MANAG NG PONER CONSUMPTI ON BY REQUESTI NG AN ADJUSTMENT
TO AN OPERATI NG PO NT OF A PROCESSOR Background [ 0001]
wa\roosossdd ment of the invention relates to manBgEIEI5/010163
of power consunption in an electronic system by
maki ng adj ustnments to an operating point of a
processor in the system based on a deadline margin
for a real-time demand. O her enbodi nents are al so
descri bed and cl ai ned. [0002] Power consunpti on
managenent in el ectronic conputing systens has becone
a hot topic, especially with portable systens such as
not ebook conputers that are battery-powered (and hence
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better nmanage their power consunption, e.g. reduce
t hej r. consunpti on whenever possible. [0003]
Ng%%¥%§@#§ers of a conputer system s cl ocked processor
el emrents, such as a central processing unit (CPU) and
a [906u]hA A SmPbaRIRET Of tHeQhve®idh Felhtes t mahaytenditof power 0
t hese el enments a nechanismthat allows its performance
c ageabihptign iy arvglegtermiqwysieoi, by makitgadjujtaenisdoen operating
command. For exanple, the SpeedStep(r) technal ogy by
| RNt EGRFOcessrp Ahagyatery bederongt a5 ling 6w 190A enktiee
t [.S T, ' Nt =T request a
cﬁ%%ﬁgéLfﬁﬁg%gg%éﬁFfP%é§y$$§g%%ﬁ%%yand]%%%%gting
vol tage based on factors such as CPU processor

ut (0002 advedt, conbiBhptiorP@uRIge Rt Telé@fonid@nS)fin@¥ystems has
changes, e.g. fromline power to battery. In such an

allpaeing ot topie vegecioly 36ty patabbksystestpsunie ys hetebook
det er m ned by ying a scal | factor to the current
orCoTER et S A Prereddand highep Bevep limited supply of

energy). As portable systems continue to expand their functions and consume

more power, different techniques have been developed to better manage their

power consumption, e.g. reduce their power consumption whenever possible.

[0003] Manufacturers of a computer system’s clocked processor elements, such
as a central processing unit (CPU) and a graphics processor (or controller), have
built into these elements a mechanism that allows its performance capability or
operating point to be adjusted on command. For example, the SpeedStep®
technology by Intel Corp., Santa Clara, California, allows software that is
running in the system to dynamically request a changes in the CPU clock
frequency and operating voltage based on factors such as CPU processor
utilization, when a power source for the system changes, e.g. from line power to
battery. In such an algorithm, a new processor clock frequency is determined by
applying a scaling factor to the current or actual frequency. The scaling factor
was computed based on the most recent “use” of the processor. For example, if

the processor was busy only 25% of the time (while performing a given
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was conputed based on the nost recent "use" of the

processor. For exanple, if the processor was busy only
wQaso9ssthe tine (while perform ng a gi venwor kPOET$2005/010163

then the frequency nmay be gradually scaled down to

about 25%of its current value. This reduction wll

reduce power consunption w thout conprom sing the

tinmely conpletion of the workload, provided of course

that the workl oad does not increase significantly.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] The

enbodi nents of the invention are illustrated by way of

exaotdled)rtbemthie firyuanyy mhy bé pradanilpscaied ddven fd Geues5% bf its

t he acconpa g drawings in which like references
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references t of t i,nvent in this
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angle LREMo gﬂes‘eﬁotln’?@?atseg%ﬁlﬁcgg )5] Fig. 1 shows a

conceptual diagramo onput er systemwi th

doubl ebuf fered di splay capability. [0006] Fig. 2

depi cts a ti MBRIEHDESGRIPTOONIOHE MHE DRIAFWINGST ender i ng

t hat nay be used for managi ng power consunpti on.

[0007] Fig. 3 shows a conceptual diagramof a conputer

syl9p metqainhqdinﬁrﬂ@ﬂ@@f theriagerdionsreillusaptad by ivray, offe@mgle and

d d f I buf f er ed
Fati? o el B RS R P R R Eicn
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met for managli ng power consumption 1n an electronic
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a conmputer system processor is provided a workl oad
same embodiment, and they mean at least one.

[0005] Fig. 1 shows a conceptual diagram of a computer system with double-

buffered display capability.

[0006] Fig. 2 depicts a timing diagram for double-buffered rendering that may

be used for managing power consumption.

[0007] Fig. 3 shows a conceptual diagram of a computer system with triple-
buffered display capability.

[0008] Fig. 4 depicts a timing diagram for triple-buffered rendering that may be

used for managing power consumption.

[0009] Fig. 5 shows a flow diagram of a method for managing power

consumption in an electronic system.
DETAILED DESCRIPTION

[0010] In many instances, a computer system processor is provided a workload

that has a real-time demand. For example, an operating system program might
2



that has a real-tinme demand. For exanple, an operating
system program m ght speci fy a m ni num video frane

WO 2608/098579 di spl ayi ng i mages (or soneti nmes ref ePCEUS1005/010163
as imge franes) on a nonitor of the system In such a
case, it has been determned that failing to consider
the CPU and graphics section together, in making each
operating point transition decision, may lead to frane
droppi ng (due to a processor clock frequency that is
not sufficiently high). In addition, applying the
use- based net hodol ogy descri bed above (to set a
prapeeifs @ miginook, fidegiiane yate éspudispiaging ithagest{hiesoRtdmes
and/or the graphics controller) could also result in
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finished and its deadline. In other words, rather than

d eapplying hehorgrbasesimethed plogy dssaibel abotre(émset wipeocessvo gtock
to. update an, operatin int requirement), this
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grieqfuleiy.control l er of a conputer system while the
real -tinme demand may be a target franme rate for

di spl aying video in the system Such a methodol ogy nay
bd 005 dAecording tean embedjmepbokthe drorestiomta pencassortdek

system while at the sa ti ovi di ng .enough
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graphics section), nmay also benefit fromsuch a

meprhesgenrd@y been (when about to update an operating point requirement), this
embodiment of the invention considers how close the completion of a given task
by the processor has come to its deadline. The processor may be a CPU or a
graphics controller of a computer system, while the real-time demand may be a
target frame rate for displaying video in the system. Such a methodology may
be used to better manage power consumption in the system, while at the same
time providing enough computing power to avoid dropped frames by a graphics
processing scheme. Other computing applications, such as a sequential or

cascaded processing scheme involving two or more processors (e.g., CPU and

graphics section), may also benefit from such a methodology.

[0012] Turning now to Fig. 1, a conceptual block diagram of a double-buffered
graphics-processing scheme in a computer system is shown. This example

system has a central processing unit (CPU) 104, e.g. having one or more
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[0012] Turning nowto Fig. 1, a conceptual bl ock
di agram of a doubl e-buffered graphics-processing

W@ ehenessrn a conputer systemis shown. This exeempUs2005/010163
system has a central processing unit (CPU) 104, e.g.
havi ng one or nor ePENTI UM processors by Intel Corp.,
of Santa Clara, California. Data for use by the CPU
104 can be stored in a storage 108, where the storage
may constitute different types of machi ne-readabl e
medi a such as solid state nenory (e.g., dynam c random
access nenory, static random access nenory, or other
t YRENDIUM @rocdssirabgIntell Girp), of SantaQlara @adiforhia. Meda fomjuse by
as well as in sone enbodi nents a magnetic rotating
di thi CHU 104, can e gioredial a orage 408 wherethe gtdsege ma eonstitute

o RS o S s o S0 Lk memor e
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b esopdrstat®iolatildior Weh-vel8iy Redilidd, Hwéhadipebiieiefthodifiérasn
113. Such prograns are to be accessed and executed by
t heagittic 16tting diskrdrivegaragpticekdislo dtivedr ethet 2ass Fomge device.

graphics controller 120 nmay be packaged as part of a
syStestieiage &vs lé?ééeY‘H?le@"é?‘é‘g? Bclucing Olteaqggbstwéﬁ grapBirs o

as_a syste i ivel '

SR RPGHEEE bne BASBLR N et B IEORRIS B
PrdoftnRfle €16, CltHelPND 96 Ward 18 HaG DeqARBfIdriRt frdghah 115 or an
communi cates with the CPU 104 via the systemchi pset

( nuperativgmypten] D31 Shch praghemeaaitpbe ackssed gnd execated by the
wor k|l oad i s presented the%gr aphi cs, application

L ed by
sdEkHdPdand/or o graphics copjreller 4B clhesgraphics prmtrober 190wmpay be
the hel p of th raphi.c ontrol |l er 120 he r kl.oad
T e e e A e
ONGsRin Ep&t 0 ARMAANeBDHRGSpIAES dt/BlIE 18Shay B SHtkaged
[ Se, re%de)?i ng theegﬁrfacgpvmsfh the hel p %}{‘ t]ﬁd;c °g°
grsephtatedy swdht asainl seprirdt@d ciratidbdalnd graphicsiadapigr eard that
resulting surface for display on the nonitor 124. An
exempnEnisates with the GPHCE4 §14 the system chipset (not shown).

[0013] In the example of Fig. 1, a workload is presented by the graphics
application software 112 that is to be executed by the CPU with the help of the
graphics controller 120. The workload may include describing a surface (e.g.,
identifying one or more graphics objects or primitives) in an image, rendering
the surface with the help of the graphics controller 120, and then providing a
resulting surface for display on the monitor 124. An example of such a process is
depicted in Fig. 1, for a double-buffered graphics processing scheme. In such a
scheme, there are two storage partitions 130, 134 (or buffers) that have been
allocated, each to store a separate image as described by the graphics application
software 112. Compare, Figs. 3 and 4 which refer to a triple buffered scheme

with three such partitions.



depicted in Fig. 1, for a double-buffered graphics

processi ng schene. In such a schene, there are two
wae@sagssTpartiti ons 130, 134 (or buffers) thatP¢EHUS2005/010163

been all ocated, each to store a separate inage as

descri bed by the graphics application software 112.

Conpare, Figs. 3 and 4 which refer to a triple

buf fered schene with three such partitions.[0014]

Returning to Fig. 1, after the CPU 104 has conpl et ed

its task of defining a first surface and storing the

data in the first partition 134, the CPU 104 may

svi00tH Rejutrtieg tvekip. 1, aster thikiGHU 108 Hah abmpletetbiictabbohdefiming a

second surface and storing that data in a second

paliet yrisge andstoppg ththdata in the dirgPapiins] Mothe GTU €04 mayp

 UPrRRIE M AR ek vl PR g of PlhclE P gL Rand pigrine
t Othgt ddth frfh RRAGAA Ehﬁfﬁoﬁ%@ﬂ Meamihild, he %agﬁ?% gch?ﬁoller 120 can

surface for a previous |Inmge exists

padctéss iteafirtiZarticion 18410 fehds thesurfassoiahe adaged MHiErendered
moni tor 124, while the other operations described

abigage i writtek favythitdepeatitipo 138. tNMeanvdnleea sendlgredasuiefapesfor a
applied to the. nmonitor 124, . this_ imge may need to be

- AP Ediieies S RoHPRER PREORII2 A SanaR 4 trapspedyed to the
g rlﬁ@ltd%r_ ltZF,WhiﬁaQtHé 'oﬁ{eg gf)éllatiéh; &L.%Ulgﬂecf Ji)%vg QPthﬁkgl%%?{ég\?v ﬁg)te

sequenti al” approach to"graphi cs processing nma

r ethat drice b ¥ulfh@is hppliel toah@mohftad 1245this il ayaladd b B
nunber of franes to be displayed on the nonitor 124
peefreghed in treemonitoriig¢ at dersxampte, 8 irapaighdatartharp@it{z.on of
the total power in the system For displaying notion
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Meyunites Of APk to Bd@isplaye] onfRage iR 1124 PéuriOfihart faj 16
provi ded here is designed to better nanage power

conssume & signifiantpdrtion of the dotpl powerdy thestysteq. For displaying

adll‘ucl)'lt%nni%nat sséerge? e%?ected minimum frame rates range from 10 to 25 frames per
second for dx7 quality computer animated images, to between 30 and 60 frames

+ per second for natural scenes. However, other frame rates may also apply. The
power management (PM) software 116 provided here is designed to better

. manage power consumption in such a system, by requesting adjustments to an
operating point of the CPU 104 and/or the graphics controller 120 while
performing their tasks, based on a deadline margin for real-time demand. The
real-time demand may be specified as a target frame rate in the operating system
113, such that all application programs running on top of the operating system
may need to always meet the target frame rate, e.g. no skipped frames allowed.

Alternatively, the target frame rate may be adjustable as determined or

commanded by the application software 112.



operating point of the CPU 104 and/or the graphics

controller 120 while performng their tasks, based on
w@2aeaeisine margin for real -time demand. The reel/Us1008010163

demand nay be specified as a target franme rate in the

operating system 113, such that all application

prograns running on top of the operating system nay

need to always neet the target franme rate, e.g. no

ski pped frames allowed. Alternatively, the target

frame rate may be adjustable as determ ned or

commanded by the application software 112.[0016] The

PMOSD6]t Theer BM bvfiwireey] Isemsxiocenceatet py theCPBPW04,Gle giadphics

graphics controller 120, or by some other processor

( resmtroHer?y, byt semesgiberaprocesgordRalrhewmh ef hesyetemoto change

clock frequen requi renent based qn a deadli ne nmargin

£ o beare Sty RRSY ahkRey RGPt rh proe fa o dfne relh K real-

Pk dembRd. RAGAE Es?é}n%tﬁgi i€ 1 plotid ¥ A dTBYc Ghrc ;é/

not be progranmabl e) that 1s tapable of evaluating t

r e@hat mhayeordeayanst befpragraninkdiie)dhanisicaabrrolietalastifd e real-

deadl i ne nargin (so as to set the processor cloc

f ridge deognd ebpivoddesd and deterthingng/the depdlinetaangin (seds to set

| ogi be, i npl ted in th : hj pset ,

polDR 2P EIoCE oGSy s B HBEHEHGRYL (elcB patdbtied logic
. j 0. Ei [ [ .qur, [ n

oot e BB e ek M B R Gl 16

| neonfp@nsyssfene gfsténh.g. 1. This diagramis al so used
here to expl ain how power consunption may be nanaged,

according to an enbodi ment of the invention, using the
d 881 7TInBurninggiow tofigs2, thisfiggrediepintaan edagiple Hinisg diagsen for

th opl em of m ssed deadl i .caused an .
| B e BTG Bu6 e SRR b i s de e o v
batdefo LR B Al u a
L e T
t GenfilRBALRICH, thdRIENtRRE USing T B@idthe Ha2818] ThRMnig dagram
set a processor clock frequency
also illustrates the problem of a missed deadline caused by an incorrectly
determined operating point transition. To better understand the timing
diagram, assume that a high level goal of the power management technique is to
repeatedly make operating point transitions (e.g., set a processor clock frequency
requirement) while a processor is performing a given workload, so that an actual

deadline margin (while the processor is performing the workload) approaches

zero. This should be achieved while trying not to miss any deadline.

[0018] Referring now to the waveforms in Fig. 2, the first waveform represents
work being done by the CPU portion of the system, so that whenever the
waveform is asserted, the CPU is performing some task associated with a given
workload. In this example, the numbers 1, 2, 3, ... refer to the tasks of preparing
or describing separate surfaces that are to be rendered. The second waveform

refers to the tasks performed by the graphics portion. As in sequential
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requirenment) while a processor is performng a given
wor kl oad, so that an actual deadline margin (while the
wEe@sesssey is performng the workl oad) approacP@€BFUE®ND010163
This shoul d be achieved while trying not to mss any
deadline. [0018] Referring nowto the waveforns in
Fig. 2, the first waveformrepresents work bei ng done
by the CPU portion of the system so that whenever the
waveformis asserted, the CPU is perform ng sone task
associated with a given workload. In this exanple, the
nunmbers 1, 2, 3, ... refer to the tasks of preparing
orproesssinghtiasig ] sftha padphiSprordaegsds hedulta bé tHeebfdrmance of task
rendered. The second waveformrefers to the tasks

pek bothedd Wportiva, elapnf te as@ﬁhiirsmprtim upas results of the

udet E%éﬁ%?%ﬂa%?#%gﬁﬁ%méw bt S Bt gy east o
POE pfibridsaRtdh Ay R RBRAAS; POLE LN URPRpREN e of

of t per mance” of task 2

S anOifagk diat Gxa bEnedes@iteld Hyahk CPU pditiofr AP hh GReR@kitd, @8ch
may i nclude rendering a part or all of a separate

s unskamay be defingdasgenddying dlepsrfacesin dsingld inmgelfywhetedhaeU

por t As an _.alternativ h task may be defi ned

P Sty R g P et pr gl iagofhah ok (i erent

tﬁ§§§3§&§faces were previously conmputed or defined as
er task, by a different processor). [0019] The

third rowin Fig. 2 indicates the points in tinme at

WHDO1D]aTheethirti@aly iR IFH R il ctdsH8 Phird Btahe hSwRSE 8 vefithal
indicating that a new i mage shoul d be ready for being
adtanding (\ga'pt)l sighal i aasemiedi indicatifg theat ahew itrage sliqudd be ready

[ , 212 sen S time between

QR IRE BHTSEHY SHRER 8 B By OF G AP eré?aaeoﬁmawerval
it

R s R A B
t Qmﬁh& deadiihedt Us§nbe tHatSphayRfnt nsrumd aarvmich {h@rsuisfa@ for the

second inmage, tinme interval 216 represents how cl ose
t Hstdovagk &t tiodr appliedhie theglonitor to be displayed. Similarly, for the

second image, time interval 216 represents how close the completion of the task

by the graphics portion has come to its deadline (indicated at Vsync 2).

[0020] As mentioned above, the timing diagram of Fig. 2 also illustrates a
missed deadline, as follows. Note how an operating point transition has
occurred at about the time that the graphics portion has completed its task 2.
This is a result of a power management algorithm having determined that an
operating point transition is needed, namely one that reduces a processor clock
frequency for the graphics portion, as well as perhaps for the CPU portion. The
transition leads to the performance of task 3 by the CPU portion taking
significantly longer than the performance of tasks 1 and 2. In addition, the
performance of task 3 by the graphics portion also takes longer than its

predecessors. Unfortunately, this change in operating point was too severe and

7



by the graphics portion has cone to its deadline

(indicated at Vsync 2). [0020] As nentioned above, the
WO povsrgesdd agram of Fig. 2 also illustrates a nmPGEES005/010163

deadl i ne, as follows. Note how an operating point

transition has occurred at about the tinme that the

graphics portion has conpleted its task 2. This is a

result of a power nanagenent al gorithm having

determ ned that an operating point transition is

needed, nanely one that reduces a processor clock

frequency for the graphics portion, as well as perhaps

f ohastdaese@Rble deadlinerio b# ndssed ah¥sitricdnbémasts a$ cart Beeseen in the

performance of task 3 by the CPU portion taking )

si tming diagrapy cppRlpsionoh gﬁﬁk B the praphiga postiet isdate ky the time

and, 2. Iq addition, the performance of task 3 by the

gr%ﬁﬂyég'%ortion al so takes longer than its

predecessors. Unfortunately, this change in operating

pP[OOElFWPéh%g%v&%thﬁé enigvad fmam%&agﬁ&h&?q&@é lish p%.qi,%nbe

m ssed at ync 3, because, as can be seen in the

t | ebglicheagefahe irventibetdqoastoin adjskindnt ar art bigerghigpboifsof

portion is late by the tine interval 218. [0021] To

he®is @ \hetltot the Glﬁlgg@aoa and sraphicsipogtiar, basedep) the dghehetween

Fi g. .an_enbadi nent .of,.the invention reqguests an .

TR oA s AT ol T B1e Bt A0t fleBind hein

cp : ' . I hes L

bt vaan Ceae AL UARR PR el BPGIEN, he™ e

C ainieervaloR1PariceZl6-alré eeantisiersfdlehdlimtgmargity fgetasks Bamd 2 Biving
(defined by the tine intervals of Vsync 1, 2, ...),

t heeeninpad, Whereps/tane irtervab @ indigates essentiallyl ‘@sgajive” deadline
deadl i.ne rgins for tasks 1 apd. 2 having been net ..
BR8] Plsr D S T8 BEn G 5 BRrp g point transition
" NRgAbE M%Jéggﬁ%mamﬁleaa{rgfn@n@of RSknotmt PPlife hAtedor the CPU

requeste justment or operating point transition

bepditisg endfor et gtaphitEpetibe tieRedmsplefe théle raspbitive tafkst i me
needed for the CPU portion and/or the graphics portion

t cAliermptivaly théiedquested pdjustiment maglbs based on one or more of the

measurements of the time intervals 212, 216 and 218.

[0022] The requested requirement for the operating point of a processor can be
of different types. For example, a specified operating point may be a value or
processor mode of operation that has a predefined clock frequency at which a
core of the processor operates. The specified operating point may alternatively
be an offset to the frequency of a clock, such as a positive or a negative offset
depending upon whether an increase or decrease in performance is desired. Yet
another alternative may be to specify the operating point as a direction of
increase or decrease in the frequency of a clock, with a predetermined frequency

increment.

[0023] It should be noted that the change in the operating point may be based

not only on the deadline margin for a real-time demand, but also on the expected
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Al ternatively, the requested adjustnent may be based
on one or nore of the nmeasurenents of the tine

WO pi0s098Ers 212, 216 and 218. [0022] The requesPErUS2005/010163
requi renent for the operating point of a processor can
be of different types. For exanple, a specified
operating point nay be a val ue or processor node of
operation that has a predefined clock frequency at
whi ch a core of the processor operates. The specified
operating point nmay alternatively be an offset to the
frequency of a clock, such as a positive or a negative

of dheege @eponi the worklvadh Ebheramgde, iim tregasphios prdeasgseheme
in_performance is desired. Yet another alternative nay
bedaserikedetrys theywogderdhmay ghangerathgs unexpestedly] asyp per frame

[ or .d in.the f f cl.ock, wt
o PR G e Rt rERe e ipe it eed o
D &flepiclly tHefr ARG AnlifhabbnPMEH A 120 R MIoWRYe D
based not  only on the deadlihe margin for a real-tine
degoadpredivtior alagbedhe phwicsieeia@dedpngbef pbriafyihgilagt he
wor kl oad. For exanple, in the graphics processing
s cleatpxt ke padh astabyept seene chengds a:Elm:avle é@ﬂhwgie%g f@mﬁa

t ed| . o fr, basi s,.’ ing it difficult
{ GBF BEIER AP AE PP RRSEAE FoiEF T HEEBLDS ordr
R B R R b e

previous frame (except when performng | arge context
swi t ches sudin)as fabtupll-gapne: §hanges). Thus, the

foll owi ng fqfnul be uwsed to.specify the "next"
oper ati ng pgfnt ?Eg§¥?5%9n nggiegn%% a current
operating pdfnt, ff<fmiprtber&sor min a gr aphi cs
processi ng enbodi nent: f(n) = f(n-1) (I-x(n)/T) * S If

;S%L)leﬁg E(g?fé thd Hﬁe@atfir(é] r!loc?kf gg(i(uelrlfcy Ioﬁlmvufgf ﬁ[je r%fan%{t]i%pl, tf(l’{-T} is the
current or previous operating frequency, x(n) is the deadline margin in seconds
(for the real-time demand), T is total time to complete the task, and Sis a safety
factor (a coefficient that serves to make the operating point transition less
drastic). The above formula assumes therefore that the operating frequency for

the previous frame is a good predictor for the next frame.

[0024] Recall once again that an overall goal may be to repeatedly set a
processor clock frequency requirement, while a processor is performing a
workload, so that an actual deadline margin (while the processor is performing
the workload) approaches zero. Ideally, this should be done without missing
any deadlines, although in practice this may not always be possible to meet. The
goal may thus be to effectively select the lowest possible operating point for the
processor that can still meet the demand. It is expected that this goal may be met
more easily, especially for the sequential processing embodiment where there is

more than one processor, by basing the operating point transitions of the
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where f(n) is the operating clock frequency foll ow ng
the transition, f(n-1) is the current or previous
wopesarssmy frequency, x(n) is the deadline marBCTURI005/010163
seconds (for the real-tinme demand), T is total tinme to
conplete the task, and Sis a safety factor (a
coefficient that serves to nmake the operating point
transition less drastic). The above fornula assunes
therefore that the operating frequency for the
previous frame is a good predictor for the next frane.
[ 0024] Recall once again that an overall goal may be
t oproegzsart @ddleadiine marging fregealrtingd derkarid, eathenttyin based solely on
requi renent, while_ a processor is performng a
manwéaw,t@@r?q@a%oraﬁSE%eaMm deadline margin (while the
processor is performng the workl oad) approaches zero.

| d ' | ' M SSin .
el shas MRt be 6, 3R b TG EPtessine e
pasabdlifeh® tHERLAINORaf0A mdTERe diiisud %eﬁ&r@ﬁ@ﬁ@éfiﬁl{@ tidhe

sel ect the | owest possible oOperating point for the
priztessorontplatiorclanthetCRT ofieletitifyirey denmamiore Igkaptcs surfaces in
expected that this goal may be net nore easily,

! LY .
esHiEage) andrthe stapof senflesingithgse spefaces s Algmatinelli the margin
where. there i §,nore than, .on cessor, by basi he
ofBPLPT AGmBUe PR e et Rrapraesdelyy B U o
de@dhti)endBraBhis shu@hcel, SAhert HIBeARIRE thay 1R IBRindd 28n a
based Sol ety on how busy the processor-has been.

[ CaRG]atids, et iemas;, abaveal nidasulehenCiill pandfacirddpat in

graphi cs processi ng enbodi ment, the deadline margin

mespebtican Sipilerdy, fordhe graphigspoption, Hee ddadiingaravginmay be a -

conpl eti on by.the of identi.fying one or nore

o Bty Of Sedtng hebyRer Risgiletinh by Shecsigp s Pafeion of

r §RAGL Gt ! - '

oy e ARRE Gl GER of Al Aepliin i Mg oA

neadeigor) Buti metftidethonts @it el naddigy, giranbngte, SiSA6LS,

where this estimate may be obtained froma sinulation,

r aehderingrnginntoarritaattin stvepstaturiiaken ffoma freermfizgngr ed

pq{atrdwlfvgre counter, for example) to main memory or to a location in a system
chipset, that refers to the point in time at which frame rendering was finished.
Operating system software or other software such as a graphics driver may
compute the time that will be needed (or that is actually spent) by the CPU or by

the graphics portion, to perform their respective tasks.

| [0026] Referring now to Fig. 3, what is shown is a conceptual diagram of a
computer system with triple-buffered display capability. In this example, when
the CPU is writing the results of its task 1, the graphics controller may be
reading the results of an earlier, completed task from a different buffer portion.

A third buffer portion is allocated, to allow the graphics controller and the CPU
even more flexibility in their performance of their respective tasks; this may

further reduce the amount of time either processor spends being idle while
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operation. Simlarly, for the graphics portion, the
deadl ine margin nmay be a neasurenent of the tine
whedodeess7conpl eti on by the graphics portion of PCT/US2005/010163
rendering an i mage, and the start of actually
di spl aying the image on the nonitor. Such nmeasurenents
may be made by, for exanple, designing a rendering
engine to wite a tinme stanp value (taken froma
free-running hardware counter, for exanple) to main
menory or to a location in a system chipset, that
refers to the point in tine at which frane rendering
waw aitingifstheebluffePperiadn todesyne evaikblet Wethough aatiherrect
software such as a graphics driver may_conpute the

t i FEplemgntatipn pf pRerpfEngeint tsansitipns may sidlirasnlt ip raigeast )
by, the CPU or, th hi ] t f,
CrsenTpeiayetin e SR AIRRg R SRR Rb AR b B Rith agram of

2 LA RN Ly, USSR OBl AN or

t hdlsckein aedhlcing this @rodebor ABtk frequdnicy ahgach heankigist lpbst Of
its task 1, the graphics controller may be reading the
results of an earlier, conpleted task froma different

bulPP27] Ipche plepve deserhed enhptiraentpsemiesnedhgnisin mannead, to be

t | | t hi troll t he CPU

v itsb gt AR Rt PRsERP it M B hdraes pead A able
t asleRor bbdnSinBRYaildbid BRE: the BRI gFgcegﬁ?? %{%riaﬁgﬂfgornﬁgller)

ei ther proceSsor spends being |

buidseompistéd mading theboffer addiak abinpletedl it dehatad task. One
incorrect inplenmentation of operating point

t rsagh techpiqete meay et toprovide (P softwrirsthatiisdiesighed taspadl/iba

inthe triple bufferi scenario,. a e in the, .

t iR Ctreutrol By completign of ¢ patictip Facky iyt e polling
r ) . C

S8Rt SeAnt e rBhn bl PR IRE R Do

edowet pewed hbde) speh 8 Sledp303dd. A ftotdifgiFPRMSrofRECH Fhg@r

enbodi nents, sone nmechani sm nmay need to be provided so

t radugtipm ifiposver persuapdion, greergbodimignt @RbY irhentoes direated to

Ofecfrljlliprpeu_lé,r'I al%bsleceond processor (e.g., the graphics controller) with the capability
to interrupt the first processor once it has finished a given task (thereby making
a buffer available for use by the first processor). This may help maintain the
CPU in a lower power consumption mode in between the periods of time in
which the CPU is performing its tasks. Thus, for example, referring to Fig. 2, the
interrupt signaling capability allows the CPU portion to be placed into a lower
power consumption mode (e.g., a Sleep mode) in intervals 220, 224, 226, 228, etc.
As an alternative, or in addition to such a change, the CPU may, on average, be

operated at a lower clock frequency when performing a sequence of graphics

tasks, because its polling duties have been significantly reduced.

[0028] The interrupt signaling embodiment may be applicable to both the

double-buffered and triple-buffered graphics processing scenarios described
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buffer becom ng available, after the second processor
(e.g., a graphics controller) has conpl eted reading

wo b@soefsfer and has conpleted its associ ated tBSRUSION&010163
such techni que may be to provide CPU software that is
designed to poll the graphics controller for
conpletion of a particular task. However, while
polling, the CPUis typically inits nornal or active
node of operation, as conpared to a | ower power node,
such as Sl eep node. Accordingly, to pronote a further
reduction in power consunption, an enbodi nent of the
i natervei blowiesex in smhechses) theoUP P paygntpose s edatinekly significant
processor (e.g., the graphics controller) with the
c aPMBTURtESTViGNg ey fhet is A@eripd of time fomz when gn drterrupt has
h finish a giyen task (thereby .maki a buffer
o BRer AR e RealtE ferb R BT AR e g, an
h ' ' [ I r tyi :
m@gﬁbr{[ﬁit LR rBGﬁ\@Bthﬂ%&ajsl@’éﬁ co@XE A ﬁ@hﬂé‘g %cglﬁdulmg

bet ween the periods of tinme in

| Sofftesidk domtha CPU Biay asédto bEMadyariced”, ex prplide thegfrgsHitsng
to Fig. 2, the interrupt signaling capability allows
t heontplepwith eppuglotaples 3ol thetdtideasmet bedooweddlepwhide waiting for the

co tion node (e.g., a,Sleep node)..in intervals
207U BB rvigs 58 st efudSis T PR ABTARLICS B fapmpleted
a

R R L e
s efpte g adRifodtod MhEisefbR s theb beffeidfis bbén Palé hvdlaBlétHyahe

have been significantly.reduced. [0028] The interrupt

si GREIsp tapt grapdddsren perfaym ite nexstske dblsds b elnpletofi ghere the

doubl e- buffered and triple-buffered graphi

p r%wi%év%ei EEHART G SRS e B RSV Bl bt

cases, the CPU may inpose a relatively significant

| "f0BES IR SRI N d i) B1GAGE echliaf mbhod BRRATAL

f rltgm \/J;henr aminterr §pt ahas @eeen rnélctzllove to %:t %EHV%E

s efovib@inpgort fitarl dlé@fonipdysyn Beleé@iball BY mdadk oX 86W Bagram.

interrupt service routine to change tasks or context.

AcBds tianghkgmplee aseheehilal processingashemnd mwolvieg @Reastrigst and

n eseegorgcp pr%%essgr%.v ?J?)%reaqcioh bteging rw%' f()jr%vitc{ijr?g rea%iegtl p?:gcessor with a
first task to perform (block 504). A second processor of the system is also
provided with another task to perform, where performance of the task by the
second processor will use a result of the performance of the first task (block 508).
As an example, the tasks may be related to the describing and rendering of
images in a video sequence. The tasks for the first processor may be the
identification or description of the models for one or more surfaces to be

rendered, whereas the tasks for the second processor will involve actually

rendering the defined surfaces and creating display images.

[0030] Note that the boundaries of each graphics task need not be drawn along
entire or complete surfaces. For example, rather than completely defining an

entire surface, and then rendering the entire surface, the surface may be defined
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controller with enough tasks so that it does not
becone idle while waiting for the CPU to service its
WO ni0osn9sspt requests. For exanple, if graphics P@yUS2005/010163
conpl eted a task and thereby nade a particul ar buffer
avai l able to the CPU, graphics need not stay idle for
too | ong before another buffer has been nmade avail abl e
by the CPU so that graphics can performits next task.
This is an exanple of where the triple-buffered
scenario may be nore effective than the
doubl e- buffered one. [0029] Turning nowto Fig. 5, a
noinepagis aad dhenmetderdd fropars magraepch pagris defirsxdnpidi then | n
an el ectronic system i.s described by neans of a flow

d| rgpriereel Prior & ths figst andapeand prpcegsye amsafedlag tcpﬂ@ciee&mwg

ch I I i d
Q_O g ]iefllg%\l/ 0 %ﬂl n b@a\%ckUﬁg S%VI rlg] ta'le?l'hodof eg%l%aybgl ges > qlcable to
Wi s ks thdr thidn %%f&ﬂd@ﬁ a?iﬁ@ gogb&‘ééing 04). A second

processor of the systenii provi ded wi th anot her
task to perform where performance of the task by the
sel003H Referigdark wi Fig. §)siee fow elsagramaficltides thefréierepertion
of the first task (block 508). As an exanple, the

t asfwgquﬁavnmn Adilategt fan weera@sg:mlm ofepraea bpvridhe fvgst and

or5EEELaRer g ofk 127 B Y fesighed 10 BRS sl PPUFY of
t %n%qﬁ%lﬁré {Pthe @ﬁgtr&'hc @mst‘l‘lﬁ’f @%fore Eﬁ‘lcﬁﬁtlgi %@?ﬁ{ € d,

vvhereas tasks for the second procéssor’w

| npeaformaned efahé first amdlsecond ptdstesﬁm‘ fion kirsdéfinad esskanRather
creating dlwgl ay images. [0030] Note that the

bohad hasieg s ada@hngittapﬂe n;the Mﬁh@é@nmth&fersmm second
al on entire surf aces., For exa r at her
s TS doy e g SRRt e Eitenfio fdebghediaTRsitie Phon
A e BBy LG et B G R YR

I'n part then ren In parts, wher e each

padompléetichedfithestcand tdsk and ite ddedlB@. Qﬁi@(’érx{éﬂe giken hbdvetwas a
and second processors proceeding to the finition and

e
r evidea/graghiss procsssinyperheme hpuing a e tnerdeanidirothy forayof a

I I I
2 tggge? anip eatlec ﬁbdgc’nons to the processor clock frequency of the CPU

and/or the graphics were done based upon the deadline margin for the real-time
demand being in that case the period of time remaining from when a particular
surface or image has been rendered into an image form and is ready for display,
to the point at which the image was scheduled to be applied and shown on a
monitor. Other ways of defining the deadline margin for the graphics
processing scheme are possible. As suggested above, an overall goal of the
methodology may be to reduce the deadline margin gradually to zero, as the
video/graphics sequence progresses, while trying not to have too many (or any)

dropped frames due to the reduction in processor clock frequency.

[0032] Although the power management techniques described above are

applicable in a wide range of different types of electronic systems, including for
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tasks ot her than those found in graphics processing.
[ 0031] Referring back to Fig. 5, the flow di agram

w0 p@b0ess39 t he further operation of requesting BEI/US2005/010163
adjustnment to an operating point of one or both of the
first and second processors (block 512). This is
designed to better nanage power consunption in the
el ectronic system that is nore efficiently use the
performance of the first and second processors for
their defined tasks. Rather than basing such
adj ustnents solely on the utilization of the first
anekaorpls deskiap pmamdessysemsandesabed, tenpovedr cohaimption
invention is designed to conpute or determ ne_ these

adpanetifsen tlae isgguesmmaydasipartipulady degrableia noripblesystame that
| et f th d k i t,s deadl.ine.
R pu e B B o B or O Sl P ke Hpdsbinpliet

sqg@gﬁhhaving a real-tine demand in the formof a

target franme rate. Reductions to the processor clock
frequency of the CPU and/or the graphics were done
bal9033]ufome ednbodiemats af chenmvegntiorn ey bl provéddd ds an®mputer
demand being in that case the period of tine remaining

f rRfeST#R ﬁr%?%é?lt joéfuyage whighfraeseinshude regechingsonseryputer-
render.ed into an . mge rmand is ready.for display

{ RS pief PRinp oo, Heriegae ko e Rbirvey b B o

a r .
B o B O e e B e i
are apasshdaimentAd thaiggesticd Ialbaee embodivetg lope@tiahs @ight be
t he net hodol ogy may be to reduce the deadline margin
grkafsamed byspe@fiehardevarteonypensstsghairientain seegerdisehardwired

pr.ogresses, while tryi not to jhave too man or _an
o S R e R E R
f regueary nhgg@g Al t hough the power managenent
té%ﬁnﬁ%ué? escr#bed above are applicable in a wde
range of different types of electronic systens,
I NOD34i Agndchirexenidbie tedkinomag bty afecBytdsr MRatgncvides, i.e.
servers, the power consunption '
stores or transmits, information in a form accessible by a machine (e.g., a set of
one or more processors, a desktop computer, a portable computer, a
manufacturing tool, or any other device that has a processor). E.g.,
recordable/non-recordable media such as read oﬁly memory (ROM), random
access memory (RAM), magnetic rotating disk storage media, optical disk
storage media, as well as electrical, optical, acoustical or other form of

propagated signals (e.g., carrier waves, infrared signals, etc.)

[0035] To summarize, various embodiments of a technique for managing power
consumption have been described. In the foregoing specification, the invention
has been described with reference to specific exemplary embodiments thereof. It
will, however, be evident that various modifications and changes may be made
thereto without departing from the broader spirit and scope of the invention as

set forth in the appended claims. For instance, a given example of adjustments

14



benefits of the techniques may be particularly
desirable in portable systens that are powered by
wWe@paokhe98s20 battery or fuel cell which have a |iPeCT/E82005/010163
supply of energy. [0033] Sonme enbodi nents of the
i nvention may be provided as a conputer program
product or software which may include a machi ne or
comput erreadabl e nmedi um havi ng stored thereon
i nstructions which may be used to program a conputer
(or other electronic devices) to performa process
according to an enbodi nent of the invention. In other
erthdt ofiting pyiatsal a@hscesdop Mas beedadtioarotttrénge spthei f i c
har dwar e conponents that contain mcrocode, hardw red
| qgpesssasrclasic frpquenaynthiniiequsncioehange gragrhesgcropyiedby a
copponent s and .cust om hardware conpongnts. [0034] A
o e BT VR e OSSR BFA R aoR ROt
pr . . .8S. Of r . .
F st eRRton  Phe SHEARERI N onh et fre WGRHRBl) Bbd Bpdided n
NME11RStRR RS $hSy than AesdtiiapreGongRut er, a portabl e
conmputer, a manufacturing tool, or any other device
that has a processor). E.g., recordabl e/ non-recordable
medi a such as read only nmenory (ROV), random access
menory (RAM), magnetic rotating disk storage nedia,
optical disk storage nedia, as well as electrical,
opti cal, acoustical or other form of propagated
signals (e.g., carrier waves, infrared signals, etc.)
[ 0035] To sunmmari ze, various enbodi nents of a
techni que for managi ng power consunption have been
described. In the foregoing specification, the
i nvention has been described with reference to
specific exenplary enbodi nents thereof. It wll,
however, be evident that various nodifications and
changes may be made
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thereto without departing fromthe broader spirit and
scope of the invention as set forth in the appended
w@b@snoesss7dor i nstance, a given exanpl e of adj uBCTESL085/010163
the operating points of a processor was a reduction or
increase in the processor clock frequency; this
frequency change nay be acconpani ed by a change in the
supply voltage of the processor to further reduce
power consunption. The specification and draw ngs are,
accordingly, to be regarded in an illustrative rather
than a restrictive sense. CLAIMS What is clained is: 1.
A net hod for managi ng power consunption in an
el ectronic system conpri sCGhAIMS ovi ding a first
processor of the systemwth a first task to perform
provi di ng.a second processor of the systemwth a
seloatisckimed 5 perform wherei n performance of the
second task will use a result of the perfornmance of
t fir : d.r est| justnment . to. an
0 Blg rati %tén%%?&n{or%&ng ﬁgl%g?&ﬁ% gg?sl%ﬁh and “S&CS F]rgglc System,
pr 3 to better manage power consunption in the
el ectronict system based on the tine between
conpl et pronidifig & fiest peaessdr bt sgstemiwith o e taskeo perforitye
met hod of c]Jaim1 wherein the requested adjustnent is
to decrayilingasqcond papressospf e sysenseish a seopl task taaj d

el TE T RO e TR e PR RS B gt o

tq#gﬂﬁﬁgﬁ&gﬁqﬂgﬁﬁﬁggygﬁﬁy of a processor clock if said
ti i ndi cates that the deadline was not nmet. 4. The

met hod wfuedtiagnmhdjsaneaitno thepératisg paint oS@eosfdhé fissk and
relate to
second processors to better manage power consumption in the electronic system,

based on the time between completion of the second task and its deadline.

2. The method of claim 1 wherein the requested adjustment is to decrease
the frequency of a processor clock if said time indicates that the deadline was

met.

3. The method of claim 1 wherein the requested adjustment is to increase
the frequency of a processor clock if said time indicates that the deadline was not

met.

4. The method of claim 1 wherein the first and second tasks relate to
describing and rendering images by the system, the method further comprising
computing the deadlines of the first and second tasks based on a target frame

rate for displaying images.

5. The method of claim 1 further comprising measuring the amount of time

needed for the first processor to complete the first task and the amount of time
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descri bing and rendering i mages by the system the
nmet hod further conprising conputing the deadlines of

wao b®s/09853¢ and second tasks based on a target PCHDS2005/010163
rate for displaying i mages. 5. The nethod of claim1l
further conprising neasuring the anmount of tine needed
for the first processor to conplete the first task and
the amount of tinmeneeded for the second processor to
conpl ete the second task, wherein the requested
adjustnent is based on said neasurenents. 6. The
nmet hod of claim4 further conprising: signaling an
I nieedled for thosdebred pracsisoptoaassiete thysdctied sak omerein the
processor upon the conpletion of the second task. 7.
Theqrestesbiimentis bpged piesaid measidempniss and second
processors performtheir respective tasks according to
triple buffere raphi,cs processing. 8. A nethod
c&%prigﬁﬁﬁPE%Pg6€8?ﬁﬁ4§u% TCREESP W t h a workl oad t hat
has a rﬁ@kaﬁqgraﬁ iﬁit%ffﬁ?gio A8 %1t YrbdeBidr By REOSRSPprdcbQ6Kupon
frequency requirenent for the processodor based on a
dethd lcompletipn gf thefsecoridtask.eal -ti ne demand. 9. The
met hod of claim8 wherein the real-tine demand is a

target franme rate for displayin iqﬁge frames. 10. The
nef-hod e I@Ptapﬁwcmémﬁr%@%ba sesond progessPEsRERform

f.the ti t ' 1l et by th f
S S R R C e L A
and (ii) a start of rendering the one or nore graphics

sug.f aceg metlod ddisp@ispod of claim9 wherein the margin

is conputed based on (i) an estimate of the tine

needed fapvidieg ppowessowithea waodddadfthatdns agealtbnedemand; and
raphics

arap setting a processor clock frequency requirement for the processor based

on a deadline margin for the real-time demand.

9. The method of claim 8 wherein the real-time demand is a target frame

rate for displaying image frames.

10. The method of claim 9 wherein the margin is a measurement of the time
between (i) completion by the processor of identifying one or more graphics
surfaces in an image, and (ii) a start of rendering the one or more graphics

surfaces.

11.  The method of claim 9 wherein the margin is computed based on (i) an
estimate of the time needed by the processor to identify one or more graphics
surfaces in an image, (ii) an estimate of the time needed to render the one or

more graphics surfaces, and (iii) the target frame rate.

12.  The method of claim 9 wherein the margin is a measurement of the time
between (i) completion by the processor of rendering an image, and (ii) a start of

displaying the image.
17



surfaces in an image, (ii) an estimate of the tine
needed to render the one or nore graphics surfaces,
w@ees09857) the target frane rate. 12. The net hpdr/v§2005/010163
claim9 wherein the margin is a neasurenent of the
time between (i) conpletion by the processor of
rendering an image, and (ii) a start of displaying the
i mge. 13. The nethod of claim9 wherein the margin is
conmput ed based on (i) an estinmate of the tine needed
by the processor to render an inmage, and (ii) the
target frame rate. 14. A systemconprising: a centra
pridc es sThegmetthiot] of €lkld) 9 whegeia it margho is doalpueed leasah be ) an
to the CPU, a nonitor coupled to the graphics .
c stimate efrthe Hmg nepdast Ky b pregeniando renster ae imagesanch@i) the
mﬂgn gégcuted by the CPU, (i) identify nodels of
sUPTESEBE™PIe rendered in an i mage, wherein the inmage
is to be rendered by the graphics controller and then
?iﬁplaxgqyﬁgngggl__ﬁﬁgor in accordance with a target
rame rate, and (i1) “specify an operating point for
one of 4 kmt@Pploaeingraph(iCP&)control | er, based on a
deadl ine margin for the target frane rate. 15. The
syst em agraphis pertrplighequailed tothe 658k at i ng point is a
value that represents one of. (i) a.clock frequency,
(ii) arfBPpY Coplecia ﬂi‘er%fdﬁfé’ﬁévg%fouﬁf'@rl ck, and (iii)
a directj ' ; [ .
o a clmepon ot B A Rl SR IR et b BT
| NEktifg trhdeds of WaEAced X beltdidleRv ihha ik, wiResh ite nlige is to
operating point of the graphics controller based on
t Hze tehdered by Weegraphiesicentradiariand thgnidisplayied o the gieaitobin
t haeccgrrdggpel Vc\:/'lsth g?&ﬂ*tggtotjralln?er ra%er: %ng (ii) specify an operating point for one of
the CPU and graphics controller, based on a deadline margin for the target frame

rate.

15.  The system of claim 14 wherein the operating point is a value that
represents one of (i) a clock frequency, (ii) an offset to the frequency of a clock,

and (iii) a direction of increase or decrease in the frequency of a clock.

16.  The system of claim 14 wherein the instructions, when executed by the
CPU, specify the operating point of the graphics controller based on the time
between when a rendering task is finished by the graphics controller and a

deadline of the task.

17.  The system of claim 16 wherein the instructions, when executed by the
CPU, specify the operating point of the CPU based on the time taken by the CPU
to finish specifying the mathematical models of graphics objects in an image and

the time taken by the graphics controller to render the image.
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deadl i ne of the task. 17. The system of claim 16

wherein the instructions, when executed by the CPU
WGEp@si9d8s74 he operating point of the CPU based per/ukm05/010163

time taken by the CPU to finish specifying the

mat hemati cal nodel s of graphics objects in an inmage

and the tine taken by the graphics controller to

render the imge.18. The system of claim 14 wherein

the instructions, when executed by the CPU, specify

t he operating points for the CPU and the graphics

controll er, based on values recorded in the system

t & r efeegysiem aficlaiot avhekiagbe thstriungome edhed exaruted by the

conpl etely render an inage by the graphics_controtler

an'd Hrﬁpge%mme oPeEsREPontHor HedBY and the gpsiphics cemfgoller, based

identificatiagn.of .the nodgl,s of graphics.qgbjegts in

s TV HERC e ALt PRt st tetisschial 2ol dapsel tEnesqded to

14 : Lo . . .

P PR e D B KRR i fn Ao

t hitmERebdedCo cinplesy thie éderaificaticn oh thO mnldelseif graphidsiobjects in

hi gh performance node, the CPU operates at a higher

cl wékimagedydhe pragagsont a hi gher supply voltage than in

the | ow performance node. 21. An article of

uf acf.ure co L S ng: machi ne- r.eadabl e, medi. um
Wi R o B e R e ST e ineamiins one of a
[ AR PbioRflarkl fl el DB PerfoRiih B! o e éplrar get
processor to (i) reduce power consunption by the
target processor while the target processor perforns
t 2. wor Rieosyeteanaf ddim)19neledreia ip thirldgh pyrfofmaaaphele) the CPU
deadlines for a plurality of tasks in the workl oad,
wheesates atrpchighar stask dxpquenqyiand mé ahighsr papplyl veliagathan in the
eHa sed.tinme between conpletion of a task and its
ded P?%%anﬁq”$ﬂ “article of manufacture of claim 21
wherein the data is to define the

21.  An article of manufacture comprising:

a machine-readable medium which has data that, when accessed by a
processor, requests an operating point requirement for a target processor to (i)
reduce power consumption by the target processor while the target processor
performs the workload and (ii) meet a plurality of completion deadlines for a
plurality of tasks in the workload, wherein the requested requirement is based

on an elapsed time between completion of a task and its deadline.

22.  The article of manufacture of claim 21 wherein the data is to define the
requested operating point requirement as a decrease in the frequency of an

operating clock for the processor.

23.  The article of manufacture of claim 21 wherein the data is part of a

computer operating system program.
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data is part of a conmputer operating system

program 24. The article of manufacture of claim2 1

wherein the data is part of a conputer systemdriver

program

24.  The article of manufacture of claim 21 wherein the data is part of a

computer system driver program.
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