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FI ELD OF THE 1 NVENTION 5 [00011 The present invention relates generally to
conput er proc¥R&¥7#pthner nanagenent, and nore specifically trcTavsoeapzeved
met hod for .determning optimum performance. |level transition points.
BACKGROUND OF THE | NVENTI ON [ 00021 Mobi |l e PC manufacturers conpete to

i ncrease syst end METBOMEOE MRTEBMININGEIRANSHT N ROINEAON MALMIRLE ng
power consunption. MBREORMANEESSFKATHE CAhEBLE METRGRRACESAORS cal | y.
However, because it is not desirable to have |larger batteries, and battery
ef fici ency hISERDIORIWE PECBNTION processor performance, battery life for
systens operating at peak performance has been drastically reduced.

Manuf act uber $000d} r odihe @eksérit thvestipatlates fateaiily pPOsMputn Brob&Edr@bwance contr ol

to prolong battery life. For exanple, a user 15 watching a novie nmay w sh
to | ower powefanggnruypid QoredpeciitellE@%h iRprodedinBinsh M datetalihihy optinfun®r der to
prol ong battery life |long enough to conplete the novie. Power and

performance gé&fdrin@hcel ISveRtreRitidf @dints0 control thermals. For exanple if a
processor is overheating, the user may | ower the performance thus | owering

the power cOBAURGROUNBOF THHINVESMGORY the heat. In a typical power
managenent system (PVB) the user 20 provides a series of inputs to the

e pgfmahﬂﬁ?tﬁ{éﬁs;&@_@%ﬁ}’rﬁ}e%@ s&%@d H%rf&ln ernakivel y, the

power managefgpi] POktd
PMS m ght ben?n ]enbedg d part o e user |nt6u a preference

t owar d bﬂj t elreMUJiljlé & 9 feagt%{tﬂnﬁgﬁB\géPCBSJufrn%liian%bilJ }b@pé%?o%axme%‘st I ndi cate

increased dramaticaily, However, because it is not desirable to have larger batteries, and
battery efficiency has not Vkept pace with processor performance, battery life for systems
operating at peak performance has been drastically reduced. Manufacturers introduced the
capability of power and performance control to profong battery life. rFor example, a user

15 watching a movie may wish to lower power consumption at the cost of diminished quality
in order to prolong battery life long enough to complete the movie. Power and
performance contro! is also used to control thermals. For example if a processor is
overheating, the user may lower the perforfnancc thus lowering the power consumption

; ) and thus reducing the heat. Ina typ-ic.al power m.anagcm_cnt system (PMS) the user

20  provides a series of inputs to thé power management portion of the operating system (OS).
Alternatively, the PMS might be an embedded part of the OS. The user rﬁight input a
preference toward battery life or toQard system per.formance. The user migﬁt indicate
energy conservation for DC operation anﬁ syste@ performance optimization for AC
operation. |

25  [0003] Historically, the reduction in power consumption had a linear reiationship to

the reduction in system performance. For example, a system running at 500 Mhz and
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energy conservation for DC operation and system performance optim zation
for AC operation. 25 [0003] Historically, the reduction in powerSEP 7005
consynption had a linear relationship to the reduction in system

per f-or mance. WRIFOVERHhpl e, a system running at 500 Mz and 1 AGI/BER02GR5 WO
02/ 074046 PCT/ US02/ 02028 using 10 watts could be throttled down to 250Mhz
and use 5 watts. Wien a systemis run against a fixed workload, a PM5

exhi bi ti ng tusing lI0iwegta coulébathtontesibopn pe dMiMiesnt utd I wattse Vélidnta siystem idren way of
prol onged battery life. That is, a systemrunning at half the speed for

twice as | cigginwal fixed @@ekiRid] SPVS hehibRiNg tANMeat refationship@rendes hidicbeasfeigy. The
systemw Il run 5 cooler, but no nore work is acconplished. [00041 More

recent syst ahiswageliRsiondelibstdsPMee Thatly, atspdniGinAilY aniadfke Ghed Retaeat i on
governi ng power consunption in CMOS circuits. This equation is P=kV2F,

where P is t&g wilQesmMRA HeRAe adfound fo? HERxFPAS] @iREgy. Yhé Systehewlnphi ed
voltage and F is the operating frequency. Application of this equation

shows that osERblLt dafse Wollls hitoplidR@e may 10 provide a large reduction in
power consunption. Using a voltage-varying schene in which the power is

. -applied overgjop. t gfe?écgﬁt%ﬁsrtﬁéoé%g%ég @gstcg)fé%&ﬁ)i’\?%ﬁ 2RAnth & d¥8he G&Rﬂp: idShed

with | ess energy and hence A typlcal PNV5 wou
owe vol t agor i T o g ahAphoERASKATRNE. T culiR PR wiere RSt 1y o
T or ot , S Sl 5 58t enseny N AR pre R o BRRTE Bine PR RED, B 0
i%;§Ut tot h‘ta'recspyc%gf r&}?pr?gétic;nfof t ?ssf.iq[lz%lddn sﬁcr)]\gs? t atr%tos%a‘l(%edsu\é\éigncip VE)Ragle?any
10 provide a large reduction in power éousumption. Using a voltage-varying scheme in
which the power is applied over time, therefore, allows for fixed workload to be
accomplished with less energy and hence prolonged battery life. A typical PMS would
provide a high-voltage/high-frequency mode for AC use and a low-voltage/low-frequency
mode for DC use. The modes are implemented by a software program which detects
15  whether the AC adapter has been plugged in, or not, and switches mode accordingly. The
user could also provide input to the system and, if desired, chose not to switch to low
performance mode. The PMS software may be incorporated within the OS and indicates
) o to ah application and driver that the power source has changed, the driver then
communicates with the firmware that switches modes.
20 {0005] ‘Although such a PMS prolongs battery life, it does not address the issue of
reduced performance. While on battery the system runs at é fower frequency and the user
does not get the full benefit of system performance. If the user places the system into a

- high performance mode the battery life is diminished.




performance node. The PM5 software nmay be incorporated within t?@ﬁ? &j
indicates to an application and driver that the power source ﬂ @
the driver tllgﬁo ﬁ%‘ n| cates with the firmmvare that sw tches nodes.

[00051 Alt houyR %¥ a PMS prolongs battery life, it does notP%HH$‘B§’%°2§he

i ssue of reduced performance. Wile on battery the systemruns at a | ower
frequency and the user does not get the full benefit of system

per f or mance. If the user pl aces the systeminto a high performance node
the battery IBRERRESCK 019 DRAWENSR05 WD 02/ 074046 PCT/ US02/ 02028
BRI EF DESCRI PTI ON OF THE DRAW NGS [0006] The present invention is
Cillustrated H900Gdy OFheqraeylieveatich indtusiraieddydieny of exdmeple aridmiot dtenidyd torbe
figures of the acconpanying drawi ngs in which.like references indicate
simlar el enditiseddndhe figuvdsiof the abeon(pafyidg dragingeiniwhich lkedéfagneanindidatest r at i ng
a conmputing systemfor inplenenting the present invention; 100081 Figure 2
i s a block disagiarieafkntd apdierhictentrol circuit for ‘i npl ementing the present
i nvention; and [0009] Figure 3 depicts typical processor utilization

graphs. 16 WgétZf 07 4846rchi3s SERe2RCHudietiid SORPURRP S stem for implementing the

present invention;

[6008]  Figure 2 is a block diagram of 2 power control circuit for implementing the
present invention; and |

[0009] Figure 3 depicts typical processor utilization graphs.
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DETAI LED DESCRI PTI ON (0010] An enbodi nent of the present invention provides

a nethod for transition of processor performance levels in a q@r%}cp?gﬁfd
system A pekf@sspagg | evel is a specified operating frequency and i
associ ated voltage. Automatic transition may use 5 | ess transhQu/gae2/02028

over head, thereby extending battery life. An enbodi nent of the invention
provi des for the automatic adjustnent of processor frequency while
preserving s NS, s. In one enbodi mrent of the invention the
processor m%@%m mul ti ple performance | evels. [0011]
Figure. | -is a diagramillustrating an exenplary conputer system 100 for
10 i npl ement {4630k he%ﬁreé@@ﬁtmqnhv‘@h@ prgeent iMMention poividesja ofkthpd feresasition of
utilization, the detection of a change in processor utilization, and the
transition oProfFgssorperemanor leves i akdifaed-based sysent. ok patfarahevele] sdescri bed
herein, may be inplenmented and utilized within conputing system 100.
Conput i ng sySitceiied Oerating fregpenes et itvasgeivesdatoltiidl Pas@ndtio famsi8sn mpaist abl e
conputer, or other |ike device. The conponents of conputing system 100 are
exenpl ar yo 15lepatranbitioin ovemkead therobyce GG RIS ifFR A nhen HORIntdn e 108 indsliRA -
(0012] Referring to Figure. 1, conputing system 100 i ncludes a central
processing pruvitleslio2the anphetc idjustnélitSPpdYessor fregtidncyl WRie SrdeRyifE @E% 104,
static nmenory 106, and nass storage device 1 07 via bus 101. nputi ng
syst em 100 ofdiSene e 1€ OrPdratshdiRer ofthe Riventi b0 Y siti cur sor
control 123,rm%1pard copy device 124, gﬁﬂd yggﬁ??éﬁ%ﬁ&ﬁ?%ﬁ%%%fg%%e? 125

via bus 101.miappytititandsSit®R. 100 may contain frequency and vol tage
r;)ergul ation circuitry as described bel ow. 100131 Bus 101 is a standard

syét em bus fmm1?Omw@?étli'ipgdiawamim'%gﬂgﬂ‘%q‘e'ﬁéggﬁépﬁ'fag%gf??%@rf 102 is a

processing unit for conputing _§ystem roc peu ed to
pr 0Cess 10Nt QiR g RE preQHPHVbABnS A1k SR or SEOEEE 20zt 0F RSS2

control wunit _
of a change in processor utilization, and the transition of the processor to a different

performance level, described herein, may be implemented and utilized within computing
system 100. Computing system 100 may represent a general-purpose computer, portable
computer, or other like device. The components of cozﬁputing system 100 are exemplary
15  in which one or more corﬁponents may b-c omitted or adcfed.
[0012] Referring to F igu_re. 1, computing system 100 includes a central proc‘,essing
' \) ' unit 102 coupled to a display circuit 105, main memory 104, stati.c memory 106, and mass
storage device 107 via bus 101, Computing system 100 may also be coupled to a display
121, keypad irnp-ut 1_22, cursor control 123, hard copy device 124, and input/output (I/0)
20  devices 125 via bus 101. .Computing system }070 may contain frequency and voltage
regulation circuitry as dcscribed below. |
| [0013] Bus .]01 isa sténdard system l?us_ for communicating information and signals.
Processor 102 is a préc_cssing unit for Combuting system 100. Processor 102 may be used

to process information for computing system 100. Processor 102 includes a contro! unit

4




4 WD 02/074046 1.3 SEP 2005, PCT/US02/02028 131, an arithmetic logic unit
(ALU) 132, and-several registers 133, which are used to processj 2 g 05 )
i nforrmati on. (VOOdd74+0Msi n nenory 104 may be, e.g., a random access ne rgp ‘
(RAM or some other dynanic storage device, for storing inforHat/Vi/oy2s

I nstructions (programcode), 5 which are used by processor 102. Min nenory
104 may al so SBOrA HeHRSEH. ar ., other inter, i.ate information
during execution of i nstrucg%{clr %ﬂd@?)?%@g% egFraﬁﬁ??te@légﬁg}"c FYed 06, may
be, e.g., a r%@&egqﬁfxnﬁ@gg_ry (ROM) and/or other static storage devi ces,

for storing information or instructions, which may al so be used by -
a hard or floppy dis

processor 102. S . e deyice 107 may be, e.g.,
drive or opti é%dl\fﬁ i S@%ﬁﬁ%&o% @ﬁ 0 08t B¢ ?163“‘?%‘? HeraeHPORAME ersgme| ons f or
conmputing sys . [ 00151 Display 121 may be, e.g., a cathode ray tube
(CRT) or Ii qu?oglg}c%g?“acls 0&?%465393’%&953"8 "E?ggiﬂf’ay oyagTusHonsAprogiasyyiogs)s
i nformation o aphics. to a us Conputing system 100 may interface with
di spl ay 12? vﬁvg%éia%pﬂsﬁib}éﬁ’rp‘éeﬁ?of ?é%SMaNé?Win%@@Y alsopstre tenpogdrpYraiableeor ¢
I nput devi ce ftgr .comﬂéni cating information and command sel ections to 15
conputi ng syst o 15EPedidls wirmation dusing exesutienofliestruetiogs by pronessrsd 2. aStatic
_trackball, or cursqr _ direction keys, for controlling novenent of an object
on display 12786 00aK PR & eead o0y mrmyorh@® OM) and/or atheastatic strigatdevicesf or
printing information on paper, film or some other |ike nmedium A nunber
of i nput/ out piaf Stefék ipsmatie qrdystrbesions upHieinyoalcemisdd bycpreassdoe 1021 @dass [ 00161
I n_one enbodi ment of the invention, processor 102 nmay al so contain power 20
ma\r))agenent s ofaregerdevied 10 waybd, ey, abend or dlopyrdidk dofve OPSHtREIIdME d¢Rktfgge and

operati nglo

storing information or instructions for computing system 100.
[0015] Display 121 may be, e.g., a cathode ray tube (CRT) or quufd crystal display
(LCD). Display device 121 displays information or graphics to a user. Computing system
100 may interface with display 121 via display circuit 105. Keypad input 122 is a
alphanumerid input device for communicating information and command selectic;ns 1o
15 computing system 100. Cursor control 123 may be, e.g., 2 mouse, a trackball, or cursor
direction keys, for controlling movement of an object on display 121. Hard copy device
124 may be, e.g., a laser printer, for printing information on paper, film, or some other like
) medium. A number of input/output devices 125 may be coupled to computing system 100.
[0016] In one embodiment of the invention, processor 102 may also contain power
20 management software 134 to allow uscf control of operating voltage and operating
frequency. The power management software 134 may configure an I/O controller 150 to
facilitate voltage and frequency scaling upon the occurrence of specified conditions. /0
controller 150 programs a register 136 within a clock generation circuit 135. The
programmed information indicates how the operating 'frequcncy of the clocking signal is to

25  bealtered. The clock generation circuit 135 monitors the register 136 and modifies the
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frequency. The power nmanagenent software 134 may configure an YQ control lLer
150 to facilitate voltage and frequency scaling upon the occurﬂe-%lcSEBf-“ZU%,

speci fi ed condOte/onsss 1/0 controller 150 programs a register 136 within a
cl ock ‘generation circuit 135. The progranmed information i ndi CHV¥L/RGRE t he

operating frequency of the clocking signal is to 25 be altered. The cl ock
gener ation ci Kelidh hAHd o iste 6.and. mdifies the 5 WO
02/ 074046 ,13 S F§°2050){5i,] PCW’%%S”E]L‘%gﬁ‘{fg‘ﬂ?%q%ﬁe‘%gﬁte%m't“ﬁ at{hSc?E?fﬁ‘d‘vsi gnal s
accordingly. ALSehcAek gLy D th ting frequency . has been
reduced the I/O&COC trol ]Eerlgailggd %gﬁg"g %%[Peg?éfggrefl%fgtgs %‘ﬁ%ﬁ? @gg'iﬁfi oo SRETY]
signal to a pg [keuit., not, shown. The power supply circuit then
reduces t he v\‘f%i?d':I éoaip&%ggﬂgﬁﬁ%iwﬂ "@%’Wﬁ}?ﬂ%‘é‘”eﬁfwﬁgﬁv“ E@?MP?F&N&% | evel
transition poldgy £t hm described herein, may be inplenented by

har dwar e and/ o¢[&§%$étc\g\§rld§wgont ai ned within conmputing system 100. For

exanpl e, _pgocgl%?@r 1@% may exeCI#te coﬂg‘ﬁgr ipstructions stored in a.

machi ne- readabl e medl' URPCES PEIQTERRCSBYFbIrgnsiion policy 2igarihye degseped isrein,
transition the )Eélace?sor gerfor mance, | evel on a_processor that supports
mul tipl e perf BPnEHERIGUIEADY hagwpis@pdier solfwarpconipingd within sOMBUtIRSEYHPR may

i nclude a rrec{b%nil:smtha provides_(i.e., stores and/or transmts)

i nf or mati on i 17 a‘PoPHPEabrapiserrd (2 mayaxasiis sodes instuctionnyiered in a megdineex anpl e,
a machi ne-readapl e nedi um may i nclude a read only nemory (ROM, random
access menor YeRAR ey § &b mainmenonyt 18f.de decidsayhen tolpnisisian thetpoecssser medi a,
flash nenory devices. The code or instructions may be represented by
caryier wave PSifemange leys op aprosesser thitgnpgosts maitiple perfosnagpalesgls.and by ot her

| Tke si grigl S '[0018] The machine-readable medium may include a mechanism that provides (i.e.,
stores and/or transmits) information in a form readable by a machine such as computer.
For example, a machine-readable medium may include a read only memory (ROM),
random access memory (RAM), magnetic disk storage media, optical storage media, flash
memory devices. The code or instructions may be represented by carrier wave signals,
15 infrared signals, digital signals, and by other like signals.
[0019] PMS may have several inputs into the software. The software may use these
inputs to determine a performance level for the processor. Typically, the inputs include
,} ' | “power source”, high performance level for AC and low performance level for DC;
“thermal”, an overriding environmental concern which will transition the processor to a
20 lower (i.e., cooler) performance level if the processor overheats; and “user preference”,
whereby a user may chosé between conserving energy and increased performance. A
dcmand-based PMS includes the input of “processor utilization” to allow for a transition to
a higher performance level if the user has need of a higher level of performance. An

embodiment of the present invention employs a fast up/slow down (FUSD) transition

25 policy to monitor user demand upon the processor (i.e. processor utilization). An .
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[00191 PMS may have several inputs into the software. The soft\'(vag;e é@délse
these inputs to determne a performance | evel for the processot: ‘ﬁ}%‘? Ly,

the inputs inevodge7ipewer source”, high performance |evel for AC and | ow
performance level for DC, "thermal", an overriding environmefdIUSEyRWE n

which will transition the processor to a 20 Iower (i.e., .cooler)

per formance | @kghativk eﬁh@d:ﬂ@&qf?%%%énocﬁrv eJrJR? /‘?a”st Sgﬁﬁ)rtll%é&rfggéggcy The

whereby a user nay chose betwe serV| en r

f - :
pertormance. thonBSHTR f)h:rﬁ%gg? Eg%rfo?%alv readmggtﬁ?ﬁ)raﬁ g:?or% Ilrpgr vy Up@{,e| i f

utilization" to aIIow
enbodi nent of the

th h Aighen | eve f
o userl nsznt i on agérpﬁﬁgsg%ﬁ{r OLFI Gh?" W% %ES%P‘%%@% mgshepsmenThsTHel i cy

pr esent
An

613 SEP 2005 V00 G7ADNE BT EieD31 S5 kintas RAEiSus rT R Hespomy

policy. The nonitoring may be

| SUFD t
empl oy a & OWI‘frlaocla Fa&cr)xggm r.%sstofcI 83tmtgg%c§é%ﬁuggcy-prqﬁgegfhgﬁﬁh@@gnpmra gQVPQC) and

done by perlodlca
a high-resol g;gelrgg | Jrer ar E’ sIef zi ng exi sting native OS nmechani sns. The TSC
provi des i nf i G %%Igmﬁ? Ytsonktiizgtion foygeas tymies! peddends aie shawmot i n

a sleep stat e, al c LI on of processor activity and frequency

provi des t he ‘Ut ﬁ'ﬂr‘igt E Blreodsrows s prefcssgsatifiention Bsephrpf, &r pxagmplplisrenering.

processor %ﬁ%‘atl n for sonme typical workloads are shown in Figure 2.

Fi gure 2a sh PHR 5 Paresssepytilization sgs fuiekly foastr 190% dnd reneaizngs adjghdevel

render| ng. own the processor utilization rises quickly to near 100%

remai ns é{’f‘“]a‘ fPIgFESFiRg i complets. IFigine 2ipshowe Swipnapesssr graptploet digithlivideoe 2b

S th processor graph for a digital video 10 disc (DvD). The processor

ut| lizat i Bn Aiss §3VDY “Bhamregessos vilizafion risx tenidgldlepa forastenddtitheriods and

occasionally drops to significantly lower levels. Figure 2c shows the processor graph for
an idle system. As shown the processor utilization is at low level with the exception of
spikes due to periodic OS housekeeping. An embodiment of the present invention will
quickly detect a high processor utilization level and automatically switch the system to a
15 high frequency performance level. When processor utilization drops off, the system is
- automaticaily switched to a low performance level. The ability to quickly transition
between performance levels is not critical for a workload having a processor utilization
) graph as shown in Figures_ 2a and 2c. For workload such as that shown in Figure 2b,
however, quickly detecting changes in processor utilization and transitioning to an
20 optimum--performancc level; may significantly improve energy efficiency.
[0020]  In accordance with the present invention, processor utilization is measured
every T seconds. The processor-utilization monitoring period, T, should be small enouéh
so that increased processor utilization is detected quickly, this maintains the
responsiveness of the system. T should not be so smalf, however, as to overly tax the

- 25 processor resources. When processor utilization is detected above a given threshold the

7




occési‘onal ly. drops to significantly lower |evels. Figure 2c sho;g té@ 9
processor graph for an idle system As shown the processor utilfZat1on guaﬁ

at | ow | evewomztohuoshe exception of spikes due to periodic OS housekeeping.
An enbodi ment of the present invention will quickly detect P&TRIS§H02028 '
processor utilization | evel and automatically switch the systemto a 15

hi gh frequesgindiebhemBRIAS sl & e cessar, utilization drops off, the
systemis automatically g\?\n t%:ﬁ%!ét@f %qg°%r$§)r\?\9nﬁgﬁed?vﬁian@heq RHYEST The ability
to quickly &iaaghd ket NRER o or e levels is not critjcal for a

wor kl oad having a ]progceggé)r U?F’P%g]ﬁsgﬁg%r% M Sruaniirel s wickrded 2a and
2c. For worjglepst-SHaMA h wn.in Figure 2b, wever, quickly

det ecti ng chang%s in 6r ﬁcgélé%?q%ggismt%ﬁ %%W%ﬁ’?&"gtq}eéﬁgﬁ?‘f’%ﬁie’ﬁf@”‘taﬁcean 20

opt i i £ tly.inpr; ffici '
OBbo0) | e ERITBRG S (P esor BbkeSheli: FUSH Batiasriolicy Slouador anhemiathn | o | s

{0020) I n accordance
nmeasur e : C s. Jhe processor-utilization nonitoring period, T,
shoul d %e ?@c?{lng@ﬁgﬁngﬂcréﬁﬁ?&?ﬁeﬁF@&@éﬂV%PB‘E:E%@E)trq“l?i(iW‘iezsélSi"é)n i s detected

qui ckly, thy L ntains t _responsi veness of the system T should not be
so smal |, cr)év\‘/:g%ggf {'ﬁ‘%ég%“’ﬁ@( Teﬁ‘ﬁF ipJreqpent switching: For exampiss aushows in When -
processor %ﬁgli;a%i on is de#_ect ed above a given threshold the 7 13 SEP
2005, WO 02/0740U8e Bert SRpSH s e seashesacsiitol-up thresholdiof £t axampler 9%t t 0 a

hi gher pert.or rﬁanﬁ_ﬁ | evel . When processor utilization is detected bel ow a
gi ven t hr e§A61Ta- dASSYSIFar aamaticain tewsitipesdb kyigho pecformbncolesel. [Avvier: T,
performance | evel. Frequent sw tching between higher and | ower perfornmance
|-eyel s taxgbe PrOFESSAF Wi izalasy dropsthetost osvaitchhie whtISESHolda fus iekdnayle PS%) tay til | ows f or
| €ss fiﬂequent 5 switching froma high perfornmance level to a | ower one so
that q ckSYsEPedosanet tiapsition to a lower performance level, Instead, current performance

level is main.tained until processor utilization is monitored at time T3. At time T3 the
processor utilization is again above the switch-up threshold so the higher performance
level is maintained. When, at time T4-Ts the processor utilization level remains below the
switch-down threshold for 3T seconds, the System is then transitioned to a lower
15 performance fevel. The system remains at this lower performance level until the processor
utilization once again rises above the switch-up threshold (i.e., until time Ts).
[0021]  Figure 3 is a process flow diagram in accordance with oné embodiment of the
| ) present invention. The process 300, shown in Figure 3 begins at operation 305 in which
the processor utilization is calculated for the current performance level (i.e., at the current
20  frequency). This calculation may be completed every T seconds. As described above, T is
selected to be small enough to quickly detect an increase in processor utilization while not
being so small as to unduly tax processor resources. Empirically, for one er'nbodim‘cnt, a
value of 150 milliseconds (ms) for T has been found to be adequate for typical systems
with typical processor utilization graphs. At operation 310 the system determines if

25  processor utilization is above a specified switch-up threshold. For one embodiment of the
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processor utilization will not result in frequent switching. For exanple,
as shown in Firgure 2b the processor utilization reaches a switch3uBEP 2005,
t hreshol d of , Worc2exanpl e, 95% at tine Tl. The system automatically
transitions to a hi gher performance level. At tine T2 the proReEysR/02028
utilization drops below a switch-down threshold, for exarrpl e 75% but the

10 syst em doespight b erf.or | nst ead,
Pk A et NG ALTROSE B P <

current performance |level is marntained U
n js again above

tmr)12| tS\(I)VIr te ghabpt% ﬂ?egﬁgﬁcggsg%ﬁt at?-% & ﬂmve p:algg& %@ﬁ&’gttcé‘ll%ééﬁ{s}l‘ﬁ% tBRSYRER ned.
ow tch-down thy SoRAIH “?5%%%’“’%@2%*5”21*%”‘%"” ol Geerimant Moiseant o a
| ower 15 perf QLB %S T emremins at this |ower performance
| evel until tﬁfg procgérg’}c{)(?rl?’l&t hﬁ?%‘ﬁ? otf Q?Hggmé{ja‘? PRl 1o o8 QfyBYre PrAsEssawi t ch- up
[ Saar ot AP R s St
300, shown in 55 gP) I%IOB be I,ns Eeratlon 305 in which the processor

ca c tﬁlé

utilization is fﬂb"‘rs“f‘ arde el odPhesce 1evel (i.e., at the
current 20 fr #{ Th| ) @I cyl ation may be conpl eted every T seconds.
As descri bed “ Rracessog pidizatien hag npicbegirafiave dieowiph-tpthepshdi lopgetabact  an

i ncrease in p{ocesaf utjlization while not being so small as to unduly

tax processor he Sl ~WRReriogh #5¢ systed) Wajts unikthe pext prebedérrmtilizatioa monitbrires of 150

m | |iseconds Eg,éor T has been found to be adequate for typical systens
Gte

Wi E)n t ypi cal Spireseaf pResasion A Yrdaplams t\ppengsien 403.0lf pdE@sdrheilizadhem
deferm nef0 25 processor utilization is above a specified switch-up
t hr eshol dtV Fdies B¢ 8 BRSOl pekah-uptthichtoldlon ger SER (ROMN-H- WA LIRSS

PCTJUS02/ 02928
automatically transitions to the next higher performance level at operation 320 and then

proceeds to operation 325 as described above.
[0023]  Referring again to operation 310, if the system determines that processor
utilization is not above the switch-up threshold, the system determines if processor
15 utilization is below a specified switch-down threshold at operation 330. For one
embodiment of the present invention the switch-down threshold is specified as 95% of the
next lower performance level. If processor utilization is below the specified switch-down
} : threshold, the system determines if processor utilization has been below the switch-down
threshold longer than the switch-down period at operation 335. The switch-down period
20 may be different than the switch-up period. For one embodiment the switch-up period is
equal to 300 ms and the switch-down period is equal to 1000 ms. If processor utilization
has not been below the switch-down threshold longer than the switch-down period, the
system waits until the next processor-utilization monitoring period, T, expires at operation
325 and returns to operation 305. If processor utilization has been below the switch-down

- 25 threshold longer than the switch-down period the system automatically transitions to the
| 9




present invention the switch-up threshold is specified as 95% of the
current performance level. If processor utilization is above 1‘]3 wm@ ed
swi t ch-up t hr &8bet/er40iche system determnes if processor utilizatio

been above this threshold |longer than the switch-up period atPEpeyiatrers
315. The switch-up period may be equal to one or nore processor 5
utilization maektlOwéd @rBaAdRERYd at HRFat; i_nment Be rocessor
monitoring period is equal to 150 ﬂr%éa Igﬁ%”{a%g?@evﬁﬁr%%?{f OBQEF?IWB ’i%ga%qual to
300 ns. [0022Kedcfindgd Mpossor utilization has not been above the switch-up .
threshold | onger than the switch-up period, the systemwaits until the
next processofodty | | Zakd Qi i i per.,od, T, expires at operation 325
and returns tl[) op}erati on 3‘0%?”‘&8%)%%%@5@@#%?Fxsf%gfit%ﬁ"‘f@thﬁ‘h%‘c‘%@ﬁ above

aut omt i cal |yt vang) R0t bR e ARB RS e Pomare il et oper at i on
320 and thgn S- qQper.at.i on .3 as .descri bed above. 10023

Ref erri ng I'%g a‘)rﬁ%gg&gg@%%t Olnonﬁoné;%?g ﬁ’elr'o%’i SXRICE BYRPGEIRR A4 IRad retheas tOp]r ocessor
utilization iépe&%?;n% ve the switch-up threshold, the systemdeterm nes if
processor 15°utilirzation is below a specified switch-down threshold at

operation 330@0£@r oglehe_ odi ment . of the present invention the sw tch-down
threshol d is 'Speei fi 8d"a¥ E8NESpecifiations thednveptigsy has beenaiesraibed witl vaitrence f
processor utili zatfi on is bel ow the specified switch-down threshold, the
syst em det er ff A& e pmplepsrhodimentsithearat.ol withdiobews, teavident the vanéusch- down
threshold | onger_than the swi tch-down period at operation 335. The

sii Xt ch- down ifisations apdhangeanast kerreadle theresm witheut stepartiz-frtpn prebicader st one
enbodi msgb the switch-up period is equal to 300 nms and the sw tch-down
period i sUeqddf scope 2i¥be invsntionfas pat furthsia dire appénided elbingn Thegscifeitidaean bel ow
the switch-down threshold | onger than the switch-down period, the system
waits until frR&ingsste, peesedinglno bt fepardeatin amilimsiritive serdEraBRF thafla rebtricB¥Pi T €S at
operation 325 and returns to operation 305. If processor utilization has
been bel ow t fREsEW t ch- down

10




25 threshold | onger than the sw tch-down period the systen1autonf54gﬁgl¥mm
transitions to the 9 WD 02/ 074046 13 SEP 2005 PCT/ US02/ 02028 nex r
performance | evel at operation 340 and then proceeds to operation 325 as
descri bed above. [0024] Referring again to operation 330, if the system
determ nes that processor utilization is not below the sw tch-down
threshold, the systemwaits until the next 5 processor-utilization
monitoring period, T, expires at operat(laims325 and returns to operation
305. [0025] In the foregoing specification, the invention has been

descri begyp idrisigfegignce to specific exenplary enbodi ments thereof. It

wll, however, be evident that various nodifications and changes nmay be

" made thereto ' fromthe broader spirit 10 and scope of the
Sb WhoE R

i nvention as S ppended cl ainms.. The specification and

drawi ngs are, ,accordingly, .to.be regar ' i | nse rat her
than a res p}qngf)pg%progg%g%ml%hﬁrgoéae% "3%8% Sg[ g@%@%ﬂﬁﬁj 6 Pghglyi?ﬁr?:d is: 1. A

met hod conprising: nonitoring, processor utilizatign system
naving onmeetsoni:s pawes supplyaisau epacess o EA R Rt pe R o
processor having a plurality of perfornmance ‘

levels;

automatically transitioning the processor to a higher performance level if it is
determined that the processor utilization has remained above a switch-up level for a first
specified time; and
automatically transitioning the processor to a next lower performance level, if any, if it
is determined that the processor utilization has remained below a switch-down level for a
second specified time, wherein the transitioning of the processor is initiated via a signal
that is transmitted to the power supply circuit.
2. The method of claim 1, wherein the number of performance levels is two.
3. The method of claim 1, wherein the switch-up level is approximately 95% of a
current processor perfonhance fevel.
4. The method of claim 1, wherein the switch-down level is approximately 95%
of the next lower processor performance level.
s. A machine-readable medium having stored thereon data representing sets of
instructions which, when exccuted by a machine, the machine:
periodically monitor processor utilization of a computer system having one or miore of
a processor and a power supply circuit, the processor having a plurality of performance

levels;




| evel s; automatically transitioning the processor to a higher pgrfo
level if it is determned that the processor utilization has rgrr%i gg%nfﬁ%
above a switch-up level for a first specified tine; and automatically
transitioning the processor to a next |ower performance level, if any, if
it is determned that the processor utilization has remai ned bel ow a
Switch-down level for a second specified tine, wherein i_he transitioning of
‘the processatormafically treasigen the grosessoyivs higherperfornangs devel i dds gelerpBeh ovner
supply circuit. 2. The nethod of claim1, wherein the nunber of performance
| evel s i shitube pRceshbeutitizbti@rhafrembiatdrnbiovewsviehupténe! fwiatfosi-sppeifiedel is
approximately 95% of a current processor performance |evel. 4. The net hod
of clai mgye-Wpgrein the switch-down |evel is approximately 95% of the next
| ower processor performance |evel. 5. A machine-readabl e medi um havi ng

sLor e er SRn AR LARASAL MSGRSL T Sl ISR TURbLRRE WobE gt e oo

by a machi ne: y non processor utilflzation of a

conput er stem havi ng one or nore qof a pro sor and 0 ply
Gireuit, debamipeddbatdioacsmargtilzaan b reipapd BRloY g spilkh o MR 1R 1 |
SEP 2005, automatically transition the processor to a, hi,gher, perfornmance
| evel if secoridsspeified fimgewhereindhe transitinning-efdbe ProcsssPLAd e g ned
above a switch-up level for a first specified tine;, and automatically
transi ti qhattib@aphdtiebodhe pova supply cirowser per formance level, if any, if it
i s

6. The machine-readable medium of claim 5, wherein the number of performance

levels is two.

7. The machine-readable medium of claim 5, wherein the switch-up level is
approximately 95% of a current processor performance level.

8. The machine-readable medium of claim 5, wherein the switch-down level is
approximately 95% of the next lower processor performance level.

9. The machine-readable medium of claim 5, wherein the first specified time that
the processor utilization has remained above a switch-up level to transition the processor

~ to a higher performance level is greater than a processor-utilization monitoring period.

10. The machine-readable medium of claim 9, wherein the specified period of
time that the processor utilization has remained below a switch-down level to transition
the processor to a next lower performance level is equ.al to the processor—utilization
monitoring period.

11. The method of claim 1 wherein the first specified time is greater than the

second specified time.




determ ned that the processor utilization has remained bel ow a sw tch-down
| evel for a second specified tinme, wherein the transitioning qf]3h§Ep 2005
processor is initiated via a signal that is transmtted to the power
supply circuit. 6. The nachi ne-readabl e medi umof claim5, wherein the
nunber of performance levels is two. 7. The machi ne-readabl e nmedi um of
claim$b5, wherein the switch-up level is approximtely, 95% of a current
processor per florfimnnethbdukdlainB] whesimthesposad spesified tingrisareatcrdhandisi m 5,
wherein the switch-down |evel is approximately 95% of the next | ower

pr ocessorﬁﬁﬁgpéc@ﬁm{}ﬁ@. | evel . 9. The machi ne-readabl e nedi um of claimS5,
wherein the tirst specified tine that the processor utilization has

remai ned abov§a gt dllicdBad Kbt difini S FREk RS eIfRataess sréakra hi gher

. performance | I's greater than a processor-utilization nonitoring
period. 10. The nachi nﬁ%{ﬁ adabl e medium of claim9, wherein the specified
peri od ofbanithegecondgpeg tessor utilization has remmined bel ow a

switch-down level to transition the progessoy t.o next .l o f ormance
level is equal14t'ﬂlﬂtm@0hmfd@é‘éa§’3ﬁrm8@mm%fr§&“6‘ w ﬁ‘Pttﬁff’feﬁﬁmbg’relc SHIT The
met hod of claim 1 wherein the first specified tinme is greater than the
second s pegedtecitiat thedirst3pecifidBtiBEP 2005 12. The method of claim | wherein
the second specified tine is greater dmthe first specified tine. 13. The
- machi ne-r eadalyk ea Qfstéh abfipfisiirer ei n the. first specified tinme is greater
than the second specified tine.

a processor including 2 power management system (PMS) to:

monitor processor utilization, wherein the processor has a plurality of
performance levels;

automatically transition the processor to a higher performance level ifitis
determined that the processor utilization has remained above a switch-up level for a first
specified time; and

automatically transition the processor to a next lower performance level, if any, if
it is determined that the processor utilization has remained below a switch-down level for
a second specified time;

a power supply coupled to the processor;

a power supply circuit coupled to the power supply; and

an input/output (VO) controller coupled to the power supply cirouit, the I/O
controller to transmit a signal to the power supply circuit to initiate the transitioning of
the Processor.

16. The system of claim 15, wherein the switch-up level is approximately 95% of

a current processor performance level.




14. The machi ne-readabl e nmediumof claim5 wherein the second specified
time is greater than the first specified tine. 15. A systen1conBrSEpngm5a
processor including a power managenent system (PMS) to: nonitor processor
utilization, wherein the processor has a plurality of performance |evels;
automatically transition the processor to a higher performance level if it
is determned that the processor utilization has renmined ab ye §7

sWi t ch-up | evey. Theisy@edhiofelaimdSewhéreidhe switch-égven Wi’]dﬁﬁﬂ’re&ln}age Y?¥Rsition
the processor to a next |lower performance level, if any, if it is
dEter"in89ﬂ&Q@hﬂB@%qﬁE&%@i%&ﬂbﬂhﬁkk;akLon has remai ned bel ow a swit ch- down
| evel for —a second ‘specified tinme; a power supply coupled to the
processor; a power supply circuit coupled to the power supply, and an

i nput/output (1/0) controller coupled to the power supply circuit, the 1(0
controller to transmt a signal to the power supply circuit to initiate the
transitioning of the processor. 16. The system of claim 15, wherein the
switch-up level is approximtely 95% of a current processor perfornmance
level. 13 13 SEP 2Q05. 17. The system of claim 15, wherein the sw tch-down
| evel is approximately 95% of the next |ower processor performance |evel.
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