; @3eUPPQRFRT6TTUXCE A METHCOD AND APPRATUS FOR MANAG NG POVZER CO\ISU%BP?' I E@Izﬂbj\l
A COWPUTER SYSTEM The present gm&mﬂwmmmj tes to computer syste A

more particularly to limting-th med in a conputer system by

t hrot t | MAPOEPESI pover consumed by an isokegrated circuit i nPCREPIAWTtO a

hi gh power condition. BACKGROUND Conputer systens from small handheld

el ectronic devices to medium sized nobile and desktop systens to |arge

serves and wor kst at i RREETRHD AREPAPP 1SEFDRMANABINGS! ve i n our

soci ety. Conputer syWWWWE%E%—Wm rocessors. A
processor mani pul BPEVERCONSUMIPT IONAN A QOMPUEER SYSBEMpuUt er by
executing instructions. To provide ,nore powerful conputer systens for
consuners, process designers strive to continually increase the operating
speed of the ?ﬁé% e i eases, the
power consurre.gﬁ% entgﬁ{cl)%{eﬂsdsﬂ;félg ér%dtsoa@'mpggéri te@ﬁ gﬁj‘f i storically,

., the powepamouladyﬁd limjitingy ¢he powes consuared rea domputml éystdmxbyftamtmlwg First,
as power, consunption increases, the grocess tends to run hotter | eadi ng to
thermal WHeRQ ?%%W%ipé‘rﬁ“ iniegrated gircyit iR resRERSAA AHIN MOWeSses, t he
battery édrdig{ nobile conputer systems decreases, |eading to |ess
attractive systens for consuners. Processor and conputer system designers
have devel oped numerous nethods to deal with these issues. For exanple,

pr ocessgéﬁg&ml npl ement specialized circuit design techni ques that
reduce tion. In addltlon nodern conputer systens are designed
to shut down e ticular
period of ti ngeﬁ@h?(%s %)fgt?@gSé Iqﬁghdﬁé@séri%éﬁmgvggé tﬁqr%d@x “end
battery sizéd mobile auddrd@sktdmwgtbmsrmi largé werverbadied crkétations| ardi ssi pation
systens are often affixed to the processor to_help di 55|pate t he heat from

the prodREORINg dnereasingly PREVasG rrbﬁ%ra?c'ey@r@ommgws tems WRifallYi ncl ude a

thermal jnclude one or more processors. A processor manipulates and controls the

flow of data in a computer by executing instructions. To provide more powerful
computer systems for consumers, processor designers strive to continually
increase the operating speed of the processor. Unfortunately, as processor
speed increases, the power consumed by the processor tends to increase as
well. Historically, the power consumed by the processor has been limited by
two factors. First, as power consumption increases, the processor tends to
run hotter, leading to thermal dissipation problems. Second, as power
consumption increases, the battery life of mobile computer systems
decreases, leading to less attractive systems for consumers.

Processor and computer system designers have developed numerous
methods to deal with these issues. For example, processor designers
implement specialized circuit design techniques that reduce power
consumption. In addition, modern computer systems are designed to shut
down portions of the system that are not needed during a particular period of
time. Both of these techniques conserve power and help extend battery life.

To address the thermal issue, elaborate thermal dissipation systems
are often affixed to the processor to help dissipate the heat from the processor
to the ambient environment. Some processor packages include a thermal
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2 3 APR 2003 , WD 00/39661 PCT/US99/28047 sensor to nonitor the ten'?%rm%(ﬁ
of the cessor. |f the processor tenperature exceeds a particular
t'hreshoﬁ’g, OP/WéGbrocessor is placed into | ow power node unPCI/USPI2884T s of f .

I f these precautions are not taken, the processor nay destroy itself by its
own heat. SUMMARY OF THE | NVENTI ON A net hod and apparatus are described for
managi ng the power consunmed in a conputer system |n accordance wi th one
enbodi meSENSPr ton@opites thet tamperaturenc! thenpracessorentf the pragessost an

electric ter that_is [OxI ly oroportional to th r
consurred%%ryBgt eangéae%o? tplagﬁ&ﬁ?'p ﬁ“ggﬁ@ﬂt é’ﬁ)e Q&Qﬁorﬁip?%a@ﬁgﬁnt IS
then usegpowerdrdds Whilkit cholshsH. P IMPsE PresaEibridyalehRofPRikbh Othedproceesepnput er
system has reached a threshold. Qher features and advantages of the
present MakAestioy dself bps gypmheat from the acconpanying drawi ngs and the
detail ed description that foll ows. BRI EF DESCRI PTI ON OF THE DRAW NGS The

present invention is illustrated by way of exanple and not limtation in
t he acco IARY D ENVENTIONY | i ke references indicate simlar elenents
and in which: Figure IS a conputer systemformed in accordance with an

enbodi nent of A method aadtapparstus ane desgribed foA managingitheawerr equl ator i n
| f. Fi i 2A | 1, Showi t ot al

consunpt EEUteS o 3 Painhutsr svsteo o s dafcs ihopias entbadivgt PSS Fi gur e

2B is a ar@ééhtswtlw\,ta%bsafmﬁénﬁeﬁﬁmtdf%@ YRERIE %F&n&@r tRat @ ternate

enbodi nent of the present invention; Figure IS a cohputer system

i ncl udi n§PRrgXiIMataly propartional torthaquaweracansumed byratdedstd pertionodf ahe
present | ntion: .Figure 4 is a flow.chart showi ng a neth of reducing
Pover  coRBlRAORVSIEe  Shis deBsirement IS dAan 1B o e B TR OaPS DR e
present cobMShEd by tie porioR d’ﬁﬁe%&?ﬁp q s Y PSholdi gure S is
a flow chart shovm'yng tﬁe nmet hod of i%QgFegiéi%ri asfrigrgébggnbodi ment of the
present i nvenQtbar featytescarel advantages.of ithe presentiingention witk be apparentgure 4
in a sec inment of the present .jnvention:; and Figure_ 7,is a flow
chart sh%ﬂ'ng{%)%gcmgﬁmgfdrﬁ rﬂﬁ%aﬁditheﬁﬁqﬂ*q‘ﬂdgﬁﬁrb@"%gﬂ}a?g?uqm% present
i nventi on. DETAI LED DESCRI PTI ON Conput er system power consunption i s now
rapidly approachi ng the point at which the power required to operate the
system c§ DESERIPHEONLDE 5D s

due to the fae{ that 1Dk €. [ ont aj i -pl ugged
into a power gh? I Q&sﬁﬁgﬁ%{%hgﬁﬁés H@%&g m&ﬁr&éiﬁ&S\é}ie&Y%ﬁ%}ér'!‘od t han
the powein the ketoripangitlg figires Undetich hike refdrentesmditate Sintiar @lermientsii t

br eaker that, protects the power outlet can be tripped (or blown) during
nor mal ofi8 40 WIHCBE t he system In accordance with an enbodi nent of the
present invengt p&?ﬁﬁ o | of a conputer
systemis m)nﬁ redli E%amasul#t:éﬁg?%{gﬁgfr&;ﬁﬁ%telp f%?t-rdl s&glg};i)ﬂr"%h mat el y

propor t i emidodimenbofthe presehtinventionsuch as vol tage, current, or the duty
cycle of a sw'\:tchi n%; signal,in a power supply. These neasurenents are
provided to a A

d® arsyyitching negulater in 8 Powersyepboabbigire dyst em that i s
noni t ored may g uge one : t in
addi 1 on t o of 18R I8 e THHidi R J65F ABVey RonbUREBHRSS R RE, ¢
amount oénEmbodisnent efthel presentimveatio;he bridge (or "chipset") or the
video term na&:, ) . . .
igure 2B is a graph showing total power consumption versus time for
an alternate embodiment of the present invention;
Figure 3 is a computer system including a processor formed in

accordance with an embodiment of the present invention;

Figure 4 is a flow chart showing a method of reducing power

consumption of a processor in accordance with an embodiment of the present
invention;
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. Once the consuned power, as determ ned by the power controller) reaékggpﬁﬂm

thresholq/ a throttle signal is sent to one or nore ICs of the conp

syst em by QO8%antroller. In response to receiving this thrC/UIe2804Gnal ,
one or nore of the 1 Cs reduces its power consunption. For exanple) for one
enbodi nent of the present invention, a processor of the conputer system
reduces its core frequency while nmaintaining a consistent bus frequency in
response to rddgurs hds afow bhant shewing tiae methodanfdtigare dribadiraent, the -3
processor alls all or a portion of one or nore pipelines, or issues

no- ops toerﬁlh d‘merﬁ'[?rféﬁﬁiRf@g?'??e@yem‘lo'?-esponse to receiving the throttle
signal. By diFiggid § S thal SHRMAhg RRETHEMICOS FRUrE 44 SeddiepOr t i onal
t hereto, tenperature measurenment | nacturacies relat to poor positioning
of ther neémbedigwent df therpresentt inventioieamd ocessor are avoi ded. In addition,

the response ti.ne begtween detecting.a high r nditiQn d . reducing the
* power cgnsurrptr'iL'SHr%? I$ %ﬁbﬁ&(—ﬁhog‘%g irﬁgtg\ﬁga‘?flcﬁgpf?pﬁdﬂ'/é Plmer t he gse

of ther mmmmﬁg&ﬁﬂg?&’gg%?ﬁmemm power condition. A nore detailed

description of e the 6resent i nvention, including various
configurations and inplenentations, is provided bel ow processors 100 and
101 via iﬁﬂi' ' 110 is used to coupled the processors to nmain
menory 1I5=dRet processrs to peripheral components 120 130 via

a peripheral kgsm o%]%qé ' ':lg‘g’" l; ; and

Vi geoI Itoer m nal 14g§fé§ e %eﬁr{?\%ﬂgggl ugﬁbjﬁ %ﬁ%ﬁﬁ‘gfjiﬁﬁﬁﬁgﬁ'ﬁg%%o and

130 of Fi gwind &t whighi thel paveeraeduivednid opetaie thepsystemt qart nddorigezdesuch as

el ude ASTRTG SuPPURS T 135 SyetaeicT NSp rmed it Cetecech BRt OB e,

machi ne- meadablcdessbry 89ftalifed! igné sgéﬁﬁglﬁﬂzdoﬁq@frﬁﬂlto %ﬁ‘o%}’ outiét Hﬂ? any video
r e ) term nal

di spl ay device such as a cathode y tu or a flat panel

di spl ay $908UBRE mndre qpowkercduyringaan divepdclivel fijod Meamthespowgr auttetraan i ncl ude
d ' , ti : fl ash EPROM t her high d, high
capac  y CEMbPaoBReE i uafomnihe e s eureuliduapkerinag prenes e sBREr " ¢
i nvent i omutieh 8af BB HiPed ot HIGWRY dEliil%"h@)rﬁﬂaFBPﬁ@idﬁD@ theafstembe a

uni processor systens, or It may 1nclude nore an two processors. Each
devi ce of the |a@gsordancs withraroembiogimentiof thespigsentinvestien, the ROWSnwer

ly, ' ' ' db . P | 150
s Coupl SanpaEsBY GPRE = iR A homatte SKERE BB iER Weui ce my
i ncl ude oneasUring hepafamétRthat s EppRoRREREl prebofivhal td Atk EBAsungdt he
power, such as voltage, current, or the duty cycle of a switching signal in a

power supply. These measurements are provided to a power controller. The
portion of the computer system that is monitored may include one or more
processors of the computer system in addition to other integrated circuits (ICs)
that consume a significant amount of power such as, for example, the bridge
(or "chipset") or the video terminal.

Once the consumed power, as determined by the power controller,
reaches a threshold, a throttle signal is sent to one or more ICs of the
computer system by the controller. In response to receiving this throttle signal,
one or more of the ICs reduces its power consumption. For example, for one
embodiment of the present invention, a processor of the computer system
reduces its core frequency while maintaining a consistent bus frequency in
response to receiving the throttle signal. For another embodiment, the
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~(luo o; proicessers 100 and 101 via a system bus. Bndge 110 is used to couple the
processors to main memory 115 and to couple the processors to peripheral
components 120 and 130 via a peripheral bus. Secondary bridge 125 couples
external memory 140 and video terminal 145 to the peripheral bus.

Peripheral components 120 and 130 of Figure 1 may include audio and
video input/output devices such as audio/video generators, accelerators, or
analyzers. External memory 140 may include a hard drive, floppy disk, tape
drive, or other non-volatile, machine-readable, storage medium. Video
terminal 145 may include any video display device such as a cathode ray tube
(CRT) terminal or a flat panel display such as a liquid crystal display (LCD).

Main memory 115 may include dynamic RAM (DRAM), static RAM (SRAM), flash
EPROM, or other high speed, high capacity storage medium. For an alternate
embodiment of the present invention, the computer system of Figure 1 may be
modified to be a uniprocessor system, or it may include more than two
processors.

Each device of the computer system of Figure 1 is supplied power by a
power supply, V., and this power is monitored by a meter. Power controlier
150 is coupled to each device and to each meter. Note that each device may

include one or more ICs that consume power. For one embodiment of the
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Gh087/ 66SI 1/, LJd 19961 00 OM ECO add t 2 3 APR 203 WO 001l 39661
PCTNS99128047 Alternatively, for an enbodinment in which two or nore power
suppl i es Pagsent dRvertied, théeompptar systemrinciudes6oneeyr bore indélendentr si gnal

from another power su y.. Far _this alternate enbodinent, th ower si gnal
need not tpﬁg"eiréypphse@p fWhieh Brovides Power terrne o5 meren(Cai 8t age DC

power si i ) i I Sai hiCchd

P ansi ot ore) mioRGt Wiebbbwe: ESiSumed By <P siPlle o TR SFRGMERY of 165 Fet

Modul ?t orsnrmﬁlsr gm’aodmh‘ ?nt Eéthmpmseat mntiaﬁduhetdn?)mdre mefalrisdgayg ba switchi :’lg

signal taq._t ases of the transjstors. The resulting, pulse ower Ssignha
° Foupled ; ¥ EopRigFtedanum %O{i%Lmoaftomngdhe?aoweebpmlﬁaptwm| tgred,

and condigf itluiads tipdt €4 j : of By i V~,

 pr ovt LR olBIRY. P mbBRImnt it B, o Pt alQutagBlE Ror Vi,

pul se wi thexmumitored ICs 16 8e thbse ICs tbtawnsahantie hsajorty pewebin thedul at or

163 to re ulg&éa theQ’BuIse width of the switching signal. If V~ falls bel ow
the desi FEAPYERIANSIe; tRRjexamplal aplytheapwerceensisned iy piacessof At 10 11 v~

rises ab 3 o] t u of. r e pul se
W dih, OanagroGes 8 81 HoRY! of M h38fon 18 e Shol o TARET st

nodul at oand@&Xternat hrerhaiyedOmaywhé atonitoréd.ais agiditich, Hower corftrblieny 50e
proportignal, to the power or current consuned biﬁ:t he 1Cs coupled to the V~

out put . BYY RS SpHPled torall plierly apelestes number of ICs arsaeterst whi ch are
referred to h E : i : ower
consunpti on. ‘ﬁ]glr:g?@?g?gsﬂﬂgéﬁ%r an@mﬁ¥ﬁpm%bg%@i 'ﬁg%ﬂtm%rg [%(ﬂgergr esent

i nvent i ofpntrollerdlio, of Figuse df istehstandialone hQ oriigreaunitincladed vithiby t he

associ at t Figure 1, and these neasuyrenents are prqvi ded to power
controll ggo‘&%ﬁ%q—ﬁ;@f amplecfos W@EOMrédhprmﬁﬁﬁﬂk'Wpem PRWEE gnal
provi dedco@trd) h‘%'h Ahsdedf int gt tchi i natively,
pul se w gt hrnolgguflsg)t or 1%% may ég%‘ﬁ gagbsde}?apgg%é%%&?zﬁﬂé%gﬁdrﬁf cates the
duty cycPystem.t Fior ani alterhate emnbodimentarf the présentdnventiorgthe gdwerduty cycl e
of the sw ihg_ signal is . indirectly neasured by neasuring the, duty cycle
of the pepifclietdssotiitsn.cods Kseriey Yy BrieRessan AT TIPS SYBIS 1 o

t ransf or impledfeht the funétién de8&kbeOpBIRIMA9661 PCT/ US99/ 28047 Referring
again to Figure 1, the neasurenents fromthe nmeters may be converted into
di gi tal formatOReromomeebthegnbierp ofithe computerl systarticof Rguee Aampnitery, | f

| 0.incl ud | ircyit th t i
Do anal oBoWEt cBhsdmptioB ik sl S siaiitet Bt 51 SRATOREFBN ner s che
neasur enpraporiicreah ten®eqowdt doreliniddebyBhe o Mbrd [Bs.CaHEdeer system of

Figure 1 and cal culates the total power consumed by the portion of the
conput er MEASUESMEBtHAarethen provideddepawercantrolien156: nBot example@er

controll cal cul at e t ot al_of ,.any val ue., such as,.cur

vol't age, Meter el heaSiifé' bRkgr, Fuhah ariorBRs “Cuttent SoRBIR SRS ured by
the portmeasafed hvagﬁéﬁuﬂlyrbysyatwmﬂué, hBR-effeERbeRSYR! thab Meeadister eaches a
threshold, or if the tota of a value that is proportional to the total
power colRduption. fdterastivelyHhevoliage deomackossa rasistos baningaa &knOW | e si gnal
to one o,resméﬁ?elggﬁgr@pﬁﬁc@gg&{_t er system 1In response to receiving a

throttle sign its power consunption. Note that for
sinplicity, aFopapdehfiuamhent i whibR d gower eeg\ely‘inbmbw@mbhw act ual
power or a value, such as current, voltage, dufy cycle, or other

neasur eni@gulatonene sorpmops paiannaters: of thenswitching sighaltray becmegasuredhe

throttl ' | and, in turn)_reduce i heir, bower copnsunption, nmay be

el oct e Bl B5aftiEted Pstbto! gt FigiipAs & suipnig teasimloni B

differe (oo : S ' j

cont ol I Het 8RR o PRURTAD s iRhurtn FIBB | A°6 ACTHANE! SPpaPEAT e ume
t he naj ROWer ottigbige redtified hiiltteredyraridecorditisresd by impuboimepitel6q.or t hi s

enbodi nent the throttle signal nay be sent to one or both of processors 100
or 101. For another enbodi ment) power controller 150 sends a throttle
signal to the one or nore | Cs having @.l ow i npact on the operation of the
conput er system For exanple, for this enbodinent the throttle signal may
be sent to video termnal 145 or external nenory 140. As anot her exanpl e of
this enbodinment, the throttle signal may be sent to one or both of

peri pheral conmponents 120 or 130 if these devices are either inactive or
not necessary to the near term execution of instructions in processors 100

- A N A ~ o~ A INE™N MYV VAN ] ,Ssesrrsrm~sAa FNANTl 1 1%L /NN A ™ = P~ AN "



for all or a portion of the conputer systemof Figure 1 in accordarzc‘gaAr;R' $i
one enbodi nent of the present invention. The upward spi kes in the graph are
indi cat iWa0¥p%peri ods of overactivity by one or nore | Cs CWUR99E8Hput er
system typically the processors. The upper threshold set in the power
controller is shown as the upper limt line in the graph of Figure 2A. This
threshold may be pernmanently set within the power controller or may be

modi f i ablAdtebyativedy, fps bareribsdigrent inrwhichttevo os enorel powerf suppliesaarehar dwar e

control. For on nmhodi ment. of the present invention, the upper limt is a
const ant c@ﬁ%&‘iﬁ@ HeRwWt torcirgui R0 paay beitbeddqspawer signabfr ﬁ&ya%@hﬁésoci at ed

with an i I d i y the
corput or Poiet SUFRE, ¥ oP e BSRARSbloBimERF 1 sdverotalREBE RBE DY |07, |
t he out | egctifieh ifput eireag1Bobr eaker trips) This value may be changed by)
for exanple) nodifying the settings stored in the basic input/output system
(BI 0S) of the ld¥nfraulting high voltagecb Ceppwier pignal Jromtiapwt eiseit 16@i&ent i on,

" Funce; Sutest msIREaY S8 SRS B Bhcto2gHaE: EGRPUB Rt (01!
outlets gigthafiodulalos46B8ai ModilgtbrPra® icontiol tHeopowep sigrialmaedliagen egs of

time before their circuit breaker trips. In these cases, the total power
val ue napPredding: 2 gwitchingsignabtopthe bases ofithe teansistorapal be resulinghr eshol d

but et PO GQwEl SaalTs bhed i Hark Tt tad fBR.outhaR SPWRIR Bed per i ods
of time. réxtifed, Iﬂﬁetéu,%?Iaoé&nditfmr{e‘ggs{agmpamrdwws.c%br:@bhnwsmds a

throttle signal to one or nore of the conputer system en an I C
reduces PewessighalcVas isrpravided to paemumore ICs o theycomputerssyptem, ande t ot al

Choan i e SLpRobto i Width 3hESuRter 63T 1 FEMAK yiba mafBbER" T
throttl ebyirgodllatsr t63to ratliate theguls€ dvidth of tHehowitehing signadr IC¥RSan®t i on,
as cal cul ated by the power controller) reaches the | ower threshold

i ndi cat ebelaw thi desired qutpytivaltage, mupdidatari 163 peeases thenpyigeiwidtteahed)

pcr/ UsooYsnf38s HR8VelThE, BIBRTANGY B8haod e odubih fctiarls M pufe

accordaneddti th this enbodi nent, the |lower threshold may be set to a

predeterm ned val ue selected to provide hysteresis to reduce the occurrence
of power osci QN8 PHANGKE PRiaMatas obthe swilghing\gignahpwyidadifomrii s | ower

th hol i i 4 I ired int

the'r ot fgEia 163 6 e Besed bOhiEnG FanGRiors A1T, f62 pRiylpd) [od 1Nt

t hr eshol proportibraintodihel power drycuaretstetorzunded byehe dBsicpupltdit the Vit hi n t he

oraph. ShoRIIHS TR arapleipuIce MiGHr Gy e bath s Wigrh are FRIPTRaa8: ¢ i on
¢t . ! ; .

orbod: moerein s MEUER doid) i) Be probcpFSHIBIRE pthieh RRBIAIRZ ©

the gr apﬂ'hefefE:re;dneagih@rdmeithImte émbadirmentrobtherpreseat ifieption, #18 once
the thrott]le si ne}l is triggered, the signal. is, continual assefted for a
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by a Sec&;hdplgg i I g ﬂautt Qﬁd %Strmt 0 p:pere 313 and communicates data with

other ICs via system bus 320.



sending a throttle signal to an integrated circuit (1C of the conphtiekPR 2003

systemif a calculation that conbines at |east the first and second

par amet Y@ 0¢Wa@hes a threshol d associated with a power delpicyaisge28047
specification of a power outlet into which the conputer systemis plugged,
and reduci ng power consuned by the I1Cin response to receiving the signal.
12. The nmethod of claim 11, further conprising determning if the
calculation r R efnl?élé i r ) ; r-defined
val ue associ a?ﬁgeﬁgj ﬁn{:ﬁgﬁ gﬂ%? de .‘3‘2‘?@’%@3‘?‘%?‘.5 %’lg’tg ﬁg}ﬁv%]n atsﬂ'gdgé‘t@l et into
whi ch t heyrahipnizer 339 difdfigue Plraggivds shdterfhelookt30ddand nulitpliesithe f urt her

i Si det i if th | [ ati h the th hol d, h
£ hr eshol BYAEGIPSK Bigabienay b acfiob At te GReeraie 2 pHe TeaURDEY Browed 15 11
wher ei n bg ieARLS 9f125y§ir‘?é7‘ Ic3 @owhtowgogcggﬁg@] ésgb[yé%ﬁ caﬁ%é@ whi ch

the first portion includes a St proces secon I on

i ncl udeswithgrocessoprai@eatthis blis fréthuerost hCibokf syrichironizér 3Mheaiso n neasuri ng
the first 'ﬁar.ama er includes asuring a duty cycle of a sw tching signal

of a fir3ltiRligs the system clrk eaveneynBya seconsd ratiote generate er

. . N |
of *a T oMM ERAHEAC e 8 SopE reBBEAKE] e B5ie fER ARATK ArBidBale Y, EYE ©
to the spipeline 848t i Ripelifie 318 apuratescat thiscere fré@ueﬁc%o [Bywichrorfizatiorm

of The. cORb3ANNapUeR R NEN A EICF0IGA 46 COmmUBIGatE Geie: Witk EiRelas T1dui | 5
. H t . . d
P ot t 1 oey rece ARRIEnER And fieh s AtHface F2 B MY RLC islheh8y S0 m i1 an

amount cal cul et athrottld SignabisueceRedhiey cRcklsyehedriizes3 T ofiFiRrgi3, h a
power deé_li verééspecifiqation of a power outlet into which the conputer

syst em i ©€FQ¥

pr 0CesSOfhi : t or i i ; ]
el udesird Bt 10 DerR i & reduck S0 bgferity that 8 Sichych thaff RHERA 1,
conput er caresfteruericyc| Bhisréducedheord fregbencywis pvided tcspipelinaidt@dwhidhhi n a

bridge of the conputer system.  20. The conputer s%stem cif ¢laim 16, wherein
RisSigNal IS appr oxi mat e

spoer Praischinl 1 i qHend | b saGRTRATE iy Ve GBS [T

ldis a

the t hr €9RGIAPerates aldbisfeduced qare feequangyy dNVhestheheaft

the outlet. e conp emo erern

functi onthefsyslterg.cld& frEhaencybe yties s:y:endrraticb mida?pplﬂzﬁg tweeleeum'ngﬁdg? ]
paraneter | udes current om the power supp to the portiop of the
conput eré@'ﬁg&é’rﬂe"%.abﬂee%ﬁﬁéeﬂgw &Pr%:#?ﬁ ergy mp&aﬂoph €ar anet er
i ncl udespigs FaLHESS, gﬁw?&éd o Bﬁ§'iﬁfe?fac%eﬁ¥f?é‘mtah% BONSSteRt PAIhusand the
portion of the corputer system -1/ .Ay.A

e. A Ue. AlthoughAte operating tregfaenss(Coveefraguendy. alspacessar 3 10 ) 45y

2 can e At UuRed sBspoRas 18 e rbril SRy e Sdelier Spfaicerfpbefubll s -
b ¢ d e operate undisturbed because processor 310 communicates with the other ICs
coupled to bus 320 at a consistent bus frequency.

Reducing the core operating frequency of processor 310 of Figure 3
reduces the power consumed by processor 310. In accordance with one
embodiment of the present invention, an abrupt transition between core
frequencies of processor 310 may be achieved by rapidly switching between
two multiplication ratios within clock synchronizer 311 in response to the
throttle signal. A slower, smoother transition between core frequencies may
be achieved by stepping through various multiplication ratios between the high
and low core frequencies. A rapid frequency transition may be desirable to
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Lg10% &pipelinel a8 elebsed upon deassertion of the throttle signal. The stall may
be global, in which all pipelines within processor 310 are stalled, or local, in
which only select pipelines are stalled. For an embodiment in which a local
stall is implemented, which pipeline, or which portion of the pipeline, is stalled
may be predetermined by the processor designer and hard wired into the
processor. Alternatively, this determination may be modifiabie by a user or
automatically selected by the processor.
For another embodiment of the present invention, in response to the
assertion of a throttle signal, processor 310 of Figure 3 issues no-ops to
pipeline 313. A no-op requires little or no servicing or activity by the processor
upon execution, so the processor requires only a fraction of the power (e.g.
less than half) to execute the no-op than it requires to execute most other
instructions. Alternatively, the clock supplied to the pipeline, or pipeline portion,
that is executing the no-op is turned off. The normal instructions of the
program code are again issued to the pipeline upon deassertion of the throttle
signal. For one embodiment of the present invention, a mix of both no-ops and
normal instructions are issued to the pipeline during assertion of the throttle
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signal. The relative mix between no-ops and instructions may be

predetermined by the processor designer and hard wired into the processor.
Alternatively, this determination may be modifiable by a user or automatically
selected by the processor.

Figure 4 is a flow chart showing a method of reducing power
consumption of a processor in accordance with an embodimént of the present
invention. At step 400, the power, or a parameter that is proportional to power,
consumed by the processor is measured. This power may be measured by a
meter and the value provided in either digital or analog form to a power
controller. For example, an ammeter may provide a measurement of the
current consumed by the processor to the power controlier. Next, at step 405,
the power controller determines if the power has reached an upper threshold.
If the power has not reached the threshold, normal operation continues at step
400. If, however, the power has reached the threshold, then, at step 410, the
amount of power being consumed by the processor is reduced. This
reduction may be in response to a throttle signal sent from the power controller
to the processor.

Next, at step 415 of Figure 4, the power controller determines if the
power has reached a lower threshold. For another embodiment of the present
invention, the power controller alternatively or additionally determines if a
predetermined period of time has elapsed since reducing the power
consumption at step 410. If the determination proves to be false, then the
power consumption continues to be reduced (or continues in a reduced state,
for an alternate embodiment), at step 410 until the determination at step 415
holds true. Once the power has reached a lower threshold or the
predetermined period of time has elapsed, normal operation is resumed at
step 420 and the method proceeds back to step 400.

Figure 5 is a flow chart showing the method of Figure 4 in a first
embodiment of the present invention. At step 500, a processor core is
operated at a high core frequency while the processor communicates with
other ICs of the computer system via a bus operating at a bus frequency. Next,
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processor is reduced. The bus continues to communicate with the other ICs

of the computer system via the bus operating at the original bus frequency.

Next, at step 515 of Figure 5, it is determined if the throttle signal to the
processor has been deasserted. The frequency is maintained at the reduced
state at step 510 until the throttle signal is deasserted. Once the throttle signal
is deasserted at step 515, the processor resumes normal operation at the
high core frequency at step 520, and the method proceeds back to step 500.

Figure 6 is a flow chart showing the method of Figure 4 in a second
embodiment of the present invention. At step 600, a processor is operated by
continually issuing instructions and executing those instructions via the
processor pipeline. The power consumed by the processor is continually
measured during this operation and monitored by a power controller. Next, at
step 605, the power controller determines if the power has reached an upper
threshold. If the power has not reached the upper threshold, normal operation
of the processor continues. [f, however, the power has reached the upper
threshold, then, at step 610, all or a portion of the processor pipeline is stalled
to reduce the power consumption of the processor.

Next, at step 615 of Figure 6, the power controller determines if the
power has reached a lower threshold, or, alternatively, the power controlier
may determine if a predetermined period of time has elapsed since stalling
the pipeline at step 610. The pipeline continues to be stalled at step 610 until
the power has reached a lower threshold or the predetermined period of time
has elapsed. Once the lower threshold is reached or the predetermined

-13-



'S, S109& () - *10%&() J100& () LF1Y U10% () - 7 3 APR 2003
109& () - zn[0 A1 1°1}42pCs 101 =109%& () 9! 109& () -

7m0 (YOrY %:c& () m 21 109& ()-m 31@ 109%& ()- !b! ¢! dipetrivsyboftiab G
10!)" 109& ()-109%& ()- | 109 ()- 10 10 10f ?nmlO%: ()-#=1096& ()-P""""#
$$a?b@ 10! y10% ()-!{LL!10%;& ()-S10% ()-Y 10%& ()- GLOY& () -

F109%&' () - $$%R&R&N?b@ 10 ' T10%& ()- IR$s!10% | & ()-@" 109 ()- ' '10%&k () -
109%& efioadf (tm (Qi&ps Q:pb@&ﬁor() JHR¥E dt)step 62 th

3 %1 18/@5& 0 tﬁl 1%5§s(é @eg*lom ()- 10%&5%% .gg*dé* k?ﬁ’*J*\}*eg s

103" 9109&t2ll of theopipealing lsgre{e_a};m& t eimemod proceeds back to step 800.

1008 () ?ﬂ%ﬁ%ﬂ%e@"”d& Wl Fiods s Bt e

10" 3ml0%én{bodirkeht éﬂ@é@@ﬁéﬁpﬂﬁ&nﬁén It steg 700 a processor is operated by
1096& ()- & Y+ 1096& () f&E" 1098& () - 72220333; 4dEMCs 10 & ()-

s10%& () contnually) tsmlog&nstyuct@nﬁ ep(pcltlng:cmpsg -ingtncations V|a the
processor pipeline. The power consumed by the processor is continually
measured during this operation and monitored by a power controller. Next, at
step 705, the power controller determines if the power has reached an upper
threshold. If the power has not reached the upper threshold, normal operation
of the processor continues. If, however, the power has reached the threshold,
then, at step 710, no-ops are inserted into the processor pipeline to reduce the
power consumption of the processor.

Next, at step 715 of Figure 7, the power controller determines if the
power has reached a lower threshold, or, alternatively, the power controller
may determine if a predetermined period of time has elapsed since inserting
no-ops into the pipeline at step 710. No-ops continue to be inserted into the
pipeline at step 710 until the power has reached a lower threshold or the
predetermined period of time has elapsed. Once the lower threshold is
reached or the predetermined period of time has elapsed, normal operation is
resumed at step 720 (e.g., the normal instruction flow is again issued into the
pipeline) and the method proceeds back to step 700.

This invention has been described with reference to specific exemplary
embodiments thereof. It will, however, be evident to persons having the benefit
of this disclosure that various modifications and changes may be made to
these embodiments without departing from the broader spirit and scope of the
invention. The specification and drawings are, accordingly, to be regarded in

an illustrative rather than a restrictive sense.

-14-



6[ 677dEnbCs 10#10%& ()- ! 109%& () - nF

"109& ()-f!109%& ()-F! 109%& ()-9L! 10%& ()-379[: : :a:b:n:z:bCs 2/ 3 APR 2003

10sLmL0% ()-' | 10% ()- 10 10 10,:410%& ()-&0T 10%& ()-$ " 109%& ()-

. =>?@EbCs 10! 10%& ()-! 109%& () - 109%& ()- 9! 10%& () - 10%& () -

| " 109 () - @GMA. BWBBCEbCs 100 109%&' ()-/109%& ()- - @ 10%& () - +10%& () -

& 10%& ()-3% "10% & () - FO COCFDIDKDLDMDAYNGs 10 10 10 10, L< 10%& ()-9

109 () - YhhlOURinfeis: 5T 109%& ()- 410%& ()- MDZDf DUDDEOFAEYNCs 10 Y

" 10968 ()-' SMLOY& ()- s 109B& () -

1 1096& () - F109%& ()-9' FML0%& () - 9FFFFH JJAEYNGs 10

L1 1098 () -L! AR bbbk coASIBR ) LY AL (-

JQLLLLLLLaM~ =s '& "109%& ()~ 310%& 05 105 1 0%

1096& () - | BiRE p I9gyERCn} QfWFNNdbE%D} approxizgately prapogropsl 1‘1W e9nsumed by at
0% () 2 Ray L08R e 0¥ o = & 10% -8 () MOPOORR S @_=s

L*109%' () - Y% 109& Z'9Y% 10%&; ()-Z "10%&' ()-" "109%& ()-! °
"109%& () - - SSkTRQMmapurement to determine if the power consumed by the portlon of the

103”10%&' (%@i& M4 (oachd Frd R a(;s)omate@v'xtilxg%wér)crehve@ ipbB¥8ation of £+! 10%& (

F109%<& é}) 10%& /é(tﬁgp
. 10%&' () pavpTRWlet trwhigh e comppter gysicin [s)pluggert
10XZ#\ g\ ] > aBnlV F10%4! 109%<& ()- !'Y. &10%<& ()-*!109%& ()-9S)z10%& () -
& 1'109%& (%-f '109%& ﬁ) &+ 01239 = =F"10%\& f) 100\ & ()-10% & ()-
10< 10< . The method of claim T, further comprising sending a throttte signal if the power

consumed by the portion of the computer system has reached a threshold.

3. The method of claim 2, further comprising reducing the power consumed by the portion

of the computer system in response to an integrated circuit (IC) receiving the throttle signal.

4. The method of claim 3, wherein reducing the power consumed by the portion of the

computer system includes reducing a clock frequency or voltage supplied to the IC.

5. The method of claim 3, wherein taking the measurement includes measuring a duty cycle
of a switching signal in a power supply coupled to a processor, and reducing the power includes
reducing power consumed by the processor in response to the processor receiving the throttle

signal.

6. The method of claim 3, wherein taking the measurement includes measuring a duty cycle
of a switching signal in a power supply that supplies the power, and reducing the power includes
reducing power consumed by the IC in response to the throttle signal, the IC being determined to

have a lower impact on operation of the computer system than an alternate IC.

7. The method of claim 1, wherein taking the measurement includes measuring a duty cycle

of a switching signal in a power supply coupled to the portion of the computer system.

8. The method of claim 1, wherein taking the measurement includes measuring a duty cycle
of a switching signal in a power supply that supplies the power.
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measuring a first parameter that is proportional to power consumed by a first portion of
the computer system;

measuring a second parameter that is proportional to power consumed by a second
portion of the computer system;

sending a throttle signal to an integrated circuit (IC) of the computer system if a
calculation that combines at least the first and second parameters reaches a threshold associated
with a power delivery specification of a power outlet into which the computer system is plugged,
and

reducing power consumed by the IC in response to receiving the signal.

12. The method of claim 11, further comprising determining if the calculation reaches a
threshold that is predetermined to be a user-defined value associated with the power delivery

specification of the outlet into which the computer system is plugged.

13. The method of claim 11, further comprising determining if the calculation reaches the

threshold, the threshold calculated as a function of time.

14. The method of claim 11, wherein the computer system is a multiprocessor computer
system in which the first portion includes a first processor and the second portion includes a

second processor.

15. The method of claim 11, wherein measuring the first parameter includes measuring a
duty cycle of a switching signal of a first power supply coupled to the first portion of the
computer system, and measuring the second parameter includes measuring a duty cycle of a
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a controller to send a throttle signal to an integrated circuit (IC) of the computer system if
an amount calculated using the value reaches a threshold associated with a power delivery
specification of a power outlet into which the computer system is plugged.

17. The computer system of claim 16, wherein the IC is a processor.

18. The computer system of claim 16, wherein the parameter includes a duty cycle of a

switching signal of the power supply.

19. The computer system of claim 16, wherein the controller is contained within a bridge of

the computer system.

20. The computer system of claim 16, wherein the threshold is predetermined to be a value
associated with an approximate upper power level that can be reliably consumed by the computer
system from the outlet.

21. The computer system of claim 16, wherein the threshold is a function of time.

22. The computer system of claim 16, wherein the parameter includes a current from the

power supply to the portion of the computer system.

23. The computer system of claim 16, wherein the parameter includes a voltage across a

resistor between the power supply and the portion of the computer system.
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