| ow current &QJ‘%%E&A @3 séén@ﬁ& t}iesdri'%éwvﬂr &der theSbmﬂoafrkﬂtcoxvmgpn&model mer val ue
neets the secon reshol d, a second |low current consunption state is
entered. Thearsldharithniediatetyuretuanie fdbpeysrpode i gdateseragruhe @Y t he 25 di sc
drive to draw | B 2‘”Uu%{l'§51r£ﬂlé)5?fetcg§retb’ﬁste§5¥b$kﬁ91'ﬁg%@l? Fhe, kst | ow
current con¥UHP , 'S 1 ndi cated ower position on the
vertical axi ﬁowd:':&mdonsmﬂedexsinaisnioniog inea&;pontdg thedowmcrlgrem persumptpnven st at e,

wi th each succes ive ate re UII’ rawn fromthe
systeni s Pat t&Fy: e"l"ﬂdj ORI o tFeg(Hl SC %llga%éédg#héecglg&&lg}%l gus t hr eshol ds
are set at SteHsiiedialttd@stiond@ ibvadiadut bithe borv@nsungiah seehemre of power
managenent just described, it is likely for an undesirable situation to
occur: the disc drive may decide to transition to a |ower current
consunption node just before theskfmary She€kvantiiv commnd tothe 219
DEC 2003 WD 01/15161 PCTI USOQO 23135 disc drive. In this scenario, the
drive will enter Theandthndeand apnaragistin %Wéﬂ?fﬁf”ltbﬂ‘erﬂs?fém IYFRUHRH Y mredi at el v
return tolo]c u a?é%ﬁ?éntx@é& r&bnetﬁ)mhe} oBfeY¥ '05; @orﬁﬂ%ﬁm@%%er%@ﬂﬁ@i@d@n Two _
undesirabl'e erfects are caused avi ng irst, extra power is
consunmed in of adisi driveri mgommteah@e@monéfatlﬁt}fél qhéﬁ?o@?“sé’ﬁ??féﬁﬁe“‘dﬁ?fékﬁ?ptl on 5
state. Second, . .l/Qypel %(‘B&H@ﬁﬁgdlﬁ'f %%n% fhat 1Q{t1'al\f)elnht§ntﬁ?£ haded, because tine
is consumed %> rahe] out of | ower consunption state.
Summary of t kieeshoMsrhéhof whivh gmmwsmnnl xraq)@enrmmdma PO GPRFEMREONN t h t he
pr esent |nvent| on_sol 0 the aforenept RN r probl ens
by controlli fY BSM tﬁ%ﬁ‘é‘h FsAsures st 4t |%%iﬁ§ﬁ%egs$?ﬁglmconpﬁggpgbased upon

statisticgl chgla8GhRed $Ednebanaf Pﬁﬁﬁefebelpl&ﬂ"ta nelv semmantiysthe difhdrive, s
acconplished by a disc drive that g ?\: instantiate g %s
threshol ds, dhschscEnvoiPESIERVEY Ha”tSF’QPl ipto dower RPW ST LORKMPRINBREF &Y pover

Consur’rpti on ﬁ@ﬂ@asuru?ﬁr‘he sﬁaﬂ%m@@ th€1a8tcbiMan®ERsissasd madts ¢aoh icvedsise t he tinme
span since th Isc drive 15 was |ast issyed a, co nd. Prrllo?({s to receipt

of a new commigesgholdy Folewigg regeiptaf ¢ gew command by the disc drive, the thres
surrounding the measured time span are adjusted based upon the measured time

20 span.
The invention has the benefit of allowing the disc drive to learn the disc

access characteristics of a particular application. Knowledge of that information
permits the thresholds governing transition between power consumption modes to be

dynamically calculated so as to optimize transitions between power consumption

25  modes.
These and various other features as well as advantages which characterize the

present invention will be apparent from a reading of the following detailed

description and a review of the associated drawings.

30 Brief Description of the Drawings

FIG. 1 is a power consumption profile for a disc drive in the prior art.

FIG. 2 depicts an embodiment of a disc drive in accordance with the present

3



the disc drive is progressively transitioned into |ower power consufg iDEC 2003
nodes as the neasured tinme span since the |last command was i ssued neets
each succes&h\gﬁl glhreshol d. Follow ng receipt of a new cpapB&f st he disc
drive, the thresholds surrounding the neasured tinme span are adjusted
based upon the.nRasured tinme 20 span. The invention has the benefit of
allowing the disc drive to |learn the disc access characteristics of a
particular appli cBG. 3ddepisnodimenisehisshoiddetermined based PROA 2 qibabptipr of e

t hreshol ds goevertril'lgger} hgnsiti on between power consunption nodes to be
dynami cal |y ESFEATal%8a S0 as to optim ze transitions between power
consunpti on 25 noEI€s 4 ddfies anothedembndinens ot dissrdrive it ageardange withthe as

advant ages which characterize the present invention will be apparent from
a readi ng’of PIRE FSPFSRi ng detailed description and a review of the
associ at ed dr awi ng. 536pidk b efrieDefpeiaporiseondufted heingpemedsefidiin@sby is a
power consunption profile for . gi SC d{.i ve .in the prior art. FIG 2
depicts an eﬁ‘ﬂ&ﬁpﬂiéerff‘afﬂord&”?ﬁ%@t ¥ P RVAERSr dance with the present 3 1 9
DEC 2003 WO 01/ 15¢l ¢ Rephiétt/Sekakionlodfing hidveedhly it embdd(@s offe sbppit of the a dynami c
threshol d determ ned based upon a distribution of recent idle periods.
FIG 4 depi crsesemsivEionenbodi ment of a disc drive in accordance with the

5 present,jinventi ppy 7%|s}§cts Parfb8Pied of caifiqués Fhich prabatyicas sspearduct ed
during periods of 1dleness by a disc drive in accordance with the present
i nvention. FIHi@ préeatdpientien. a f unction cal ling hierarchy that enbodies one
aspect of the pr (e i : I i s Of

ci rcul ar gueues wﬁ{sdce:'%dgir)rlg%ggédgggfsé%gg}(}::lkﬁg?%‘llftiﬁgdlﬁgégéeﬁﬁfdoﬁlﬁsgﬁl?i on. FIG 8
depi cts a serofedisoibusdreps which permt efficient cal culation of a nmean

FIG. 9 depicts a series of steps which permit efficient calculation of a

15  standard deviation of a distribution.

Detailed Description

A disc drive 100 constructed in accordance with a preferred embodiment of
the present invention is shown in FIG. 2. The disc drive 100 is contained within a
20  portable computer 102. The disc drive 100 contains an embedded microprocessor
104, servo control circuitry 106, and an actuator arm assembly 108. The embedded
microprocessor 104 receives commands from the host microprocessor 110, and
controls the actuator arm assembly 108, via the servo control circuitry 106, in

response to a host command.

25 Assuming, for the sake of illustration, that the host microprocessor 110
issues a write command, this command would be received by the embedded
microprocessor 104. The embedded microprocessor 104 would communicate with
the servo control circuitry 106, which would cause the actuator arm assembly 108 to
move over the proper track location and then write the appropriate data to the disc.

30 Importantly, while an operation is being performed, such as a write operation, the

disc drive consumes full power.



of a distribution. FIG 9 depicts a series of steps which permt erQCBEG‘tZU%
cal culation of a 15 standard deviation of a distribution. Detail

Descriptio dri ve 100 constructed in accordance erred
enbodi nment r\,vé e present invention is shown in FIG 2%%"&8?0 dri ve

100 is contai ned gﬁltéahéh ﬁlcr%%cegsmw %@ngﬁa%{mehqapuﬁﬁeed@&ﬁe@oo ve 100
contai ns an enbedded m croprocessor Z servo control circuitry 106, and

an act uat or anmmemwcqr@@npmenmwaé@acqmwémmw@omereceu ves
commands from.t I P 1-|ilnSpt ﬁ%d c gd%g, Iy actuator arm
assenbl y 108%\0/?’3v h@@"s@%ﬁ%ﬁf@%& {;:(fnr £ fm|¥ln response to a host
command. 25 Assplationgpf afcammaid hewdkver, dfe duSICIdustt H&t m@YltraxtShlam int dBrshlowt

110 : b d
oyt e erecoe v Ao df TR LB AR M 2L

comuni cat e Wb hay trhgitdeR intea eoid lolv poweiehdumptidbDmpoderthetdbywonshnlingause t he
actuator arm assenbly 108 to . over the proper track.locatian and then
wite the apSrodrsapeerdbanivhes “inﬁégﬁff log’ poygt ?ﬁi‘g‘?ﬁ?‘aﬂwg?& \}%F Y5 operati on
i s being per %@ﬁ SESTid1816d YoPS dise dMvie 160 @Flﬁfeﬁi pi08h lotviiRwetldcaSunition Bo@ONSUNES
full power. DEC 2003 V\D 01/ 15161 / USOQO 2 135 Enhedded

i cropr ocessc}‘ircallglla ‘TraRpsheld”p Agliic ‘6"‘ B0 ORI gsétfHFlﬁUlap%B and i o
various pgwe %&Q&%%md&Halmg@?owewbﬁsﬁnﬁl&%@m} de&tﬁ@ﬂn@&eﬁﬁi@c uted, the
disc drive 1 nmust be 1n a ower consunpti on node. Innedlately upon
conpl etion oﬁxaralwwnmnntpomm@ﬂefam@émﬂhfé%’e‘%iﬂq deactivgting hpdvare gt tion in a
first lows ha § gvl}esrld{:gjcto&%gmemptiie fobest Qﬁe&éwﬁgk& prllicust Wsabled I | ain
duration, the R AR Pan5| tion iInt secon oW power
consunpti on made/a(etdmemﬁlnyeddobsdnnemgorde\zesprheqszscqmmﬂ t han when in the
first | ow power c tion de). . The r | e eness for a
di sc drive 100 togg'ﬁggﬁ“s At ggﬁm?mvl\? p%tv(a/etﬁrg%:hgkgﬂ%tf d’e{e%gm basgds called a

"t hreshol g". wporlihe @istibutich cfP&entddiapérivds mrmomtﬁmgmgﬂzaﬁhrekﬂm&h mAIG. power, and

10 therefore be in a certain | ow power. c sunpt] on M nmode, b eactlvatlng
certain 3, two low current consumption modes 200, eplc ed on a cartesian plan

with the x-axis representing period of idleness of the disc drive 100, and the y-axis
representing power or current consumption of the disc drive 100. Low current
consumption mode 202 has been extended as a dashed line so that its intersection

20  with the y-axis may be seen. Since low current consumption mode 202 intersects
the y-axis at a point lower than low current consumption mode 200, a disc drive
operating in low current consumption mode 202 would consume less power than a
disc drive operating in low current consumption mode 200. Accordingly, low
current consumption mode 202 is a lower current consumption mode than low

25  current consumption mode 200.

As illustrated, low current consumption mode 200 begins a time ¢ = 0, and
terminates at time ¢ = threshold, at which point the disc drive would transition to low
current consumption mode 202. Time ¢ = threshold is representative of the period of
idleness (time between commands issued from the host microprocessor 110 to the

30  disc drive 100) required for a transition into low current consumption mode 202 to
occur, and is depicted by the dashed threshold line 204. The threshold 204 is

frequently recalculated, rather than static.



har dware. An inportant consideration with respect to deactivating h Qﬂieﬂm
Is that tinme and power are consuned in the process of reactivati ng

previ ously &Paﬁpég‘ hardware, as will need to be done |%8?@g®é§/ﬁgeserw ce

a comand. illustrates the principle that a thres _

determ ned based 6&&&9&% Qe dx%ssatsrtﬁebaaglg@d?csaéumtﬁ%%thfeglo@d ng@r i ods

surroundi ng a given thres : ow current consunption
modes 200, Zsttabtmodé@ﬁ r@taecbb@blllal disitiusion devived Geve the logt nperiods ok - axi s
represent|i ng el Odlboﬁ termmaq Witile lsct(ﬁ]l@e %Os\gi}sqlrl }%)Y&ﬁc&l}rg& m fi y aX' S
representing’ 7 Uy ren consunpt 1 on Ve

current consmmiptzomdsrlmdme’waonhuasptbemdezokriﬂudn,acaclmfdlwhmws ofe so that
its intersection 20 w ren

consunpt i on AOgRessigSist rh’t“ﬂ?ré@étaée reteﬁg aglx’i’moast or}‘édlﬁ%elssnstmf’%"v\énrg f“han | ow
current consyrmdhoRIN DREHuHE206ds @Incﬁrmnkhstﬂlmuoﬁp/arcatappigmmlatekaw current
consunption npde 202 woul d consune. | ess power tha qﬂa dj sc dlg ve operating
in 1 ow cur r erfstitytenpishs i85t ”dﬁﬁﬂ%dsféﬁﬂenﬁisc AR I NFtriupgR s cOmPIEEE consunpti on
mode 202 is n@42d BRARIoh A DikRBhtAZ208 WheNt
consunption %gm%wksﬁgﬁ Egdtagg{ég; ow cuPrent lcon;;g})t I on node 200
begi ns a ti mmotmat dBtribatich withethersanzet regan and standerdtdeviatidnras gribugion ohhi ch poi nt
the disc drivy tionto lo e 202. Tine
t = thresHol dﬁef l\éqr"é’ﬁ?%‘i;sé)ﬁid F%‘?’eﬁé ¥ gi‘thee#&s(s)ggttd?e%%g#%?hg&? E‘Ylﬁﬁe bet ween
corrmands | ssipod répfe@éﬁti tﬂiepﬂabaﬁhtmlmt mlmrmdeﬁsltcnesﬂdss then thh¢r&Boldi284¢ dri ve 100)

ond | depi conl o HesdtaerBr P A B Ve EOTRHET BN LSRG 204 Too
frequently reagalgybial f6h thathdeis ahh%‘pr&ia&iht)ahatﬁ glveﬁ p&EQ o:femalemlu 1/ 15161

PCT/ USCQ 23135 Di stribution 206 serves as the basis for | ati ng the
t hreshol d 204e lespihgn jt; By @PRIPPIIALREY ‘PI’Q°Sén§:ff®EféUF‘1bF”c%fs %"FP? ? n derived

fromthe |ast g, Reh tﬁétﬁstﬂﬁutlohﬂalna&%é pMJealﬁmymf heéwl efidmkds wvilbsc drive 100

was in |ow current consunp I on or | ow current consunptlon node
202. Herein, leadhmndfe tbm@old)p@ﬂhm@ldamasquw@wegly it gpeint Whaie itén 206 are

Befsﬂ |r gﬂ . |t gna%]é f{h LO88 idd ddvg 168 Py atHbR IR lﬁﬁexldis@ver 4te 9@1%1? to;

nor na Istribution apprOX|nates
immediately receive a command and have to retum to full power mode to service

that command. The threshold 204 is dynamic because the sample periods of idleness
20  making up the distribution 206 (the last » periods of idleness falling in low current

consumption modes 200, 202) change as the host microprocessor 110 issues

commands to the disc drive 100. Because distribution 206 changes as the host

microprocessor issues commands, the threshold 204 will also change. Values for x

and n should be determined empirically to yield maximum performance. However,
25  reasonable values are n = 30 periods of idleness, and x = 90%.

Because threshold 204 is based upon distribution 206, it is dependent upon
each of the n samples within the distribution 206. Due to that dependency, the
threshold 204 might be unduly influenced by an outlying sample, resulting in a
threshold value that is extremely high or extremely low. To guard against this, a

30  maximum threshold value 210 and a minimum threshold value 208 are imposed. If
the calculated threshold 204 falls beneath the minimum threshold value 208, the

minimum threshold value 208 will supplant the calculated value. Similarly, if the
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distribution of the last n periods of idleness. A nornal distributigid@ 003
conpletely determ ned by the nean, 4, and the standard devi ation 1 2003
Distributl s the normal distribution with the sa d
standard d gglg(l)gr% as the distribution of 10 the last n g@h o@slg

i dl eness. @%%Qs{xﬁgzﬁﬁﬁssdbb@ét‘ﬁ@ﬁﬁmﬁﬁﬁ%tbﬂghom valiesh10i heit i on 206
ro

represents the that a period i dl eness | ess than the
t hreshol d 2omaxmmthmm1d valtwémevlu euseﬂNbPIGWrOéWGPEU12@¢VM be det er ni ned

oY bt T 1v % g E1G A fystREL o AipofhicP S Ues B In hedBlaaldSfifh dnd 20 X0

probability that rven erlo ess than it. By
appropri at el ysmhﬁmsmmgtha p(dsm invemtivar Thé ccmmmk éOWrEIGd%pqssesaeSal dl eness in

the distribution) and t robabi | i t hat | eness wll be
| ess t han %t h&JfR r8§‘ﬁ§ﬂr 6WF’I‘i‘éQ?nWP%m?1a6ﬁsd‘Xthase 58 810 aﬁrﬁg%gi%h/bﬁet at a point
where it is emiBbdde@wthinfiiad dischiivel 1 @0C ldxeuemaecrﬂed)mmé;imdemnmmmeﬁacent o a | ower

power state 202, only to immediately icr&iel ve a command and have to return
to full powervithdbrdisc302cieadingeand prtipe BHAIAIF The t hreshol d 204 is dynamic

because the sanpl e,RegifRHs! 18ferd SIRRRES akledid@t si0thelPmbddded]i St I butl on 206
(the last n periods of idleness falli n%ysn | ow current consu | on nodes

200, 202) charigropragessdid 04idtost Inferfpcsiavse s BradiWrteilaysr 206, andoyemiededs™ t o t he
disc drivg 104s BROFUS fdhatd {g&é? 4b4 %dl%pﬁmﬁﬂﬁﬁgﬁglﬁfﬁmF Iﬂ%mhﬁegﬁost

m cr opr ocessor i Ssues conman he threshold 204 w al so change. Val ues
for x and n mibopmodeske 14t Eherﬂqsélnteefﬁ?n lpyer 304 spmumyinigates With#hei num

per f or mance. f idl eness,
and x = 90% lgowrg%la?'?{?géﬁ%ﬁgﬁ%hg %{)ase x([;/’,'odrizf aélxogt?? ?E{l}!toﬁgflthg% it is

dependent upalisc tebehidassetl hFheRendMite faywwi I0h commbaicatésswith theiBérvmlagd 6. Du eto

t hat depende the. t.hreshold 204 m.

out | yi ng sarrgq%é ingtRycting i} %dopﬁpgysqamo&xﬁ%fhaptﬁe ct&'al(' ﬁ% ukli léclﬂ%)g%l?’g’rrr@[ y high or
extrenel yid 0w serPicdiha talreddenifdnd! Rinslly, ﬂueS@rvB’@aybeﬂmﬁtbrraashﬁh thesalale 210 and
a mninmumthreshol d value 208 are inpose |f the calculated threshold
204 falls berrenire] cirpritryd 06 (howinimFES | HEWO&CQPH}PE}éh BeE0e [ ANHPTHME hr eshol d

val ue 208 wi | qsddRtta the calculated value. Simlarly, if the 6 1 9 DEC
2003 WD 01/ 15161 PCT/ US00/ 23135 cal cul ated threshold 204 falls above the
maxi mum t hr eshol d Firmiwaes that @ffectsthe thrashaldrpdiysirpent dosetikpd \pathgefersnes 9 | | be used

in place of tﬁ% 5 %e?&fésao%‘%ﬁe éﬁ‘?de&'cfed microprocessor 104 within the Host Interface layer

20 304. Individual electronic modules could embody the invention in a manner
analogous to its expression through the firmware operating on the embedded
microprocessor 104, Whether the invention be embodied in firmware or hardware,
the flowcharts and function calling hierarchies of FIGS. 5, 6, 7, 8, and 9 depict its
operation.

25 FIG. 5 is a flowchart of an idle processing loop 400 that is executed by the
embedded microprocessor 104 during periods of disc drive 100 idleness. The idle
processing loop 400 is entered upon the completion of servicing a command issued
to the disc drive 100, as is depicted by the conditional operation 402. The idle
processing loop 400 is exited upon issuance of a command to the disc drive 100 by

30  the host microprocessor 110.

In general idle processing operation 404, the embedded microprocessor

performs various forms of general disc drive maintenance. An example of disc drive
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FIG 4 illustrates a conputer 300 designed in accordance with one 2003
enbodi nent of the present invention. The conputer 300 of FIG 4 posgésggg’

a 5 mcro r 110 whi ch communi cates with a second,m essor

104 errbeddggé;\_i}vl9 I'n the disc drive 100. The enbedded m c?ﬁo’rﬁ%@gg’g%r 104
interfaces wthelhe WHiSfis B frmbERGeRTalane piotdsting Gpeikition 4bhRlogtithe Thr ee
different layers of firmware are resident on the enbedded nicroprocessor
104: Host | niseanhimgef fliayssetondar, thepuappsoef identifyppbaddiesks. JiRpnsepplstiptyyer 10

308. The Host .l nt C 304N ARdL S5 ggpgggéa% iRélligngdviepd fromthe

host m croprc?(g esns?%lrifd%l‘g?éegr%goﬁostol ntérfage ayer %%041%'8rmuni cates with

t he Read/ W inaagemeer (IBdPortertiom4®6: uct t he Read/ Wite |ayer 306 as to the

| ocation of the i to be r ' :
comuni cat’es Wit h?ri ]‘rs?gd @’eefa\?lc?n ?lgbggﬁ%tgggfcglﬁrgﬁﬁ %{oﬂ%&uﬁtk@é%ﬁ%ﬁgs physi cal
posi tion thatimfefiRldeatepriforimed OS fiinaiohs parfermet tereteinclide: updatieg virawkr t he

current command. Fipally, .t ervo | ayer. 3 | nt er,act ith the servo
control ci rClﬂuF‘l‘eﬁ"_fLEBgtt‘gI’i‘@Wg%Pﬁt%lﬁt"f%n?déoggi(l:egﬁ%lr?lgann%\\%eng t he actuat or
armto the dggifBsch 4aGHeh@Reshbid(RvpERAS biitllerdsé amioandiletht thrakdld), d

adj ustment described wth reference to .FI.G f o&eer at ei:?gan thﬁ enbedded

m cr opr ocess s disgusses wifh referenes tRELG 3 intalizatjen.of thg eucspeplogiation pLihe \ i gy a

el ect T oni g, Mgth &ty oA oRITRANE. 1R haNRHAIED showdin/TERe er@IFIGOUS 10 i s
expression through the firmwvare operating on the enbedded m croprocessor
104. Wet her 6 HépanrompletionofBRMentradancA96; Gentrelisnpsted thidleimebsle, the
flowcharts and f nrtlzadson calling hierarchies of FIGS. 5, 6, 7, 8, and 9

depict its o‘f? PPation: 25 FIG 5 is a flowchart of an idle processing |oop
400 that is executletldymd qery apetatioltd0s, thi curopt duativn of idiapassdigompgreger i ods of

disc drive 100 jdleness. .The.idle pr. j | d upon the
conpl eti on ofagg’élft\}b%tgﬁéh%d 1@8‘?*’"?&%“@%&@%gﬁostlthgg?#u%g‘%f%c 3%%\9%@8& as is
depi ct eddb:V t 6deC ot bdr&ﬂ?ihle@nﬁtiat isgnaté%ﬁn fﬁg_efoteuhdeat_iorpd tilmghglﬂng?)loooE 4g0

i s exited upon issuance of_ a command.to .the.dise.driv t he host
mi cr opr ocessoFangiign operatigr AL} ‘éFmgrgiénf)bﬁélésg gp%egﬁ)g 6%?%1:88%694’32,%% he enbedded
M Cr Opr 0CESS Ofiexy OGS QireR: c&%ingﬁkﬁnﬁ&feﬂﬂﬁﬁtheemeﬂ&hd,dlhé@ndﬂitiidde mai nt enance.

An exanple of disc drive 7 1 DEC 2003 . o
duration does not exceed the aforementioned threshold, the drive remains in its

present current consumption mode. In either case, the idle processing loop 400 is
20 iterated until a new command is issued to the disc drive 100 by the host
microprocessor 110.

To summarize, the idle processing loop 400 is executed while the disc drive
is idle (not executing a command issued by the host microprocessor 110). Assuming
the host microprocessor issues many commands in rapid succession, many

25  commands may be executed before the idle processing loop is re-entered. Because
the dynamic threshold values are computed within IPM operation 406, threshold
values may not be recalculated after each command. Rather, a new threshold value
will be computed when the drive has been idle long enough for the IPM operation
406 to be executed. The new threshold value being computed will be based upon the

30  last n periods of idleness surrounding the threshold to be computed. Accordingly,
rather than the distribution 206 made up of the last » periods of idleness simply

having one new sample period of idleness in it when a new threshold is calculated, it

8



WD 01/ 15161 PCTI USOQ' 23135 mai nt enance which is performed in generfa@ DBEC 2003
processi ng operation 404 is off-line scanning of disc sectors for the
purpose of {depisidyi ng bad bl ocks. Upon conpletion of gg{}%gdmilgge
processi ng operation 404, control is passed to intelligent power

nmanagenent ( kRYhaRRehidhy &% fi6samplelparid 3K ARAESR] WikkReid @ Gepredbrts 1€ t he
necessary steps for calculation of the various thresholds are perforned.

The functi ongupbsrPbperEandasaied (snddhereiere thepyabrriny perade af ienesjueues of
length n whi %Qléééhpsiﬁc%e'lésﬂim@IWBP&%n%ﬁ\vgéé&%&?téd.fe' evant to the
calculation of a given threshold (the periods of idleness surrounding the
threshol d), as dFié:Gsidustiated thyfunetfonrcaltinghiergroby of he IRM op¢rationA86i on of t he
gueues; cal cul ation. e ri re | PM operation
20615 shawn MR IPEC 86 a4 B bR RE R Sl AR K5 b | T

oper ati on 40@mbedied byod Perforr FRM dighction $08| the purpese @liwhigh isap ealatlatonewl08. | n

idle time query,operation 408, the current. durgti of .idl eness is

conpar ed agi?’g@?ﬁtvﬁ@ei b e RgP ﬁc?'gaffm?’%n ({egy?' r%’ﬁsﬁ? %Qif%nﬁtllonn?ageqehe next | ower

current consuwiin tBeIPM bpeiatida 406 fs thid8pdaterQuends furdtien S02r dhe operatongf eat er t han

the aforenentioned threshold, transition og{era{ﬁi&g %10 imgt red, and the
re c

di sc drive 1@er YrdateQneugsdinsHerSY2fep beshbe undersiood with refqrener nsunpt i on

node. |f,00n the pid16lgehiald setloh@rculdr §iAEs 600 602, 6bdridhife MRRGINEPHy eXCeed
the aforenentioned threshold, the drive remains in its present current

consunpt i on AsdéndateQuenesiictiems®. There exigh engfitselassenyfor easp taesolds 20
| terated unt 'éac}gaigﬁtﬁer@féﬂmméz? 60554 5 d1otsG0b. "EacHlicRGuIAl GuM 6bB%0Ry the host

m cropr ocessor summarize, the idle processing loop 400 is executed
whil e the di $04 irisedeto sfose 4 st of idlmperiods thetsurroupda coneapending threshodd. by t he host

m cr opr ocess 110) sum n o} L C LsSues many
conmands in %8?%gstsgg?gasgy%lnﬁgmrlr%pn@eg%g%sg@%{%‘%g%g%gﬁ%gggérgb?ut ed before the
i dl e procsssistgoundiap aighren threahdlérae discisedatithacfetche tdYHABL df thtreesvol d val ues
are conputed wthin, | PMoperatiaq 6,. thres . val ue not be

recal cul at ed SPYBF gglglaﬁr@glﬁﬂﬁ%&_tgﬁﬂigﬁfgfﬁ?p‘ﬁm}%z% @ﬁf‘ésg?#:ﬂ"@’ %g%ﬁge ©will be
conput ed wherriGhs) 1k kevees Bothe BaTol dbteeminaipg thresholls deived heminRbmplper at i on
406 to be executed. The new threshal d val ue bei n%cqmu{oﬁg@ni%%ﬂabe based

upon the 30 PgEedsKfidlanpsscrachfamiplaRered el ISR G~ 'Ra S to be
conputed. Ac &P ﬁﬁi 'n@ﬂ)‘tsyare filled consecutively until all # slots are filled, at which point the

20 first slot is again used for storage.

The periods of idleness which are stored in the slots 606 are derived from
entries stored in a circular command queue 608 maintained within the Host Interface
layer 304. Each command received by the Host Interface layer 304 from the host
microprocessor 110 is stored in a slot 610 in the circular command queue, along

25  with a timestamp signifying the time at which the command was received. By
subtracting consecutive timestamps stored in the circular command queue 608,
periods of idleness can be determined for storage in a slot 606 within a circular
queue 600, 602, 604 maintained by the Update Queues function 502. After a period
of idleness is determined via subtraction of timestamps, the Update Queues function

30 502 determines which thresholds bound that period of idleness, and thereafter
commands the Add Delay to Queue function 506 to add the given period of idleness
to the circular queues 600, 602, 604 corresponding to those thresholds. For the sake
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rat her than the distribution 206 nade up of the last n periods of ifllgelb%tszum
sinmply having one new sanple period of idleness in it when a new

threshol d i lated, it 8 1 9 DEC 2003 WO 01/15161 P 35 may

have as rran@oggls ‘Hn_ew sanpl e periods of idleness, wherei gﬁ&%g/ﬁ g%_ents t he
nunber of cogpmigdsihshb epkriRAYf B A8 RIS 14 QBcudYiREsn S6, RET1OES. of i dl eness
col l ected) since the last tine | PMoperation 406 was executed. FIG 6

i || ustrates eifeassumecthatahe thrgshiolds dherrinsrg dynppigrathehidan siaficofagiittnon 406 5

i ntroduced in_ Fl.Gc. § | Qe . jjon 406 may

be enbodi edp%rgodgf HZ?HF %r%vrﬁg%gl\t?ﬁvuﬁlgﬁbc‘yn S%t,%o?%gl p%{;}r?sﬁlgggb ,gga?‘;xgﬂidg histo

cal cul at e newfidiehess siooldde added ésthb eismithr gpaues coarpspondiogtimahold é2hmlys. The

first functign lLlLed within th PM rati.on. 406 i s, the date Queues
function 3028“?%“338‘?‘%%%5}?&3?5%0@?1%0 8%%?%& dé’ﬁledgm Sﬁh?P?Qﬁd%%Z can best be
under st ood WQubues GifneficiBoe wild chrhitandthe A@d Beley to Quedepivattdbna06 eiaddfio i r cul ar
gueues 600, 602, 604 which are i ntajned.b t he .Updat eues function
502. There efF PLOPHAL CEFYEFNEHS @Ee@g @greacé‘a%ﬂletkﬁfﬂ%‘ﬁ(?? Hﬁen%ach circul ar
queue 600, 6Q@htaifdd¥n BRZirbul& commakidEueudFUBWIGEN Wtk Bbt camteiied Akt 602, 604 is
used to store a set of idle periods that surround a correspondi ng

threshol d.  EaYR 688 e lasigngthe Hpdats Queves fupgton S0 tatereriedysed to store a

recent idhe peri ogncRinsdt HOHOPMGpefatiDh ¥66lis kAL e cidtlafifatierd Wi th
reference to FIG 3. If there are n slots in a given circul ar queue, then

‘the di stri bub0%602a®npdivsingspdbe poreble pemmiterd02 This operagon Byperfonedser ves as
the basis fop, GRURHM RN dhoklf Sahaleds idofifishiAth ddRiifuRAp] ©  DOriods of
K Sanpl e period of i

i dl eness, eacC dl'eness being stored in a slot 606. Each
of the n sl otlseshold vhiutd 246 ic ek dlotUG0i6 wE tagh gimtuldr quduk 604, dhentby ensuang i | | ed, at

whi ch point th first slot.i.s _again u for.storage. .Th eriods of
i dl eness whi @W?Qf&eﬂ%&sé’&glf]ﬁ% qlﬁlémglag]tugl véﬁlggtzg ggw e rhl%/hgg%f: T 1”%"%nt ries
stored insa ihegthe portabRBIRDGeO102Uepd@fedupi Nt ai ned within the Host
Interface |ayer 304. Each co recej ved t he _Host terface | ayer
304 fromthe hOStRetWEﬁgé%FE‘bé;g%&gilﬂﬁe &gregpﬁf%ﬁc"loﬂ Sgp'é!c@’iea@%@'tﬁ% t he
circular CONRALle QIS fundlidd 502 B&s odinbleted ckdcisit arkp CaicGiaieMhidiRbld he tine at
whi ch the command was received. By subtracting consecutive timestanps

stored in thdunetioncidayill selemieie the gg@s@}@ldgquipd for governing transition of the disc
drive 100 into the next lower current consumption mode. As discussed with

20 reference to FIG. 3, the threshold value will be determined based upon the desired
probability that a period of idleness fall beneath the threshold, and will also be
determined based upon the mean and standard deviation of the distribution 206
surrounding the threshold. The Calculate Threshold function 504 obtains the mean
of the distribution surrounding the threshold of interest by calling the Calculate

25  Mean function 508. The operation of the Calculate Mean function 508 is illustrated
by FIG. 8.

FIG. 8 depicts the operation of the Calculate Mean function 508. The
purpose of this function is to calculate the mean of the distribution surrounding the
threshold under consideration. In one embodiment, the Calculate Mean function 508

30  accomplishes this task by summing together each of the n sample periods of idleness
contained in the circular queue 600, 602, 604 corresponding to the threshold under

consideration, and then dividing by n:
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periods of idleness can be determned for storage in a slot 606 wt éﬂcﬁke
circular queue 600, 602, 604 maintained by the Update Queues funct 2003
502. After d of idleness is determned via subtr

ti rrestarrps,"a(t)ﬁg{5 pdat e Queues function 30 502 determ nesgﬁmg‘ﬂngﬁ? eshol ds
bound that period of idleness, thQr_eafo]qr commands the Add Delay to
Queue function 506 to add the gi ve[n petiod” idleness to the circular
gueues 600, ﬁmar,emﬁ%pﬁmhfsenqaﬁm;ﬂ@pte@ertté@&ﬁxptehfeﬂsmmldlsnesFaﬁdh he sake 9 1 9
DEC 2003 WD 01/ 1516 PCT/ USOO/ 313 léﬁtrat rfﬁshe oper tion of the
Add Del ay t oTOXfSENLS LGl ERbE 94 samp ?@P"?So"f @essf“‘ t'a‘g%*aﬂ% % hat the

t hreshol ds tl@ﬁf&hﬂln?&@ HEhY4hBIAI oF irftéésh Elh ah AREMAE @hbddimérk, dRpigied gIFIGPEr i 0d Of
idleness were to fall within | ow current consunption state #2, that period

of idl eneds H#otlif mepkis memeeiiigentlyifalcglated InfIGf, dypssunsd thafaswi ng t hreshol d
#2 and 5 thrg@ﬁtﬁk gfi%?bnéés AR Jdﬁ&ﬁt@tﬂemr&ﬁﬁ}qllu% mtm éda%n&ssﬁAdg% Bl ay to

i dl eness. Update Queues function command t he

Queue functi c&wt&@@ot@ndercton@dermnapﬂw&fndﬁtawe@s ﬁmtmsqaué"heefﬁ@m 602, 604
each of the i i nd queue
505 whi ch e S (0 2P RER e SRR i ol el Plock BT (ot o
Queues funct |operatﬁiﬂ§tmm caxtecfitherdsamplE periedswd idhensss nodkintghp thePM operation 406

is toinitiali ci.rqu es 60 04 u rlng up the
port abl e 180n‘8lffrg’lu “irbZI"Steﬁai ti‘ f‘)%f’ﬁt{? %ﬁam iple peri $ drfr‘r@?flessrfse‘f‘ P¢alize I PM
function 514 madeep the dacbatig ik akads bs{amhg)pmmgfrdsmmhiﬂhmnekdﬂﬂﬁsd‘mip[é val ues 210
in each slot 606 of each c¢iycular queue 6Q4, therggg ensur i n that all

t hr eshol ds b&i9ds 8F idfeness Wil B FURIRASS2F 15, Opgrafion JH0. in PReration é’?’f ormance 15
when the por tighl RwCanphefiods 8Ridichesd @MRALAM tbihe dIfRIAENDBEu®in™! G 6, the

Cal cul ate Threshold function 504 is called after the Update Queues

functi on 502 opgaticndAp Nexdnereatinn 784, thersy qeleplated i @WPE%%‘F&OWF‘UMU on
504 will galg $xﬁér%o£'ilﬁ¥]&th&€1§fa91k&lat§b%%@ﬁﬂ nfedh indRY b ?ﬁs tm@g%&e& vaR of the
disc drive 0 I nt e next | ower current consu I on de. As discussed
with 20 ref ertlasnwél heoused &th@startlmonﬂﬂmtﬂtldﬂmfh@nwumeB@f@mtlerlm ned based
upon the desir abl | ]t r I f neat h the

t hreshol d, anﬁte{ﬁld H:"mﬁ?l er&(ﬁ%’?@é rrﬂ?engg ase%gldog’egpﬁr?onze%hsgn st andard
devi ati on of i speraios 704 1buit¢gaﬂd12ﬂ6d by n so as to yield the integer portion of the mean

of the distribution.

20 As mentioned above, The Calculate Threshold function 504 must also
calculate the standard deviation of the distribution surrounding the threshold of
interest. This may be done by calling another function to perform the standard
deviation calculation. In FIG. 6, the standard deviation calculation is performed by
the Calculate Standard Deviation function 510, the operation of which is illustrated

25  inFIG. 9.

In one embodiment, a standard deviation of a distribution is computed by
calculating the difference between the old, or previous, variance multiplied by the
size of the circular queue 600, 602, 604 and the square of the old, or previous,
periods of idleness, adding the square of the new periods of idleness, adding the

30  product of the size of the circular queue 600, 602, 604 and the difference between
the old, or previous, squared mean value and the new squared mean value, and

taking the square root of the result:
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surroundi ng the threshold. The Cal cul ate Threshold function 504 obiey’o C
the mean of the distribution surrounding the threshold of interes @t 2003
cal ling thgy&sy ate 25 Mean function 508. The operatio e Calcul ate
Mean function é%gdli s illustrated by FIG 8. FIG 8 depi g@?"h&”&"’per ation

of the Calculate Mean fungtion:508.,:The, p Se gfwzthis function is to

cal cul ate the nean of the di s{&r"fdbutxl on Ighr%gﬁjﬁﬁwg;t he threshold under
consideration. In one enbodi ment, the Cal cul ate Mean function 508 30
acconpl i shes _this task by summ t oget her each of.the n_s | e periods of

i dl eness coWﬁ’%{F ﬁéﬁ’rFSﬁ"tf‘ﬁ’éS@P%{]geé’faggﬁécuéep@%’% B _,p%‘@gf%’gﬁg%é’pondi ng to

the threshol ¢ uRGLents@ARW pEEIPIriAEhes2 NG, i§ 18 B1adhéah FhIRE DY isthe b 1 9 DEC

2003 WO 01/15161 PCT/ US00/ 23135 g_[x, +xZ+...x"]/n, wherein g represents

t he nmean, 5x; meapradusesnda rapressats the size of g cisguldr gnens 689, 602,@4.nJustasir esent s t he
total nunber ,qf I | e i | SLG I: 206
sur roundi ng Eh%ec atﬁ ﬂfrggs %ﬁggﬁggglﬁgt@%#téglfl&ﬂﬁégncggfﬂtg %rt%zft?atéldéérgg%\}d@%nt,
depi ct ed i n Mg a Hidnurh nember@fiopesations. dn 1G.i9% it érdsswned dlat bhew patiodd n FI G 8,
it is assumed..that k ne eriads of |dl re added to.the circul ar
queue 600, 68f2‘,dggﬁiw rgra\ﬁl%egg%%ic%ulifrgueuteﬁg&’f@?’eggﬁS?IBESE S8 2 Whsi deration by
the Update Qigdshold hndet torsiderafich bytheUpdatd Quecadd fundiiof 665 SAA eficies! cul ating t he
mean circunmvents tFe necessity of 1p,er,fo m ng,n %ddition operations to sum
each of tifie MeHAT @iyRfPgEYLargprd;dg léﬁlﬂé’é{f_ PR g Cu CURBEIESS B st ri but i on.

I nst ead, thercitinglthd g pSAIR bEhP driafetofefe # AmBRPESoR MRS Y havi ng
made up the distribution is used as a starting point, fromwhich the k

ol dest sanpl Brevigusly bayinegpade gp Edistribption (threvaganse pbr digibripndtidon i n

operati on 70Qy.alefbr AP G dQMvifim) and éh K] yﬁlgﬁﬂgdggl, ﬁﬁgg(a?éasay%mé&l eness are

added to the difference produce?zl' In opera%\tl.o. ‘ , I'n_operation 704,
t he sum cal copemtiod 81¢ Bpendensiandhthis@perationstl@yigts imp@Gtaprtompdinat the al | ow
efficient,.ca £ . | Ltk Ses b ed val ue
hat w111 o and e Bleu s ST bl Sl fehoohl bEuBitathll 26 L P
function is oftht diseitiitionFesabid frym divilingabe aum ofivadtOd thetrh@nstinencaingsiyat ed i n
operation 702 and. stored in operation 704 is integer divided by n so as
to yield th en,irﬂ?agrélgﬁhabﬁxfﬁtgﬂ stggs%fzﬂ Janance may ac a'lly E)e 9 gactlona numger.

In the first addition operation 820, the previous remainder of the variance calculation

is added to the variance value. In the first subtraction operation 830, the square of
20  the previous k periods of idleness are subtracted from the quantity resulting from
operation 820, and the result and control is passed to the second addition operation
840. In addition operation 840, the square of the new % periods of idleness are added
to the result of the previous operation 830. Within the third addition operation 850
the previous mean value is squared, then multiplied by » and then added to the result
25  of'the previous addition operation 840. Control is passed to the second subtraction
operation 860. In the second subtraction operation 860, the new mean value is
squared then multiplied by », and the result is subtracted from the result of the
previous operation 850. In the division operation 870, the value produced in
operation 860 is divided by n. Next the store operation 880 is initiated and therein
30  the new integer variance and remainder are stored in memory. Finally, the square
root operation 890 is initiated, which includes performing an integer square root
operation upon the new variance value, thereby yielding the desired integer standard
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of the distribution. 20 As nentioned above, The Cal cul ate Threshol iig DEC 2003 °
function 504 nust also calculate the standard deviation of the -
distributio unding the threshold of interest. Thi one hy
calling ano\gﬂéwgf"ﬁncti on to performthe standard devi at ?Sﬁhg"é’{ag'ﬁ ation.
In FIG 6, theisigndard deviation calculation is performed by the

Cal cul ate Standard Deviation function 510, the operation of which is
illustrated 25 iRetEniag tOFIG. &, ense the/Halsylatpethreshold dingtiontd hﬂ%@/‘f‘“’&?ﬁon of a

di stribution_js_ conput Fpleec 1of fiSh £ shrfun@en the ol d,
or previous, “?Fﬁﬁ’&‘%@%‘ Tru etq?{?)apﬁgédg ydg{dhdea%ag(ithgogq{gfd;ﬁ\lgﬁgi ?cul ar ﬂ%ueue 600,
602, 604 and thdhrestmlian de oflculdied, tlediresholdpraby itsalfmay finatly bejealadatsdd| eness,
addi ng the square of tE??m ew periods of idleness, adding the 30 product of
the size of tR¥ICPILEF E]ﬂ‘eue 600, 602, 604 and the difference between
the old, or previous, squared nmeanp+al () apd the new squared nean val ue,

and taking the square root of the result: 11.1 9 200 01/ 15161
anew = ((72olvwhergind wm@semsﬁhfk‘lmeﬁhd%{e&ﬁvg t°2my&%f“%m%135 where a
represents t e, okA00 36 HENatpirdh o dble bR BRAM te Abkial frobatiliy thaok

i dl eness, xK+, represents a new period of i1dleness, 4 s the old nean

i 40l
val ue, p W i petibbofiidipness fall heneothithethreshodl. nThe dableEum which gep) ds logkegfp ¢ he
circul ar uege 600, 602, 604. Just as in the Cal cul ate Mean Function 508,
it is desitadP%% calculate the standard deviation using a minimm

nunber of operafTong TN FIG Z@) it i|s aspumed that #phew periods of
i dl eness were added to t it cular—gquede—6061602—604-corresponding to
the threshold und&®conki &e’lzﬁ%‘ﬂgzg by th8’76pd e 6@5%%7%uncti on 502. An
efficient io manmery3x— TR C537481% a |st aodar d [deveo.aragezosdepijcted in FIG 9
commences by retrievinglthe integer lnportion ' of the n
sanmpl e periods df iG87%enefs 1.880&8856%sIly hAVEng |mad® 354 dilstri bution
(the variance ofia—distrbttgmptsTte—gugyare Ol gkiR®ega3dnNdar d devi ation)
and then mul ti pllyi rpggqt Jyﬂn’{s‘dﬁq%lst riat eg' Ey retrieval operfation 810. To
understand this [Opaggs | o) 81644853 | S [i npOr7Dant | t 00.6244€1803at [t he 15
vari ance which ils_retrieved is _an.int e ' i e act ual
statistical varilanc®94 1.554772098 & 3554438

0.93 1.475791578 0.68 0.467698555

0.92 1.405073817 0.67 0.439913492

0.91 1.340754352 0.66 0.412462668

0.90 1.281550794 0.65 0.385321073

0.89 1.226528639 0.64 0.358459147

0.88 1.174987574 - 0.63 0.331854153

0.87 1.126390998 0.62 0.30548108

0.86 1.080320544 0.61 0.279319465

0.85 1.036432877 0.60 0.25334657

0.84 0.994457423 0.59 0.227545343

0.83 0.954164534 0.58 0.201894181

0.82 0.91536549 0.57 0.17637376

0.81 0.877896582 0.56 0.150969299

0.80 0.841621386 0.55 0.125661472
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of the distribution results fromdividing the sumof each of the n 19 DEC 2003
constituent terns by n, nmeaning that the actual statistical variance nmay
actual |y bewgofrisagiti onal nunber. In the first addition opef@dneizS320, the
previ ous renai nder of the variance calculation is added to the variance

val ue. I n the fjrsp7subtfraggosienier ati d54330, t 0el0g4a3a2e of 20 the

previous k perijpds of iql eness AF%MW ity resulting
from operation 820078nd |t h877E8E¥ and b rol| | SYPA&EH¥ t 0|t he second
addi tion oper at Fong58407 T 738kdE3 10T | OPey $% 1 o B4 bsois@ssauar e of the new
k periods of id] enéss arle added to the resultl of the previgus operation
830. Wthin thel thdmd addi 07@6’30@21@ ati or0.850 th@0@25@69(1&§s mean val ue is
squared, then nptipli-e apa—ther—adged—to—the—testt+—25 of the

previ ous additipn 8B§rat|oﬂ6§44%w nfroli's passed to the se¢cond

subtraction operation 860. I'n the second subtraction operation 860, the
new nean value is_squared then nultiplied % and thg@refult S

subtract ed from t hesuymgsagize °’éﬁen’ttﬁ@m°5tr%f\9}iecﬂ5%se bxév,egtgqnoﬁmg n the division
operation 87 LS oRERHESEE d disc dBRE(sBdH £10BGR 2 bsrtabledogPatedy N. Next
the store opgré{opglﬁ\f)g |os uq%ltlat ed cand gsherel n®30ab he nevc\)/dl?nfeger

vari ance and (suelmes m)glpasggr@ogstgms@gahchar%ﬁags of peppy psy dise pRECEIRAPE 1 oot
operati on ;890 ;5. i) eS( n?%th WG a&glﬁ%@%ﬂﬁ’xﬁﬁ;{lg&%‘fﬁﬂesﬁ&déﬁt eger square

r oot operatlon up ew var I &nce. val ue, thereby yielding the desired
i nt eger st andratadtxeﬂtal &aeﬁ tHDEBo A (30 Beriinie OUAEBivG into alexrtespdnding pPEF/ USO0/ 23135
ReturnlngtoFG 6, once I 4 has
directed t h&OFHPRUTHPY TE}? mfthese(rt:ﬁgt;tﬁ‘le%mﬁg nfag'ﬂg d(;%{\(? dgﬂmg) Dt the

di stributi on niibifduei(eethng 208) ard mbnimsigsudh h:ozmkvaiwd fouetaah msmuh(;ucmr eshol d

val ue itself ma finally be calc t ed S onth a. b=c
Z(p) +, wher ei*h? ’raéﬁﬁﬁgéﬁagh #41&5@?‘?8?883%?%?”5@ uﬁeﬁf)’f’wb ous
t hreshol dyg aNicheh i) sinck BV dBE AAYVS(sich\aa 0 vlamkmbuema (fdhﬁﬂana i$ mbksgedased upon

p, the desired probability that a_ period o eness fall peneath the
t hr eshol d. Tﬂ’éwmwelpﬁ@MW@W%B}WQ‘S?%‘%W}&S 10p, @%‘P-‘f"d%é’? pZ( p) PZ( P)

(such as 100) is transitioned into successively lower power consumption modes, as

the measured time span meets the threshold (such as 204) corresponding to the
power consumption mode to be entered. Following receipt of a new command by

15 the disc drive (such as 100) one threshold is adjusted based upon the measured time
span. The adjustment may be accomplished by consecutively entering the measured
time span between the new command and the last issued command into the circular
queues (such as 600, 602, 604) which bound a given period of idleness, so as to
contain a distribution (such as 206) within a circular queue (such as 600, 602, 604).

20  The current power consumption mode is determined, so that the threshold (such as
204) governing entry into the next lowest power consumption state may be
calculated. The calculation is performed by fitting the measured time spans in the
circular queue (such as 600, 602, 604) corresponding to the threshold governing
entry into the immediately lower power consumption mode to a normal distribution,

25 and then looking up a threshold, from a table, based upon a standard deviation and a
mean which correspond to the normal distribution to which the measured time spans

fit, and based upon a percentage capture value. If, during calculation of a threshold

14



. 992. 3263419280. 740. 64334472 0. 982. 0537481760. 730. 612812983 )

. 971. 8807895690. 720. 582840585 0. 961. 7506863510. 710. 553384325 19 DEC 2003
. 951. 64485%@ Q%Q‘ 524401003 0. 941. 5547720980. 690. 49584969 c1/us0023135

1931, 4757918785 880, 467698555 0. 921. 4050738170, 670. 439913492

. 911. 3407543520,56), 4 hé# 6eaRendis BR3ivaBA&D HEHEE nG50p38E2 1A dBas

. 891. 2265286390. 640. 358459147 0. 881. 1749875740. 630. 331854153

. 871. 12639099®0the ttmeshold agivesmens pasedwigis 2be440. 610. 279319465

- 851.0364328770. gioaodis%%égﬁﬁ Ql@é aSfivtaddidnaiero %@es&?&%ﬁ%éﬁo@ is

. 830. 9541645340. 580. 201894181 0. 820. 915365490. 570. 17637376

. 810. 877896 m82100 560Ut 569682 oSp@sdidosuansitiompsthe 5o drivyeghay 003 1 9 DEC

2003 WO 01/15161 PCT/ / 3 : 16867Q 540, 100433226
o.780.772%g2§éﬂ&?§§6Pé@gggégéééﬁg?%%g7 gﬁé&lléﬁS@é& 50154085

0. 760. 706302 2iimfhatizd aBH25 T6OeBed@edABiorogindsSa I868h abid) iF@perabiyar i ze one
enbodi nent of the, present. i nvention,, a th of nt,rol l.in ower
consunption &Y eddtB§ °%H1V8Pf€%easc°ﬁ&£‘éh ng@ %nggoaseﬁvgrctg gl%(flgg%:dé%%f‘er (such as
102) based up@meet atistical characteristics of recent user disc access nay
be

eoleolojololoNoloNeNe)

It will be clear that the present invention is well adapted to attain the ends
10  and advantages mentioned as well as those inherent therein. While presently
preferred embodiments have been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those

skilled in the art and which are encompassed in the spirit of the invention disclosed

and as defined in the appended claims.
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5 realized by executing the follow ng acts. First, an initial set PfQ C.2
thresholds is instantiated, each threshold governing a transition'i npg a 003
correspondi r .consunption node. The initial set o ds may

be arrived ‘ggoﬁféwéefi ning a mninmm (such as 208) and n%%flpréoﬁé g{ch as

210) val ue fejygpedciRiEDesd (such as 204), and setting each threshold
(such as 204) to its maxi mum val ue. Next, the 10 tinme span since the disc
drive (such as 100) was last issued a command is nmeasured. Prior to

recei pt of a new cogum [oSfowd! dohSuntriidh Br ASiscLld Rk & sc drive
(such as 100) is f’r anspﬁfigér/fec &?Orlllg{ﬁguccé)sgf \Fgll y fOWZ‘I’ po%%eﬁggnsurrpti on
nmodes, as t hatistealsharederisticeofsqant userdiss a¢dass, cdmpaisingaets 8 uch as 204)

corresponding to e r con t] et tered. Foll ow ng
recei pt of a new {agmﬁﬁaglgaggu l"ggaf@%sﬁ’?. v%ac§§l§§5ﬁ§lg§g{l3'éj'ggne t hr eshol d
i s adj usted hasstbnupen cohapomagpower dohsuenptispaode, tivh sactessblepowér nay be
acconpl i shed by consecuti vel nterin thl?t?ﬁrrea ured tinme span between the
new command SARFUIIRRON Hege Ip esﬁB‘?ﬁ'ﬁiﬂH’nit p(SCQF%EgB?"Yeéﬁ?'EPmp ues (such as
600, 602, 604yo4¢hi ch bound a given period of idleness, so as to contain a
di stribution (such as 206) within a circul ar ueueg&such as, 60Q, 602,

604). 20 The cur r EAmsSHEE & SHEVADHE LB SPIGECE e dise kg Wasdast isgiedRat t he

t hreshol d( syghn@ss: 204) governing entry into the next |owest power
consunption state rmy be calculated. The calculation is perforned by
fitting the measufwariol tewecsiphefs ey command by thg Hise diiysetiensitioniagithgs 600, 602,
604) correspagndi t i i L.medi ately
| ower power %f)sﬁgﬂ?r% %oanﬂﬁ%g%hf%agljp%gg %’?‘E‘E‘?@??l"ﬁ’g‘% frl%thné &%%“}gggdtehen | ooki ng
up a t hr esholspan heetsrthathtealslldécortsspoadingiipshe pover eondempliodenddatdten and a  nean
whi ch correspond .to . the normal distribution to which the neasured tine
spans fit, ARSO=&¥d upon a percentage capture value. 1f, during

cal cul atipn of a tdyrreBévahgireddptlof @ nBECNROHE bhediscihive bdfegldSO0 23135
(such as 204), a new command is recei ved fromthe host m croprocessor
(such as 110lreshollebased wrop dedneashredt A nr ocedure is aborted. In a disc
drive (such as 100), an enbedded m croprocessor (such as 104) is wused to
execute firmware resL)onsi ble for transitioning the di ﬁ‘(lz\ﬂdri ve (such as

100) 5 into vari 8uSheweleed el hpthersh arabeomprises aets Phwar e perforns the

st eps  Summar i zed ahOV for edch SrEHDRAREHIE L SHiRRAACAE Sikinfudtedledgndl 04) i s
opera
P y 20 (a)(ii) setting each threshold to its maximum value.

3. The method of claim 1 wherein act (d) comprises acts of:
(d)(@) consecutively entering the measured time span between the new
command and the last issued command into one or more of a set of circular queues,
25  each circular queue associated with a threshold; and

(d)(ii) adjusting one or more thresholds based upon the values in the circular

queue associated with the threshold.

4, The method of claim 3 wherein threshold adjustment is aborted upon

30  reception of a second new command.

5. The method of claim 3 wherein act (d)(ii) comprises acts of:
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coupled to a host mcroprocessor (such as 110) and to servo contriof DEC 2003
circuitry (such as 106). It will be clear that the present invention is

wel | adapt ggobisgdit @i N the ends 10 and advantages nenti Il as
t hose inherent therein. Wiile presently preferred errbodlglr?rg/g?& hl\gge been

described for purm@ﬁa) @éterhiifig 8bERhOSMESptiod YoRErMIecanges my be made
which w | readlléé gest thenselves to those skilled in the art and

whi ch are encorrpa )ﬁalf%mgmtbrp%howfgwmms suBhintoghe mmawdig@lplowennd as
defined in t @Iggg&%qoﬁ:}ngam 15 1 9 DEC 2003 WD 01/15161 PCT/ US00/ 23135
WHAT IS CLAIMED 1S: 1. A method for controlling power consunption of a
di sc drive based upon statistical characteristics of recent user disc

access, cqQnprisi ngh?ff\et etﬁc&ié o) 5 WA TeR Yol @z(ﬁ]gg%fag}ﬁér% %ﬁges 56 of0f

thresholds each res governing a in a correéesponding
power consunpti on(d)@ijd)(i)ef@tihg the ceemsid\tmespausiin the omalargiiewen node requiri ng

mterval s, o commoR r et R FraE AR B kPSS 10’ Command:

(c) prior to comumpfién Bbdedo BawnaOMBEBEdAYaridne di sc drive, transitioning t he

disc drive into a ubsequ | ower cons t| on node as the neasured
tinme span neets X?’K&b&‘?%’l“&“&ﬁﬂ]‘ \é\@n%‘?“h@ ‘?% HRestaEd unpt i on node

to be enjper Qidvxatﬁﬂldm&5 ndefld which bW steid ke HE herinaPistAbIRRY 16 WEIAME by the disc
drive, adjusting a . threshold, based upon the neasured tinme span. 2. The

met hod of cl amafttzed/m@ﬁrwfac%nd(oa&)e (‘:‘B‘?ﬁf’rl?es‘@éta&"(:‘tagmfﬁ“ah{ea)(l) for each
threshol d, defining a m ni num and maxi nrum val ue; and 20 (a)(ii) setting
each threshold to its maxi num val ue. 3. The method of claim 1 wherein act
(d) conprises act g &hapradiysifpr conimelbingpawes Fansemptioniofig dishérivedasadr ed ti me

3pan between Jles iRl SOUIRAM AR AR lRTke LERYSInpRARRN] [ eo one o more

of a set of C
(a) servo control circuitry;

(b) an embedded microprocessor in the disc drive, the embedded
microprocessor receiving commands from a host microprocessor, the embedded
microprocessor operably coupled to the servo control circuitry, and the embedded
processor being programmed to

20 (i) instantiate an initial set of thresholds, each threshold governing a
transition into a corresponding power consumption mode, each subsequent power
consumption mode requiring less power than the preceding power consumption
mode;

(ii) measure, at intervals, a time span since the disc drive was last issued a

25 command;

(iii) prior to receipt of a new command by the disc drive, transition the disc
drive into a subsequent lower power consumption mode as the measured time span
meets the threshold corresponding to the power consumption mode to be entered;
and

30 (iv) following receipt of a new command by the disc drive, adjust a

threshold based upon the measured time span.
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25 each circul ar queue associated with a threshold; and (d)(ii) aﬂ ﬁEtn?ﬂ(B
one or nore threshol ds based upon the values in the circular que

associ at ed Whlbindife threshold. 4. The nethod of claim3 reshol d
adj ustnment 1s ahorted upon 30 reception of a second newwgﬁﬁnﬁ%ﬁﬁgPS The

met hod of claim 38MW@bﬁraﬁgbfcﬂai&l(mwﬁer@@mpemsaﬂe@ﬁﬁ@opaéoessms1 9 DEC 2003
WO 01/ 15161 PCT/ US00/ 23135 (d) ( determ ning a current consunption

power node: &WW‘I‘#‘P)T(SWU%%?%P eﬁlj’ldébb’ﬁf”é‘g * RjOFEMAEAE entry into

the i mediately |g a&qmghof@mgaﬁﬂxﬁﬂmmﬁmém% V416, gkd hod of claim 5
wherein act (d)(il (b) further conprises acts of: (d)(i'1)(b)(i) fitting

the measured ti me(isparesch trashald toiilsquaximumgvde corresponding to the
threshol d ,governing entry into the inmediately |ower power consunption
mode to a normal distributi on; and (d)(ii)(b)(ii) looking up a threshold,
froma table, basEdTlﬂWparatusoiéalwdmﬁdwheﬁdm e vinb¢ddedhmirnupracessoris Whi ch

correspond to the norm i stributi ch t asured ti me spans
fit, and bas@&%ﬂ“”ﬁ%?@gﬂ?é&%@%& @gﬁleﬁgmg %ppar atus for

control | ng pomer(l):emwﬁﬁbﬂpauerfthmeﬁsmd dmw;ﬁntbaﬁeeh thaaa;mc@ﬁraiﬂdstl cal
characteristics of recent user di sc access rising: 15 (a) servo

control ci rc&P‘W’;‘? aszlsﬁueﬁwr@mdﬁgan?ﬁr&%b?%é& Sircylar ‘I“ﬁ‘@anaglb drive, the

enbedded 10" GiOR4QEARTOIAted BCAhNEHOE; ajmBNnds from a host m croprocessor,
t he enmbedded mi cropr ocessor operably coupled to the servo control

circuitry, and t hé)edBstrbershalt brsekuper thsarigs iplsgitaprarerorelrdfq )
instantiate @p thRkoi! set of thresholds, each threshold governing a
transition into a correspondi ng power consunption node, each subsequent
power consunption node requiring |l ess power than the precedi ng power

consunption nodey, (Tcﬁ apE%@E&JJf%lanfi‘% WhieR @ ribed@ed!hilfopriR@or3d NCE the disc

drive was | ast issue
15  programmed to abort threshold adjustment upon reception of a second new

command.

11. The apparatus of claim 9 wherein the embedded microprocessor is
programmed to adjust a threshold by being further programmed to
20 (i) determine the current consumption power state; and
(ii) calculate a threshold governing entry into the immediately lower power

consumption mode.

12. The apparatus of claim 11 wherein the embedded microprocessor is
25  programmed to calculate the threshold by being further programmed to
(i) fit the measured time spans in the circular queue related to a thfeshold
governing entry into the imme&iately lower power consumption mode to a normal
distribution; and
(ii) look up a threshold, from a table, based upon a standard deviation and a
30  mean which correspond to the normal distribution to which the measured time spans

fit, and based upon a percentage capture value.
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(iii) prior to receipt of a new command by the disc drive, transiltyJEQ 12603
disc drive into a subsequent |ower power consunption node as the neasured
tine span weehsiéihe threshol d corresponding to the powescrassagsidast i on node
to be entered; and 30 (iv) followi ng receipt of a new command by the disc
drive, adjust a thrashppisubicsedhtroping pohe comsasptiedofiaidise dsipabasedl7 1 9 DEC
2003 WO 01/15161 PCT/ US00/ 23135 8. The apparatus of.claim7 wherein the
enbedded ni cHRStiscalhajagtensiics, rrﬁ‘ﬁﬂ'e'ﬁertdg GARSTARTTHEIE'8a set of threshol ds
by being further @y a@kanve@nia clrtyitry;@hd each threshol d, define a m ni num
and maxi num val ue; and (ii) set each threshold to its ﬁaé%nyn1value. 5 0.
by 8lthe disy

The apparat us of () aeawsro g the fheesholumieheqyr 8] e

pr ogr amed t%téﬁd%%o&{?ﬁpﬁdﬁrnﬁ‘oﬁlaplbske@ﬁp&esuﬁaicfa%M%ﬁ@iw@fr@meﬁ o (i)
consecutively ehter the neasured time span between the new command and
the | ast issdisdaesessmand into one or nore of a set of circular queues, each
to circular queue related to a threshold; and (ii) adjust a threshold
based upon the values in the circular queue related to the threshold. 10.
The apparatus of claim7 wherein the enbedded m croprocessor is 15
programmed to abort threshold adjustnent upon reception of a second new
command. 11. The apparatus of claim9 wherein the enbedded m croprocessor
is programred to adjust a threshold by being further progranmed to 20 (i)
determ ne the current consunption power state; and (ii) calculate a
threshol d governing entry into the imedi ately | ower power consunption
node. 12. The apparatus of claim 11 wherein the enbedded m croprocessor is
25 progranmed to calculate the threshold by being further progranmed to
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(i) fit the nmeasured tinme spans in the circular queue related to a {19 DEC 2003
threshold governing entry into the imredi ately | ower power consunption k
mode to a normal distribution; and (ii) look up a threshold, froma

tabl e, based upon a standard deviation and a 30 nmean which . correspond to

the normal distribution to which the neasured tine spans fit, and based

upon a percentage capture value. 18 1 9 DEC 2003 WD 01/ 15161

PCTI USOO 23135 13. An‘@pﬁg{atus for controlling power consunption of a

disc drive based upoh's Mehodef clghal wherein tié basily 4of user disc
angﬁ?%j

access, conpri siifndexingq o8] [ve control circuitry, FrEARENSeS ¢
adj usting the threshol ds m‘éﬂﬁél P e@ﬁf%“l@)f/altlmssb@atecﬂwith@prc%a'bﬂ&Q

power consunpt i clistribution, whersacthe' R | stical characteristics of recent

user disc access. 19 1 9 DEC 20039‘%&%@&Pﬂi‘és%ié’f‘}‘i‘d’dlﬂbapmbabmﬂ wherei n the
adjusting act (d) further conprises indexing a |ookup value in a tableof
| ookup val ues associ gke 1.t robability distribution, wherein the

| ookup val ue is assoc?'a’? }eltgjwnv?nt}toﬁ 02CEPIBBéB‘f*lefec“}/t.heEqusfﬁir@adtm)hQQhé}fco akdp 14

wher ei n t he 18dj oudtiplging ctie al)e By ¢ai@ilat ' .10 myl tiplying thé val ue
by a cal cul ated standard devi atyil%n of %‘gﬁ?‘@&g‘ﬁ%‘“#ﬁpggg@qup@ lattess.met hod

of claim 15 wherein the adjusting act (d) further conprises calculating a
t hreshol d based in pagt ap of the periods of idleness. 15 17. The
met hod of claiml V\hgdr;'em&tn%tgggﬂfﬂg’t”? Y Whenein thy adjustidgerct@gmﬂefeﬁpﬁses

cal cul ating a t teleditolgh thedsheld bARdiNBSS LoD, =.aZ(p). + g, 20 wherein b
is the threshold tine, ais a cal Cl}I| gﬁgggfnf%&gfﬁle&f@%}?‘}ﬁ%dﬂ?n%@p) is a

| ookup value froma table having | ookup val ues associated with a

robabi |l i tyigi stri bui4 15 .a cal cul ated nean. ,
pro y 17.0fhe ﬂ?‘&go@of cﬁaxm waerem the adjusting act (d) further comprises

calculating a threshold using the function:
b=0Z(p)+p,

20 wherein b is the threshold time,
o is a calculated standard deviation,

Z(p) is a lookup value from a table having lookup values associated with a
probability distribution, and

K is a calculated mean,
25
18. The apparatus of claim 7 wherein the embedded processor is
programmed to instantiate a set of thresholds by being further programmed to index

a lookup value in a table of lookup values associated with a probability distribution,

wherein the lookup value is associated with a probability.
30

19. The apparatus of claim 7 wherein the embedded processor is
programmed to instantiate a set of thresholds by being further programmed to

multiply the value by a calculated standard deviation of periods of idleness.

35
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25 18. The apparatus of claim7 wherein the enbedded processor is g 2003

programmed to instantiate a set of thresholds by being further pr obﬁaﬂﬁgd

to index a |ookup value in a table of |ookup values associated with a

probability distribution, wherein the |ookup value is associated with a

probability. 30 19. The apparatus of claim7 wherein the enbedded

processor is programred to instantiate a set of thresholds by being

further progrsarmed to rrhmtl ply the value by a cal cul ated standard

devi ati on of ‘peri ods & PRagY!s ofslain? @ whefibDIEC e3dRdde dg-chs;JJ}? appar at us
to Instantiate a

cet “of {hi eshol 3’5"%“"9&. R 53 athalts D emeuoberarogramodas hol d

usi ng the functlaalculdve‘aiﬁ{r@héldujsﬂl \‘tﬁ@f‘uﬁbﬁb is the threshold tine, ais a
cal cul ated standard devi ation, ng I's a I'ookup value froma table having

| ookup val ues associated with a probability distribution, and 15 is a-
cal cul at ed nean. _
b=0Z(p) +,

10
wherein b is the threshold time,
o is a calculated standard deviation,

Z(p) is a lookup value from a table having lookup values associated with a
probability distribution, and

15 M is a calculated mean.
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