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INTELLIGENT POWER MANAGEMENT OF DISC DRIVES

Field of the Invention

This application relates to hard disc drives and more particularly to an
5  apparatus and method for intelligently controlling the power consumption of disc

drives.

Background of the Invention

Portable computers operate on battery power. Accordingly, the duration for

10  which a portable computer may aperate before its battery must be recharged is
governed by the level of current which is drawn from the battery, and the total
charge the battery is capable of storing. Because it is desirable to produce a
portable computer which possesses the capacity to operate for long periods of time
before its battery must be recharged, development efforts have focused both on

15  maximizing the total charge carried by such a battery, and on minimizing the current
drawn from the battery. Since power is directly related to the square of current,
power consumption and current consumption will be referred to interchangeably.

One way in which a computer system may be designed to draw less current

from its battery is to provide it with 2 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 example, 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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P state. Xs 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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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
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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.
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15 upon the distribution of recent idle periods surrounding a given threshold. In FIG.

3, two low current consumption modes 200, 202 are depicted on a cartesian plane,
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.
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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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where it is JdiBldid&dadod hat the disc drive 100 will transition into a |ower
povver state 202, only to inmediately receive a command and have to return
to full power nod&irmyarsdhatieffects tb%'&fesmlﬁﬁﬂm Aescrited ddthgelgrenes4© i s dynami ¢

because the AP & RELIAYR AlbeldlhiHESHoARo R Dtk ehe: Heiccifyel 1 on 206

(the last n perio eness g in low current
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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consunpti on nodes 200, 202) change as the host m croprocessor 110 i wggc 2003
commands to the disc drive 100. Because distribution 206 changes as't

host mcr or issues conmands, the threshold 204 change.
Val ues for O‘Qf)ggﬁsgan shoul d be determned enpirically to 3%%4’8 %%‘)9(? mum

per f or mance. nlg??(@l\ﬁﬁée’wlgél i E&?di’xﬂ@@in%_eﬁ@il%@ prRb&sifg speriionadd RAs-afe i dl eness,

and x = 90% Because threshold 204 is based upon distribution 206, it is
dependent upcerenningoRdiss septoes for thewprspass ofidemifying bad Rigcks:  VpamcoBRledes. Due to

that depende r&?éénel};az gillﬁ ér?%gﬁwpgraggﬁ4m o B8 pABdiUb YnrdiihtiRepd by an

outlying sanp reshol d value that s extrenely high or
extrenmel y | ownanigenguaRMpgmiation 49i s, a 30 naxi numthreshol d val ue 210 and

a mni mumt hresho | ue ..20 re i I | h]g eshol d
204 falls beneat hhﬁ?ﬁ%‘i“’?ﬁ“ﬁ%?ﬁ"‘?ﬁ‘?%@ﬁgﬁ%@%ﬁ?ﬁ%"sﬁg%‘t é‘g%n?%?g%&r% t hr eshol d
val ue 208 Wi |thregHopilafeiperfoied C Bhefuhaiopsiperfolroe heSiimintladd: wpdatihg timwla6 1 9 DEC
2003 WO 01/ 15161 PCT/ US00/ Zﬁ%gﬁéﬁeall cul at.e o#}ﬁ eshaol,d 204 falls above the

maxi mum t hr e<eed of lsngth 7 34%s At 2P R MRS FA e & 10 wi || be used

in place of thRueRbECH3RE ihrahela (thEbéroddof illeniss surioasding the thpesheld), 300
designed in accordance with one i t he i

enbodi pent o resent. i nvention. The
conput er 300 aHdispysezd withysferepesta £1G 3; 15“%‘8‘1)?%2%%‘?5‘% ?Lai‘ﬁ‘?%? 8%&
conmuni cates W 16450 PPN GB&5Un 406 4 sAoNe tidehtoridbtail th RIGE di sC
drive 100F(’3Th‘)gng£n¥gr§§§d%%g{r§%prsocessgr 184 interfaces. with the disc 302,

readi ng and i Ypongoupletion ¢fdPMtoperation498, nields Rasted toidletimeAuery r myar e are
resi dent on the %nbgtggded m croprocessor 104: Host Interface |ayer 304,
Read/ Wite |a‘§P§$a 306, and Servo | ayer 10 308. The Host Interface |ayer
304 handl es comunal&iloimgdueat dpagtién 408 thh eurrrnsdurstion obishepessdseompared. The

Host Interface ] ayer _ 304. conmmunicat W i ]]lﬂ:;t/- 306 to
instruct the a5y heshg! Vglf"eaé%gaélgﬁ? %111%%(131%%%505?%@%(9(%& étoﬁse cf?lgc to be
addr essed;s Th@ode agkh¥irteat iR aratiG0is gratmban thabfosmentidned HeesBeldyo | ayer

308, instructing it as to.the physic 0Si,tL.i t. hat t.he .actuator shoul d
achi eve in or@pitioropegtiond ‘éé‘%?‘yﬁ angﬂﬁglhsf d‘&%eﬁ@gﬁsdt.r .E‘ﬂ%ﬁdl“it? %he Servo

| ayer 308 intghapter Wbk cbiemPEsMAodeC O b Bk oftier leid, tigcukeft iflshown in FI G
1) to acconplish noving the actuator armto the

i esired, | ocati on.
Fi rmaar e t hat dusstfon dpes nohexcesd taeiorpenigperifysahiatd: H’égﬁ’? KEEG Y r ef erence to

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
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FIG 3 operates on the embedded microprocessor 104 within the Host] 9 DEC 2003
Interface |ayer 20 304. Individual electronic nodules could enmbody the

i nvention iyod454ner anal ogous to its expression througE war e
operating on tﬂhe enbedded m croprocessor 104. Wet her t %{.l%’v;é;{h1 |on be

enbodi ed in fiaf KWAIR ndhy b}@/mbwaﬁlple pleRgtsof [Avdabea] Wiser@if @ rdprR&td e cal | ng
hi erarchies of FIGS. 5, 6, and 9 depict its _operation. 25 FIG 5 is

a flowchart ©pmbgof am@n@dw&eé.(ﬁ’gth@é?faremumﬁartofpgn@ieéwe@eﬁ%y t he
embedded m CrQli%rc@?)es?&g'ihe]l%lnﬁw'iPl\@QpHﬁ'fan@ﬁw9§e)va?tEd drive 100 idleness. The
idle processing I's entered upon the conpl etion of servicing a
command i ssued tBIG Iﬁelhmrges the fupetionGallingbictarrhyl efthe 13 opsratina0€ ondi t i onal
operation 402, A p [ ssuance of a
command 18 ¢ Moared e, sPASEHTY B h PRE o e ofethdcRholBAT vt 33070
general idle embodlasw mrfopslmmmumo ﬂxheurgwneﬂdhxdh mtc x:a;ipmmeweor
perforns varl r eneral .disc n exanpl e of
disc drive 7% %‘ CFB ‘%%ifi’%i%&mﬁ%ﬂ E&Eﬁf%% unﬁa n?a ance which is
performed i nvg@RehaiPM d;bd?atibhaoeﬁshdig)d@ﬁﬂtﬁﬁds(ﬂncﬂﬁﬂsms Taé bpdritiog of scanni ng
of disc sectors for the purpose of jdeptif d bl ocks._Upon conpl etion
of general i dted’ G&wsf{wgﬁ%?%%h“& 4““‘%‘ 3481%1 er%ﬁ%‘bﬁgtg intelligent

power nanggenment fid?HaeNRe b 8dtioPrctdbqueles 600, dab] 60 SR M ImdiRfiinedby Of the
necessary steps for calculation of the various thresholds are perforned.

The funct i ongheféndptsQuseesianctipmS02n dihergexists prrAlicHigr epelor gach taerbelds of
length n whi @m 9%1 &f60b dE AR RubILHDb, dog, t he

cal cul ation ?Cﬁ;aggl\#eﬂﬁt%res ﬁl i Serl ods of idl glness surroundi ng the
t hr eshol d), Gaélsdnsesi:tustpexhmthdlpe¢r®|deﬁ7©tasutremﬂ|a@0865pmﬂmg threhodd. i on of the
gueues; calc ti felhe, 10 var s. | PM operation
406 i 5 shown B &33@8?3%? n gl “E‘Fedsmg%{?fgjeg%%ﬁg@g?%ﬁ of 1 PM

operati on15406urrmaﬁ1galgwleﬁtmah<ﬂé,¢s ﬁmcusstldevmrefareqweo Y1G.Gpéfthtreare n408. | n
idle tinme query .operati,on 408, e cu Lon of i.dleness is

conpar ed agé[‘%’s‘?gtg%n PiFfuLeE ﬂ‘éﬁ“& eé‘dﬁ? Cﬁlgﬂ{’]‘incgn @ésc‘fsf WIEET PR O next 1 ower
current consuynp!3)ant seHi_bsMebaslsffoidb&nﬁiﬂlfgaﬁhreslﬂldds dufva(ﬂﬁ'eﬂﬁnlsSmglbeat er than
the aforenentioned threshold, transitign operati ered, and the

disc drive 10oriedsof jdignessy qaghg@plerﬂegoq q)]fédleness being stored 1n a siot 6(%?' ach

of the # slots are 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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next |ower current consunption node. If, on the other hand, the curixbﬂ: 2003
idle duration does not exceed the aforenentioned threshold, the dr

remains in esent current consunption node. In eit the idle
processi ng dI"I())glﬁls%o is 20 iterated until a new conmand i ng/géﬂﬁéﬁiﬁ o the

di sc drive 108QuratiRemb Qﬁetratlomo?ﬂl@ AlaDRAS % 8&&@ funbRorBSUBREr #6FIC, e 1 dl e
processing | oop 400 is executed while t isc drive iIs idle (not
executing a e@fﬁw that shethreghplds H@r%@ﬁ: dmagiopthstangticl fe)ivepssuni ng  t he
host m cr opr ny 25
comands may %r%%zogédééﬂ?%ﬁ tg%yw e 1dle e}bt&gé%g{ HOEQFQ%%QBr eoqgnt er ed.
Because t heoﬂryllmcss wotldbe sdxizt ¢b the binmdar quwes:@mxpmoeding\mréshwid FPhdoper ati on

406, threshold .vaglues ot . b Iat ter nmrand. Rat her,
a new thréshgﬁfh?}gﬁz8’“‘3{(5%%(56%385118@@%1{“@31 WhEr tﬁ% arse zﬁﬁgg&geen ide |ong
enough for th}ﬂede?Mxﬁﬁkﬁfﬂlzivﬁmcorﬁiﬁﬁ‘ldttbeh&d Palegwt@adue haioneso6 tduddsdol d val ue
bei ng conmputed w || i dl eness

ed u a e s, of
surroundi ng P%@W?ﬂ“é@ﬁgf tqae%%%@oﬁ?‘?gﬂga“hﬁiéﬁp‘d’?%‘# g‘dlernﬁisher than the

di stributi on gfifindiB thcléRcdr chitBrahPGleud60BBIHiEHSer® hoticBhteies thdt Pl y  havi ng
one new sanple period of idleness in it _when a new threshold is

cal cul at ed, Reeug 648 te fysitimeihs UpgstoQpenss factiopFlkney 898 nay have as many

as k new ganpl e pggd sQBftthPW@ﬁe?anoM"Q@(f ﬁ'td‘mlﬁahf‘e%@éi?c’ﬂia? Hell&s gogunber  of
comands | ssued (an heref ore t he nunber of Eerlo s of % | eness

“col | ect ed) sﬁmsém mmnlpawpnna tméhq Rl p epranputesd 0 o@nmraémesme@’@mem G 6
illustrates f hi_ar. ion 406 5

i ntroduced i Eﬁ?& (I;{%H% ieﬁM rgigls“eglerfr? 1?%1&@{%%&&%&%?%9% g%gé ation 406 may
be enbodi edt}bgshaldl?elmésdzrlmmm/hélutrﬁﬂmo@cacB@@cularlqeeuplﬁﬂ‘m@eebafenmngh isto

cal cul ate ne val yes. based u The
first functi ﬁlﬁ‘t %IQ lhoqcﬁs\%eglﬂi ﬁt%flﬁgla’flﬁkﬂno\%gﬁg %{° p?&néfd%g% m’{%te &1 l%'l%l'l%at e Queues
functi on 502 whihthe pobad dogiputef 102tihgowdpdaipe Queues function 502 can best be

understood with reference_to circul ar
queues 600, 602, %@Wlt%ﬁIGaPetL%Flﬁ‘flaa‘F %@iﬁ“’%ﬁ fzil Eéﬁ‘h‘éfal‘%}éﬂéé function
502. There e’é)gaitéQﬁ&ﬁs Einbi§oHl 508 hakBHPlcicalexRaGsh. T €altelald Thrdsad Ci rcul ar
gueue 600, 60 has n slots 606. Each circular queue 600, 602, 604 is
used to stor &ngtien§04syill celpwate the thserbold maded for goxsrUNSrasiipR SRR dist g

threshol d.  Gagdoylifih ufixGbwé ook orkishiith Hodl RN GishiSsed S48 1O store a

recent idle peri
20 reference to FIG. 3, the threshold value will be determined based upon the desired

O

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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15 surrounding a given threshold, as discussed with reference to Flﬁp&z
If there are n slots in a given circular queue, then the distribut (3303
(di scussed whbsi&f erence to FIG 3) that serves as the i

determning a {)ﬁr eshold is derived fromn sanple peri odgggﬁgol%@%lg%ess,

each sanpl e period of idleness qg(}?+§t_p_r‘g‘cﬁ/inn a slot 606. Each of the n
slots are filled consecutively unt all 'n"slots are filled, at which

poi nt the 20 wheremty 2h@ientsshergedn|lx; tepederfid sagiplerpeted of hilengsgrhdals of i dl eness
which are stored in the slofs 606 are derived from entries stored in a
circul ar corrﬁeé’ﬁ?ie’ﬁh'é‘ﬁ@t%GBmf’rﬁiogfaé‘?pﬁeé?f”ﬁﬁsﬁfi‘ e"teFF‘emlt-ﬁfﬂ‘St’i‘W‘@P?é(te | ayer

304. Each cogumsdingaRitheshold)of ifieestiomtan laRérfdié @abodihdte depiddd in @ t he host

m croprocessor 110 is stored in a slot 610 in the circul ar command queue,

| I .
al ong 25 Wi t § the mesrsis merpefErighivicgicngied nie HBrk itdt asipmediitif@e¥ormand was
received. By geﬁda%f ﬁ%éé@%e%?&iﬁtgme\éﬁmﬁlhﬂﬁm%@!m%grrésﬂoﬁcﬂfg i1 reul ar

command queue 608, periods o | eness can be determ ned for storage in a

sl ot 606 wi t therthrashoidundereponsidprasion bp e Updae Quema fungiion 2ndle efficiette Updat e
Queues functi A\ i i i i . yia
subtraction B?OQ?S?%SC £ @’rrl%@g tﬁwg'g{rjpcgg%né‘% tsé%e@%%ﬁlcdtfﬁ’gﬁ%ggg?b‘gﬁglg erm nes

whi ch t hr eshopdstidne tormint daelt offiles 7 sachptef periodsenfi aBenessamakinghprtiaf t er conmands

t he Add | ay,. Queue function 6 to add .the given per.iod.of. idl eness
ot he i Poutisioyiihdgtsone aabor B e MohBia MgRR b8l Bhpkonol o,
For the sake nfidduPthDdfstridifich i¥\0ked bé 4 SdGihg AT 50 WhtRIRDk 6llest dalnphet r at i ng t he

operation of the Add Delay. to eue functi.on 506, fer to. Fl 1 and
assune that PHEPE Hf’é‘é"l‘iﬁﬁsc‘ly 1l E"h Rl g OWH%Pr?eéat}"BFh@rInt°ﬁarﬁt“§’t7§t"i c: if a

gi ven peri 0gheQf nelvdhRPR periots beidleAesk aleladiddltdind dlfy¥nee/pro@ited mONsSuUNpt i on
state #2, that period of idleness would be added to the circul ar queues
cor r espondi ngPEaias9B] Yexpin gperatipnild.dhgwmrealeulated ineperatign 02 in stexlol ds bound
that perigd qf oel'i§Rfserndibft cRSiRicR of BUGMRS inf HOREIrOR: i9HAs Mrkd vah@mENd the
Add Del ay to Queue tunction 506 to add to an appropriate circular queue
600, 602, 604hatwihbeofsed dsshastayng pedhs inndperatipe Hiddhe nexbime thedenctienishe ci rcul ar
command queue_60 a ch .were tal I . he | ast
time the Updaef1 tgreéjﬁneagly’flﬁﬁ etr?t%ﬁHgg%QV\sg{s&ggg%ﬁg Eel{(]&%lfsgg)i‘}eﬁeaﬁggtggge of the
| PM oper at i olin df2tatios 7040is iméger dilvidadhbyt e asita Yielll dre inpegen perti6Of the fi€dd, 604 upon
powering up t%aor abl e conmputer 102. This operation is perforned by the
Initialize 18 KEPPE™ 514, and is acconplished by storing maxi mum

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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threshol d values 210 in each slot 606 of each circul ar queue 604, j/fgcejwy
ensuring that all thresholds begin at their maxi num val ues to provi 2003

hi ghest perf@Qpf/RNGE 15 when the portable conputer 102 is r p.
Returning to Fl 6, the Cal cul ate Threshold function 5058’10@%8’2:ﬁf’€d after

the Update Queues functign 502 has: | et ed, gxeguti on. The Cal cul ate
Threshold function 504 w T é(%gdcul at %hehf'ﬁrgzﬁword needed for governing
transition of the disc drive 100 into the next |ower current consunption

de. As di d wth 20 to FIG 3, t threshol d | il
e, Get or m nolBACAEP TFDA (AL ATo g BB M Epa &l HEeag of
i dl eness fal L, bepeahh ke EEM@Q? hbridss, ANds Mk bl Adad 9a1BE 1 dRLAS Bwned based

upon the nean and standard deviation of the distribution 206 surrounding
t he t hr eshol meamypduecandarepressnty esizh of the Ciewdariquenc 500, 60bt6dnIstasén nean  of
the distribuf r i ng. . | e ing the

Cal cul ate 25{11"%?%%:%%; n@%@gjﬁﬂ(&?& Bﬁsr%tgg g%g?dé?tl(%%lc{él? lte'? t?}ees%ég?-)é S?‘gédé’hI\/Ean
functi on 508usigg 4 minipem atmber obgpeFtiGns. 3n FRE.GQ, it S aismiedtist & hav pgiedat i on of

t he Cal cul at e..Nean funct,i 08. The f this functjon is to

cal culate ¢ het NEaRe PRriads B et aurbal 0% B streReretigf 8ol @ under
consi der at i Othreshéld ander esHsidekiatid@ity, thé UpdateQwaubstunctivk a02. f Ameftitiet 508 30
acconplishes this fask hy sum toget her each of the n sanple periods of
i dl eness wcoH’P’éHeﬁg’E]“?‘:HIa{l _aﬁ?"rdér_gl%ﬁ 1 B‘c@gﬁ’, Fl§o2 commencesit espondi ng to
the threshol gkRdlihe iﬁ@g@ deioabf @ varanet IR dingicPeRalisRYidbnestO 1 9 DEC
2003 WO 01/15161 PCT/ US 0})23135 g_[x, +xZ+...x"]In, wherein g represents
the nean, x; Piewgprdy baying mads ypfhedisgoution(thsr varignes abadistriytionss the epr esent s t he
total number opfSRHRkEh B defidord ind HLEABESING it8hS, BhStAddiy iR a2 06
surroundi ng t ee't hr eshc()ilgﬁ of 'rlll?er est. nﬁe{rrllgéll{}ef nat e e%goc}ﬁrrgnt,

depi cted in Ppegatios 880. Tdwendenstand this operationed1P;] itisemporiantiginotsitizt bd. In FIG 8,

it is assume Lk . i i 6l e : 2. . circul ar
gueue 603,kl Ggﬁan%ﬁlh%ﬂ(}?ﬁé%%gig%ﬁgn%r Jla%éﬂ{%%?dte&sﬁ%%&éﬁgﬁg%f: h%&é\%ﬁ%er ation by
t he Updat e QufthedistribuaniremltSHHdEn divikdngethé sum efivach qfitieoeastitaant embstiyl at i ng t he
mean circunmvents the necessity.of performng. n.addition .operations to sum
each of the f rgwghangﬁag% S%?s(?’lcﬂlvalﬁaélgesmﬁ’é |“f?&ygf)ahﬂcglmiﬁ HB‘P@‘FH but i on.

| nst ead, t helstetiaf addiidnBpaaionseo, e predsus démditieLoabsSvapaéicaltditibnnavi ng

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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%Iated in
y n so as

cal cul ate

cal cul ating tpesiodléfiidlencenfzll bensathdlahuchiold | The 125t fﬁ?“éWPth(P)\}sle?lﬁﬁt‘}é

nultlplled by, ﬁhe size of the circular queue 600, 602, 604 and the square
of the ol ¥ Weevi ous, periods of idleness. adding the square of the
new peri ods of i reness, [ addi ch)the 0 prpeduct| of tk?e(p)si ze df the circular
queue 600, 602, 604 and | he differenge—between—i previ ous,
squared nean val ue 0Hd t he 2&3\??@ %l%red ng% Iue0%43}3(fﬂ7%ak| ng the square
root of the resutrt okl 1 974006 0@/715161 a«mews;zs(sG?Zorl dn- x12 + x
kI + "oldn - 2newn)1/2 PCT/USQ0/ 23135 wher e__a_[_e_p_[_gg.g.pﬁ_uq.e st andard
devi ation, x, reprds¥nts aril &89?13966% d of-72dl ehes¥>828¢ gpresents a new
period of idl engss—4etd Aot Ue; p03\533§4323e Mew 5 nean
val ue, and n represoe?ﬁils P?%“é? tlhe circuljar queue 600, 602, 604. Just
as in the Cal cyratgogveEan Funmmw 508, D0170i s [des0.624#080030 cjal cul ate the
standard devi atijon using a mninum rof na,rm-gnn Fal FIG 9, it is
assuned that k rjew G¥ i ofs Ly#7128P%ness Pe addeélmpg ‘Pﬁ% ircul ar queue
600, 602, 604 car md A 473751858 [T coleel d unde.mémasssder ation by the
Updat e Queues fynction 502. An efficilent

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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I o manner of calculating a standard devi ation depicted in FIG 9 conpgngge 2003
by retrieving the integer portion of the variance of the n sanple peri ods

of idl enesswop{gyéiousl y having made up the distribution p¢hesoessizance of a
distribution is the square of its standard deviation) and then

mul tiplying it Py o791 TTusbged4atbdly fetrd.®sval | ofel0a433ape 810. To

understand thislaoperatign 810 it _Is imnrt&n{Wthe 15

vari ance which |s Pa8rigveB77d92834i ni egdh>Val de, t he actual
statistical varfanggs Of tg3ghggsi DUt Q7 eSUM T g56PH08s VI dli ng the sum of
each of the n cpnstituent ternms by n, neaning that the actdal statistical

vari ance may acfuabl’g bg a0f0&@o22ldnal nuhBer. |1 nOOARS0HPEBSt additi on
operation 820, the_previHous—rerpipdet—of—the—vyart+ance—catetfation is
added to the vafiafdé vq ug‘.(ﬁ{“r?wfq@e 1irSQ'Sdsubtractiog operation 830, the
square of 20 the previous K perrods of 1dleness are subtracted fromthe
quantity resulti n%?]f rom operation 820, and the result a@ﬁdg{;nt rol is

passed to the sechbhermpriize pRrFRpodiment of the pagsent Ifygnlins,# me eration 840,
the square of i K: RB5kRHS 8fa digd! BiNEBEctsa 08 8 Jortdb® dobuteesul t  of

t he previous c%%%?h ﬁ)\g«r”{ 830.u%t_h_i na tlhe th?r%l astddi@)?i og. opera??on 850 the
previ ous neafsuinisk92) basetupan sttisticd] sharaaigristios|of ggens ysen disp accesi @iy Réided to t he
result 25 of [ eyl i efiad 1.:0Mhi84 Qet oFRINh&ls S Passed to the
second suBtrééc fz’eg%y%g%cgyg%@gﬁéuggg@a@g tlﬂ%’ s_eéondc soubtr_actsilon operation
860, the newimsatiatecskarh thresholgavereidg ¢ ansition into pEoreespdgding powerd t he resul t
I's subtracted fromthe result.o i i In the

di vi si on opercgllfs%lﬁn‘ﬁ’fﬂ?c{et ﬁﬁe {}uat}a]lijseeE g?f“ér %Zdé n%g%egﬁlg%ﬁ%tibgﬁeég%? s divided by
n. Next the stififrRmO@E&hak 208) afiBRatimuinisuch at 246) vaiek oheckethnesB@d {sheh new

I nt eger variance and renmai nder are, stor iLn. memory. Fnally,.the square
root oper at i &H2¢0pnd seting ?&é&@&l}d‘gﬁ\‘%ﬁsﬁﬂ@%%@a’d@ of °-ﬁ§°’§ﬁh‘? nt eger
square ropt RRepA difRe MR dHRE(SRAWs Y60) vas ket issuéd Aieomnidhdiehgasyred! di ng t he

desired integer standard 12 1 9 DEC 2003 WD 01/ 15161 deyi afion.
PCT/ US00/ 231 PsoRetrencint pige new qomagangby e disc g (gagh a3, 4. dherdiscstivg | d f unct i on

504 has diregl el {do is%%ﬁt’rﬂn@& inf SuBesiiRfy llﬂﬁﬁ‘bo@@l‘jco‘ﬁ&lﬁﬁﬂili@ﬁ fholl@Ydsat i on of

the distribution surfounding the threshold to be cal cul ated, the
t hreshol d valtheenéatred imerspan fieeta tHeyhresboldfsuch pad04Ycarepnosdiag ipdhe t he f or nul a:

Pre 2P WSS DoRal BB 5381 Be bfied FoRb Nl feckfph 8 iR cofhulahifoy” €V 0US

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



represents a value |ooked up froma table based upon p, the desired
probability that a period of idleness fall beneath the threshol d."{ h@EC 2003

table from %i ggﬂé( p) is looked up 10 follows: pZ(p)PZ( Btruseonsiss
. 992. 32634 3 . 740. 64334472 0.982.0537481760. 730. 612812983

. 971. 8807892420 a524), 2868 ¢6mBandlis Bediv Do thd d&l midroprobedsud 4sudibas
. 951. 6448530, 700. 524401003 0. 941. 5547720980. 690. 49584969

. 931. 4757913 180the Sucsheld edigsment praysdurais3bored 1 70. 670. 439913492

. 911. 3407543520. f60: 4124 Q080 ke 2B TA LR RERFIEAR 1OV i
80T, 2005586300, BACIGLEEEHAPas _@gl. 1749_8_75740?630?%1854153)ls
. 871. 126390988100 6R0WEH5UBAE Ssporeibl fopositsungthe 45 drreswhes100)

830, 954 toS G RO PSS AR Ry " o TG ol

810, 8778065AAAMN 25805800800 S00-BALOSUTAEOD SEUMLDSOOAT2 13 1 O DEC
0. 780, 7721028 AL MO EIBIII ! 6 B 6 EF0BEO TEIERGTn

0. 760. 70630224 765)510. 0025069085 0. 750. 6744903660. 500 To summari ze one

i men f th r nt invention h f .
embodi ment of t eltevil?%ee clE:ar that gxetprecs)edt in%ergl%% isovgelf)adapted to attain the ends

[eeolojolololoNoNoNe]

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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controlling power consunption of a disc drive (such as 100) in a pfrtggtemm
conputer (such as 102) based upon statistical characteristics of gc 3

user disc qgéﬁﬁg?aay.be 5 realized by executing the f0||9%%ﬁ%m&ﬁ5§' First,

an initial thresholds is instantiated, each thres governing a
transition i RfPAR IS ABIEBNE Ng power consunption node. The initial set
of thresholds may be arrived at by defining a mninmm (such as 208) and
maxi mum (such as 210) value for each threshold (such as 204), and setting
each threshol d (sych ﬁm%(}égcoﬁtgo&gggspowg}om gf3h UPa aieive bhlag uddh 11T SPan
since the disc drive (such as was [ast ‘I ssued a comman S neasur ed.
Prior to recsiafiticalfcharaciersticsorfmarent ubsy dish eccdisseomjwising agtsoth as 100), the

disc drive (such,as 100).is transiti kN ivel. ower power
consunpti an nndes9?§?$mgﬁggﬁ%§§ﬁ¥ga°t@%%ﬂg%ﬁﬁgﬁgg%éﬁﬁ%gM?ﬁﬁﬁéhoId (such as
204) corr esparagditiv ihto atcbeesp@@ingpovensusypiption mode eachcudzessivetpewerd. Fol | owi ng
recei pt of a nem/connaqg by.15 t he diﬁﬁg%{ive &such as 100) .one threshold
i s adj usted KYEUEPIFYRCIHEINRNSIT BYVY | ‘AT FRAVLGPUTETREM may be
acconpl i shed jhygeconsecutively entering the measured tine span between the
new command and the | ast_ issued command into the, circular ueyes (such as
600, 602, 604) wh{b}HnesSiNg. 3 ETvals, 2 JRyeisprRR syice g diss daxe W%Sda%gﬂteéa contain a
di stributjon (sHehy.as 206) within a circular queue (such as 600, 602

604). 20 The currernt power consunption node is deternined, so that the

t hreshol d (such a&) pRiont repsipbefia nely cemmand byithe dispdriveeteansitigniasg thepower
consunption stat.e | J j .ar med by
FiTting the nRdnyEnt e BuseaRabal e ifurioitiodt ke bR EE"E00. 602
604) cor r espapahi meptsthe thivshddeoesiphdingtothe priweg consuraptionimde ta ee | nmedi at el y

| ower power consynpt.ion node to a nornmal distribution, 25 and then | ooking
up a threshold*™f1®fh a tabl e, based upon a standard deviation and a mean
whi ch corfsespond {d) foll@vin@recapt offa aéw dmmarirbyttiee disvi drive taldmstimgasur ed ti ne
spans fit, and based upon a percentage capture value. If, during

cal cul at i on dRreshokhpaseigIoq MEACESEASRE D3 O 01/ 15161 PCT/ USOD 23135
(such as 204), a new command is received fromthe host m croprocessor
(such as 110), the threshol d adjustnent procedure is_aborted. In a disc

drive (such as 108) Themetborrfabin | Mherent E%%@N“?é&ﬁﬁﬁas 104) is used to
execute firmiare gaﬁ@oﬁﬂgéchlﬂﬁesfhglﬁ,5eﬁﬁ1ﬂ§h§ﬂiﬂﬂiuﬂn€hnﬁﬁﬁxﬁh§&v£ﬂe&Mﬁ (such as

100) 5 into vari power consunption nodes. The firmvare perforns the
steps sumari zed (D@ ecttifhenck tistilétp ifimaxoprorddsor (such as 104) is
oper abl y

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:

16



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 errbod??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 )ﬁalfq%emgaﬂbrp%howfgwmlns 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
SN S Eaal!

tinme span neets ing up g fhr 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 amqwed/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 act3. &hapaciysifpr wotmelbing paweetgnsemptioniofig dishérivedasedr ed ti me

span between JLles iRl SOUIRAMARALIE RSt dEaYSEabapRNd 1100 one or more

of a set of crrcu ar Ircu sociated with a

t hreshol dis and ( d}a()lslex)voad}tmsclmugryone or nore t hr es hol ds based upon the

values in the cir &"gl 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.

17



gueue associated with the threshold. 4. The nmethod of claim3 wheived %EC 2003
threshol d adjustnent is aborted upon 30 reception of a second ne

command. 5.whlig gkt hod of claim 3 wherein act (d)(ii) comgpkj ts of.

16 1 9 DEC 2 03 WO 01/15161 PCT/ US00/ 23135 (d)(ii)(a) ?g?@(ﬁlﬁ%lgga

current consunpti QnTmyparamdmmrvdvt(eﬁ&x( thbkmbadde@inwﬁédegwria threshol d
governing entry into the imedi ate power consunption node. 5 6.

The met hod ofPragrasmsdio jpsteniatea %Pf‘(‘ﬂfl(qlqs)bé’ S’ng drtheeprogrammed i%es acts of :

(d) (1) (b) (i) f't{Lmewﬁmréaﬁwaaﬂlewmn&mn&a&nﬁd}ﬁvﬁhéahtlaf queue
corresponding to e threshol d governing entry into the inmediately |ower

power consunpt i ofi) regtkach treshaidioritsimagimum v i on; and (d) (ii)(b)(ii)
| ooking up a threshold, froma table, based upon a standard 10 deviation
and a nmean which correspond to the normal distribution to which the
measured tine spaﬁsTlﬁdapparauusjommdwhymmﬁnepmb@ldedm@eopmapxsurie value. 7. An

apparatus for_controlli of a disc .drive based upon
statistical (?ﬁﬁaé‘g?eélrti)gélg%gn%%etﬂé@gﬁxub F‘l'q 8&%388%"@& conprising: 15 (a)
servo control cir@uicédsycutivdy emertmmadde@lnmegaammas&ehew Borhtighddi sc dri ve,
t he enbedded m cr opr ocgssor receivi ng%qg nga?nds rom a host

mi cr opr ocess@hd the fast isfisd eRTamand inte PRGITIRALE Qi sehM g HpmAvER S to the servo
control Cjor Cujrbidt.quétRQelhid@ o tBREHIRE andPr 0OCessor being programred to 20 (i)
instantiate an i n| tial set of thresholds, each threshold governing a

transition into alRaduespbrrioltbasetupen thsvalyesinthsFimpaeueeselied thsequent
power  consunipdy glgghom.)de requiring |l ess power than the precedi ng power
consunpti on (ri) neasure, at intervals, a tinme span since the disc
drive was | ast issued a 25 comrand; (iii) prior to receipt of a new

command by the di 6 ﬂ{e ai‘ﬁaga Jcﬁ'@ﬁir{lﬁ%exteﬂ%héjé ddé?irrhl\éx% fo@és?orqs subsequent
| ower power consunption e neasured ti1ne sp ah o meets the
t hr eshol dlscomrwmnmﬂmgbmhteht@lcthanmMpmmmptmodfuduoncbndne entered; and

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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30 (iv) follow ng receipt of a new command by the disc drive, adjju$tDEp 2003
t hreshol d based upon the neasured tinme span. 17 1 9 DEC 2003 WO 01/ 15161
PCT/ USO0/ 23yleiBi61 The apparatus of claim 7 wherein the epiasdediss

m croprocessor is programed to instantiate a set of threshol ds by being
further progranmmem. tAn dpbirathofor emtrollink pesérebusumgtidn ofe discrrin based and maxi mum

value; and (ii) set each thr,esgfol dto i%s maxi mum val ue. 5 9. The
appar at us of URqntaRstca St TR B A CP o T 06 0r is  progranmmed to

adj ust one threshgj disk¥riReiongolicitEdiftgan@r ogrammed to (i) consecutively
enter the neasured tine span bhetween thg ne\g} command gtgd i h%ilast i ssued
command i nto one @& mearsforadiugtingthe respeldyyhich sqygm sty okt fis¢ G 1 cul ar

queue ¥ .e' at edid Dovier b&Hs E‘ﬁﬂn%od@ﬂ Hadell h%onasﬁutibtﬁfal afabieRsidObdeftacaer upon the
values in the circular queue related to the threshold. 10. The apparatus
of clai m7 wdiseaicesst he enbedded m croprocessor is 15 progranmed to abort
t hreshol d adj ustnment upon reception of a second new comand. 11. The
apparatus of claim9 wherein the enbedded m croprocessor is programed to
adjust a threshold by being further programmed to 20 (i) determ ne the
current consunption power state; and (ii) calculate a threshold governing
entry into the imediately | ower power consunption node. 12. The
apparatus of claim 11l wherein the enbedded m croprocessor is 25
programmed to cal culate the threshold by being further programed to (i)
fit the neasured tine spans in the circular queue related to a threshold
governing entry into the imediately | ower power consunption node to a
normal distribution; and (ii) look up a threshold, froma table, based
upon a standard deviation and a 30 nmean which correspond to the norma
distribution to which the neasured tinme spans fit, and based upon a

per cent age capture val ue.
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18 1 9 DEC 2003 WO 01/15161 PCTIUSOQ 23135 13. An apparatus for 19 DEC 2003
controlling power consunption of a disc drive based upon statistical ‘s
characteristics of recent user disc access, conprising: (a) disk drive
control circuitry; and (b) nmeans for adjusting the threshol ds whi ch govern
entry of the disc drive 5 into power consunption nodes, based upon
statistical characteristics of recent user disc access. 19 1 9 DEC 2003 5
14. The met hog of cl atin.{:l}wmherei n the adjusting act (d) further conprises

i ndexi ng a | ookup val Ue methedhofclam 1 whirein tuabdjﬁﬁjr@%%{)@g dwth. a

ocCl

probability di shdé 4 in the l.ookup value i's a i EURseR a
probability. 15. Tﬁ?gne?ﬁléuoﬁ ot%}%eg’:“a% tﬁ?‘i@f fvﬁlévléyﬂucms@wtezstvitng pw;abﬁg}

further conpri selstri@iomwhérginthe g e by.a cal cul ated standar
devi ation of periods of idleness. Olf@‘?VéﬂﬁéeHr?éﬁoﬁﬁgeddW}éPRIQhab_iﬁtya\her ein the

adjusting act (d) further conprises calculating a threshold based in"part
on a nean of the perilggqh?h‘e'th%l e eﬁa?. 15 17. The nethod of claim|l wherein
the adjusting act (d) furtner 8(921‘3 ’EééWh@%ﬁlﬂtmeaﬂjun@mgaadtmmhﬁér@o%}ig& t he

function: bl amyiplying the Rile¥yes Qildhided hreshold tine, ais a

cal cul ated standard devi ation, “Z(p) iﬁedaﬁ?%%ﬁdu%evﬁpﬂé’ff’?’éﬁﬁsa)fﬂtﬁmess.havi ng
| ookup val ues associated with a probability distribution, and g is a_

cal cul ated nean. 25 18. aratus_of claim?7 wherein the enbedded
processor is progr arﬁéfegﬂ-{%ei%ﬁgfgﬁ?’i“éﬂéwée%@t the adjuistinesdeo(d) Futther B&thPEses

further prograneaehlsting aiiexhold bhaaky in a.table of |ookup val ues
associated with a probability distri Eﬁ%%%eamgwgipﬁ“?‘ﬁé)ﬂl%mg val ue is

associated with a probability. 30 19. The apparatus of claim7 wherein the
enbedded prpressor ify to jnstantiate a set of thresholds hy
being further programe eﬁgétﬁmp‘ﬂalm wherein 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

220-



mul tiply the value by a cal cul ated standard devi ati on of periods of ‘ 2003
idleness. 35 -20 1 9 DEC 2003 5 20. The apparatus of claim7 where #pﬁg
enbedded processor i's programmed to instantiate a set of thresholds by
being further progranmed to calculate a threshold using the function:
b=aZ(p)+, 10 wherein b is the threshold tinme, a is a cal cul ated standard
deviation, Z(p) is a |lookup value froma table having | ookup val ues
associ at ed vvisth a pr%)api lity distribution, and 15 is a calculated nean.

- The apparatus of claim 7 wherein the embedded processor is

programmed to instantiate a set of thresholds by being furth
calculate a threshold using the function: |

er programmed to

b =cZ(p) + 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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