WO 03/ 027820 PCT/ US02/ 31160 1 METHOD AND APPARATUS FOR ADJUSTI NG THE
VOLTAGE AND FREQUENCY TO M NIM ZE PONER DI SSI PATION I N A MULTI PROCESSOR
SYSTEM 5wl @slokrsah- THE | NVENTI ON [ 0001] The present i nventrcavusSiebeaices
generally to the field of mcroprocessors and conputer systens. More
particularly, the present invention relates to a nethod and apparatus for
adj usting the voltage and frequency to mnimze power dissipationin a

nul ti processor syst emMETHBACKNROMPA RA TUNEFQRMENTIXI D002] In recent
years, the price of personal corrput ers (PCs) have rap| dIy declined. As a
result, nore and nor EEEVIOLTAGE AAPFREONEN(e TONVHINIMI vantage of newer
and faster machi nes. Corrputer systems have becone i ncreasingly pervasive
in our society. : , N YSTHEM eases, so does
the power consunption. 15 Further nore, high povver consunption can al so | ead
to thermal issues as the heat has to be dissipated fromthe conputer
system And unli ke desktop conputers that are powered by an alternating
currents ( ARESD OFCEIEMNVENTION onput ers usually run off a limted battery
supply. If a nobile conmputer is operating at the sane perfornmance | evel as
a desktop [oBghi NEhe pro@npPiaVEItion Seldésaicnaal ly toltiat fialebmigripedcessors2Bd [ 0003] | n
order to extend battery life of nobile conputers w thout w dening the

per f or MRNC gorfhitier Wskdinsd Nddst Phrtic@lbiy, BieRssk S iRRAtidrOrelad te £ mibthed painer
consunption of desktop nmachi nes, conputer manufacturers and desi gners have

I nstitut ed, AnRIs f&aa\ﬂjtdgﬂng theeoRRE Qﬂyfreq%@y@é iR ze pOwEredssGRIGOMRN
consunption entails the use of | ow power circuit devices. Another power

savi ng mnet Hﬁﬂlp’r&ests&?r #,g‘tgm_softvvare in controlling system

10 BACKGROUND OF THE INVENTION

[0002]  Inrecent years, the price of personal computers (PCs) have rapidly declined.
As a result, more and more consumers have been able to take advantage of newer and
faster machines. Computer systems have become increasingly pervasive in our society.
But as the speed of the new processors increases, so does the power consumption.

15  Furthermore, high power consumption can also lead to thermal issues as the heat has to be
dissipated from the computer system. And unlike desktop computers that are powered by
an alternating current (AC) source, notebook computers usually run off a limited battery
supply. If a mobile computer is operating at the same performance level as a desktop
machine, the power is drained relatively quickly.

20 [0003] In order to extend battery life of mobile computers without widening the
performance gap with desktop counterparts and to reduce the power consumption of
desktop machines, computer manufacturers and designers have instituted power saving
technology. One attempt to reduce power consumption entails the use of low power
circuit devices. Another power saving method is to use software in controlling system

25  power and shutting down system devices that are not needed. Several voltage/frequency



25 power and shutting down system devices that are not needed. Several

vol t age/ frequency WO 03/ 027820 PCT/ US02/ 31160 2 adjustnent schenes

i ncl udi ngworisebk7s26peedSt epni t echnol ogy have been devel opee@cirassomaxisem ze
battery life for nobile processors. [0004] But even as designers slowy
reduce the power needs of the overall system the power requirenments of

t he processor havekg’often remai ned steady, Furthernore, existing 5 schenes
are usual F%“f@?ﬂéf greaincidie lateh r set®. orhwslogy havetbiserideveleagd tonpl ement
deep processor operating frequency reductions do so by adjusting the bus
ratios. SURKITNER Bgery lifefas mebtle prosesidte in a server product because of the
significant performance inpact. New schenmes have to be devel oped to target
pover red(Wfbn Bt ¢vse apdastsastsslowdy redirs thpepoiedpeedaefihs evevall systegnibat s. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] The present invention is .

i |1 ustr at eeveyyequargmerts ektherplogesagrchanomefidnirerndinedi staady. i Furthehgoré iegisties of t he
acconpanyi ng drawi ngs, in which like references indicate simlar elenents,
and i n3 whiaimesi@e pYOlGiardtagiat eobilé srodictc Rradersgresimdofhatinpldnidnpda@p es s or
conputer systemfornmed with processors that include a mechani smfor

adj ust i ngpiokessur@iptraigng Gemplefayeedietiays doao by adjmiting theppavvertiosli Shpattiodsn i n
accordance with the present invention; [0007] Figure 2 is a block diagram
of a procesgot fetditdt ini nehwedpedact beabsnif siasigaificamherfoiniange infpacty dletvage and
frequency in accordance with the present invention; and 20 [0008] Figure 3
is a fl owdbaed havepriesinéloped 10 teged phod irdtRttionak the piibhefatitke ®giges dance Wi th
the present invention for adjusting the voltage and frequency to mnimze
power di ssida@iviepseginBntd NMul ti processor system

10

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]  The present invention is illustrated by way of example and not limitations in
the figures of the accompanying drawings, in which like references indicate similar
elements, and in which:

15 [0006]  Figure 1 is block diagram of a multiprocessor computer system formed with
processors that include a mechanism for adjusting the voltage and frequency to minimize
power dissipation in accordance with the present invention;

[0007]  Figure 2 is a block diagram of a processor that includes a mechanism for
adjusting the voltage and frequency in accordance with the present invention; and

20  [0008] Figure 3 is a flow chart representing one embodiment of a method in
accordance with the present invention for adjusting the voltage and frequency to minimize

power dissipation in a multiprocessor system.



WO 03/ 027820 PCT/ US02/ 31160 3 DETAI LED DESCRI PTI ON [ 0009] A nethod and
apparatus for adjusting the voltage and frequency to mnimze power

di ssi pat iwo am2@m2erul ti processor systemis disclosed. The edradomencs
described herein are described in the context of a m croprocessor, but are
not so limted. Although 5 the follow ng enbodi nents are described with
ref erence er enbodi nents are applicable to other
integrategi@¥&g§higﬁgé§h%ggé?devices. The sane techni ques and teachings of
t he prese phvention can easily_ be applied to other types of circuits or
senicondu@%@%ﬁde “B@gmfﬂﬁﬁpﬁﬁﬂu%@ﬁ@@nggﬂ&ﬁpﬁﬁﬁ@ﬁdﬁﬁVﬁH@@PnPO@%@i In the
follow ng description, for purposes of explanation, nunmerous specific 10
details aP%W%réjl‘SSiEB’i‘cf‘Hn?W”HFFH%?CS%ObSyﬁFGHVESS@Clasetdha%ﬂgwdﬂﬁ@é?@qs@ﬁ@ﬁng of the
present ipvention. _One of ordinary skill in the art, however, wl]l

appr eci at BETERAfe denaied §1Be patext et Bicreprepesson bt argiet 6e Haitgd. | Althpugler t o
practice the present invention. In other instances, well known el ectrical
st r uct Ur ethedplipving embadimenipase drseritsdearithgeferenes tof provegsar, theul ar detail in
order to not necessarily obscure the present invention. 15 [0011] Many
present daybedimeipare epmisehletocahes invegraiedeirduite amogiadenees sTlof sapewer  duri ng
normal operations. This power consunption has also led to issues in power
di ssi pat i Gahniqres eebisanhinganithe pstahimventongenensiy beyapgdbsl igntdr typeogfer at e
within set thermal envelopes. As the performance and power requirenents

i ncr ease, citduits orsgumédondetar deviodsttien carblenpfitfivadpdver tdvingki mit or even exceeded.
A nunber of different schenes have been 20 devel oped to address this issue
in the nojeolLe ar dnthe fdowingelescripti@s €orgarm@saaiexmatia) Adheroespa@fti ed to
desktop and server environnments due to system and perfornmance

requi r@meddtsils afdd Rkth i0brdénts banie a th@vhandyehi B filSHURACY vadbaSt ment s
schenes devel oped to

One of ordinary skill in the art, however, will appreciate that these specific details are not

necessary in order to practice the present invention. In other instances, well known
electrical structures and circuits have not been set forth in particular detail in order to not
necessarily obscure the present invention.

15 [0011] Many present day microprocessors consume significant amounts of power
during normal operations. This power consumption has also led to issues in power
dissipation. Processors and systems are generally designed to operate within set thermal
envelopes. As the performance and power requirements increase, this envelope can often
be pushed to the limit or even exceeded. A number of different schemes have been

20  developed to address this issue in the mobile arena. However, these same schemes cannot
be applied to desktop and server environments due to system and performance
requirements.

[0012] For instance, several voltage/frequency adjustments schemes developed to
maximize batter life for mobile processors implement deep reductions in the processor

25  operating frequency by adjusting the bus ratio. Such deep frequency reductions are not



maxi m ze batter life for nobile processors inplenment deep reductions in the
processor 25 operating frequency by adjusting the bus ratio. Such deep

f requencywoadeiseons are not WO 03/ 027820 PCT/ US02/ 31160 péTiesasshbe in
server products because |arge frequenay reducti ons woul d have significant
performance inpacts. A smaller frequency reduction range nmakes adjusting

t he bus rgeti.ﬁ1 .1 npracti.cal becaiase he smal | er, range woul d not provide
enough gr aftuP &Mt %%‘.’er PRedPhRGCABE A ehBEurP Ry SrBc s svouldhar a gignifieanuency

adj ust rrentfﬁfchemss are generally 5 trigger ed by chanq%'iégg zﬁ/stem power
suppl y f r BYHAMARELBPACESy A lepbimienaadustienrapes mekes a gdffe s eatie

adj ust ment schemes al so operate under software control, while others also
requi re uddyaispesause thesmaljer mrge Weuldtpirrovighenough grarwlasity envi r onnent  cannot
facilitate the need for user input. A server also operates off a constant
mai n poweFUEgEpory. metile praepssel yoltegeiBemencyrdiusiplentnehenadsiagngenetally s di ffi cul t
for software to conpletely control the voltage and frequency of each

pr ocessor triggeredhby ehpggingrsysiknmeawver sepiphy Gore alshitar &i maie potver andividedeak. pr ocessor
can have local, independent control over its own voltage and frequency
oper at i ngMe#li afthessadjrstaehe sehemesalsly eresatd inelsesofipedtsonifdiewhitd dtbgedlfs equency
operating point in enbodinents of the present invention is determ ned by
an on- chipqeicniseioddngol. and not by a software applet 15 as in sone existing
met hods. One enbodi nent of a controller chooses the operating point in
order to BAX3]m zOntheethpe himl avamee enhirdnenenodanmot Eedidite hetnbed fohaseral power
limt. Thus the systemis able to react faster to a power surge in a
server prinpessgoservef A6 dierdtesdth camisiant mdin phveer RESE Mh ainfiBFbtRsLrof f er power
managenent capabilities to nultiprocessor servers. Application of an
enbodi 0renimpdmédnbiopIieis aifficuli feetifivare ©@Bma3Rtei dohiid1 Zig: Ydkegd AldateqReneer
consunption for an NNway nulti processor server, while providing

per f or mangr:aeprae®In ¢h thd Bysfenf. eRh W CechMGudPLLSS 8k iiRlivified piddssaahng the

have local, independent control over its own voltage and frequency operating point is
needed to address these needs. The voltage/frequency operating point in embodiments of
the present invention is determined by an on-chip controller and not by a software applet

15  asin some existing methods. One embodiment of a controller chooses the operating point
in order to maximize the performance while not exceeding the thermal power limit. Thus
the system is able to react faster to a power surge in a server processor.
[0014]  Embodiments of the present invention offer power management capabilities to
multiprocessor servers. Application of an embodiment of the present invention can

20  minimize the total power consumption for an N-way multiprocessor server, while
providing performance on demand. This feature can be essential for increasing the
processor density for rack-mounted servers. Each processor manages its own power
dissipation, while the system software has a high-level control over how the power is

burned in an N-way multiprocessor system.



processor density for rack-nounted servers. Each processor manages its own
power dissipation, while the system software has a high-level control over
how t he pewoas/oem20 burned in an N-way nultiprocessor systemrCcTWS080311627820
PCT/ US02/ 31160 5 [0015] O her enbodi fents can al so be used in single
processor desktop systens. A frequency/voltage adjusting nechani smof the
pr esent 'Eb\ﬁig]zl on.can allow a single processor design to operate at a
variety o quiHier gabodimentscapaliodgdissd ip singls prosesserdeskien Fyseaisodd t o
different performance | evels that consuners want. One processor die can be
5 set to gg‘@r?eﬁ‘iyé"ogﬁgeﬂdﬂisﬂFgg’élﬁ@raf’@m(oél%)lzre%illllVénfanahéHO‘Mﬁélngkom the same
waf er can be set to operate at 1.5 GHz, and another at 1.4 GHz. For

exanpl e, BiRecsHrdedsoropaiatsiayp varigly piefrequensiasc Ahase verinus frgqueneienamnuf act uri ng
process. The processor is then set to operate at a one specific frequency
bef or e befditgserar it/ differgnt perigrraanse dnvels thet eansumanwhizic Oue progessdindie vaal tied
operating points are programed into the fuse array or nmenory. Thus a

pr ocessor set & dreragesgh Al gl (V) dwvhily anhidenslie from thereme nefessabe/sef or  t hat
particul ar conmputer system [0016] Referring nowto Figure 1, an exenplary
conput er epesatesh 110GHE,s:nd hoather at B¢ SHHn FbOexaimpl, ocbgso@ssoo dpsignhanah be such as a
processor, enploying adjustnents of its voltage and frequency to m nim ze
power di skbpetddahringthencanfianceg piotdsst e po@senis thdneediopaate a4kt as in the
enbodi nent descri bed herein. System 100 is representative of 15 processing
syst ens baseific Giaquchey HAENEbelvg dtlivieredRENThstdMier hfted manbRBluHAT MhdWagig Opr ocessor s
available fromlIntel Corporation of Santa Cara, California, although

ot her syséiBing boialsuel frogRGmeh ab 0@ fdches mlﬁérﬂi}?r.omﬁwr&es@mi neering

wor kst ati ons, set- top boxes and the |ike) may al so be used. In one

enbodigrendapaisia Uﬂir@vi&i}’l? BRIPetOndmBY nQ8ssa B pRGicMaV @l sRienf. e W NDOWETM
operating system avai[able from M crosoft 20 Corporation of Rednond,
Washi ngt o016}l t NR&BRINGhBR o PREEET, MExSHSES TBmARE 5:aRA06 A shown.
System 100 includes a component, such as a processor, employing adjustments of its
voltage and frequency to minimize power dissipation in accordance with the present
invention, such as in the embodiment described herein. System 100 is representative of
15  processing systems based on the PENTIUM® III, PENTIUM?® 4, Itanium™
microprocessors available from Intel Corporation of Santa Clara, California, although
other systems (including PCs having other microprocessors, engineering workstations, set-
top boxes and the like) may also be used. In one embodiment, sample system 100 may be
executing a version of the WINDOWS™ operating system available from Microsoft
20  Corporation of Redmond, Washington, although other operating systems and graphical
user interfaces, for example, may also be used. Thus, the present invention is not limited
to any specific combination of hardware circuitry and software.
[0017]  The present enhancement is not limited to computer systems. Alternative
embodiments of the present invention can be used in other devices such as, for example,

25  handheld devices and embedded applications. Some examples of handheld devices



user interfaces, for exanple, may al so be used. Thus, the present invention
is not limted to any specific conbination of hardware circuitry and

sof t war e. wp@BMb7Zjs20he present enhancenent is not |imted t@CToURBAELO
systens. Alternative enbodinments of the present invention can be used in
ot her devices such as, for exanple, 25 handheld devices and enbedded
applications.. So exanpl es of handhel d devi ces WD 03/027820 PCT/ US02/ 31160
6 i ncl ude B Gelllar phensednternst Biotpse! dovigesodigital gampres ersanagidigiitl caner as,
personal digital _assistants (PDAs), and handheld PCs. Enbedded

appl i cat i 8F5EEBAPPAS) arrbhandheld BE clombadded applicagionti agiringludsiagnal pr ocessor
(DSP), systemon a chip, network conputers (NetPC), set-top boxes, network
hubs, wi d@igpeatraliarnodikityl War! psedesson@SP),oystemyn achipr ndfwertsomputeki ch use a
mechani sm for mnimzing power dissipation for other enbodi ments. [0018]
Figure 1 iMetBChbabd®p biixgsmatwoof hunevidahoadngteotk (BFAM) switchésporomgsther conput er
system 100 forned with processors 102 that include a nechanismfor

adj ust P ng systesn voich agper meahenism dopueinoyizing poweridissipatiqndfoestheticabogiatehon i n
accordance with the present invention. The present enbodi ment is described
in the cofdf} oFigurenlidd Wododisgan ofysteatbpdibieht e mlltigbeRsdreempriodi nent s
can included in single processor desktop or server system System 100 is
an exanpl eystdin H0Hoimearweith grecdssorel 02The in[p dhechmysat id08ing il vilas
processors 102 that processes data signals. Processors 102 can be a conpl ex
i nstructi eml fr&@éncy arrmiidize PCVERissiPacibrOI 06RO witltHe@eseR GnvieRSdnl UCt | on set
conputing (RISC) mcroprocessor, a very long instruction word (VLIW

M Cr opr OCEHES PresenBenicdGRsS Brdeddibed Rl tBETRMickNEF adnBBRBERXrisPierRfbut NSt ruct i on
sets, or other processor device, such as a digital signal processor, for

exanphe. Fi i I resent
nphe. EidhHiife dmBRRMEtAhnSXAIREN QBQ@%@&M%% %ggrﬁé{}gsterﬂ. Se

invention inplenmented in a nmultiprocessor syste ver, it is

under st 00dysdfo 19LA @;Eanﬁﬁg)&di. KB hitEB Ve .a'i"ﬁeedfo%uey ?}lsVenpde iml&gented as

systens having a single
processors 102 that processes data signals. Processors 102 can be a complex instruction

set computer (CISC) microprocessor, a reduced instruction set computing (RISC)
microprocessor, a very long instruction word (VLIW) microprocessor, a processor
15  implementing a combination of instruction sets, or other processor device, such as a digital
signal processor, for example. Figure 1 shows an example of an embodiment of the
present invention implemented in a multiprocessor system 100. However, it is understood
that other embodiments may alternatively be implemented as systems having a single
processor. Processors 102 are coupled to a processor bus 110 that transmits data signals
20  between processors 102 and other components in the system 100. The elements of system
100 perform their conventional functions well known in the art.
[0019]  In one embodiment, processors 102 include an internal cache memory 104.
Depending on the architecture, processors 102 can have a single internal cache or multiple
levels of internal caches such as a Level 1 (L1) and a Level 2 (L.2) cache. Sensors 106 and

25  afrequency/voltage controller unit 108 also resides in processors 102. The sensor



processor. Processors 102 are coupled to a processor bus 110 that transmts
data signals 20 between processors 102 and ot her conponents in the system
100. The wioammrisso of system 100 perform their conventi ona@cTiusogsilens wel |
known in the art. [0019] In one enbodi7Tment, processors 102 include an
internal cache nenory 104. Depending on the architecture, processors 102
can have a sin?{e infernal cache or nuhliple | evel s of internal caches
such as aMCBUYEP hE totp} Rower gonsuinpien of thechipjand sarsigesseyolizas/agsenand 25 a
frequency/vyoltage.controller unit 108 al so resides in processors 102. The
sensor V\D%%?“@? abltyepreT/gaeesy Wb 1ety resrdeamihe die or ehihe pencagsoppudite. consunpt i on
of the chip and can trigger a voltage/frequency adjustnent if needed.
Sensors 106CHAY eﬁngg?ha@m@ Rf & Fequsney/itagsrcoptielles mseleanisor 108du klso be ysed er nat e
enbodi ments of a frequency/voltage controller nechanism 108 can al so be
used in HBICEEOHIISIS enbeddedpreerses, prapiesdayicss, DfPaphil othedoypéseds, DSPs, and
other types of 5 logic circuits. [0020] For the enbodi nent of a

nul ti pf oc&8iEGircei{sst em 100 in Figure 1, each processor 102 has the
capability to control its own voltage and frequency operating points

t hr ough aﬁ'ﬂéﬁ)i- di Eorgbeembgbmsmsof a 108ipsasessar dysied\idf én Bignte hlehadr 108. The

power sensor 106 of this enbodi nent nonitors the power consunption of the
pr ocessor prooZsanf2 Seritls capabilitydio gbttal Ityovenedtedandaiag@ertcd opbratipaidtol | er 108.
The sensor 106 can neasure the current consunption of the processor or the
t enper at utheough at bie-dieiioper Jdneore v andlalherdwaRR oi@dller ¢08. CTHeglo®et RBsopOVer
consunption based on the present operating voltage and current. Anot her

enbodi men106df tids pabetimsemsaitok6 garr toRIhRIontl hePrOQLQSS 102 H08RME g | oad or
activity by nonitoring the instructions entering the processor execution

pi pel iloe. difhalykhcaRavEiat tethe d88rolan 08! S %R I VEcAnRs4burE ERBUSEASOr S
external to processor 102. [0021] System 100 includes a nenory 120. Menory
120 can beongurfiptida bif eheREWSIIY or the temperature of the chip. The controller 108 can
calculate the power consumption based on the present operating voltage and current.
Another embodiment of a power sensor 106 can monitor the processor compute load or
activity by monitoring the instructions entering the processor execution pipeline. The
15 controller 108 can also receive input from sensors external to processor 102.
[0021] System 100 includes a memory 120. Memory 120 can be a dynamic random
access memory (DRAM) device, a static random access memory (SRAM) device, flash
memory device, or other memory device. Memory 120 can store instructions and/or data
represented by data signals that can be executed by the processors 102. A cache memory
20 104 can reside inside the processors 102 that stores data signals stored in memory 120.
Alternatively, in another embodiment, the cache memory can reside external to the
processors 102.
[0022] A system logic chip 116 is coupled to the processor bus 110 and memory 120.

The system logic chip 116 in the illustrated embodiment is a memory controller hub

25  (MCH). The processors 102 communicate to the MCH 116 via a processor bus 110. The



access nmenory (DRAM device, a static random access nenory (SRAM devi ce,
flash nenory device, or other nenory device. Menory 120 can store

i nstruct iwo3apor data represented by data signal s thatcaarsobeliexecut ed
by the processors 102. A cache nenory820 104 can reside inside the
processors 102 that stores data signals stored in nenory 120.

Al ternati i n_anot her enbodiment, the cache nenory can reside external
to the p@é‘lé&?@"‘%ﬁ% g’?bg?‘f]w lé&ﬂreW@P@rﬁaﬁbﬂiséo &W’ﬁr}il]?é fpsingtigiigreandt o t he
processor .bus 110 apd nenory_120. The system|logic chip 116 in the

i |1 ust rat 842 ERis8aP stoeage ofgrarliGy C%Wﬁ?‘éb fiaig angl iextpms.(UeHyICHA6 processors
102 conmunj cate tQ the MCH 116 via a processor bus 110. The WD 03/027820
PCT/ US02/ SHecEratasignely betweep thnarersssors 182.gRemrin d3f.dnh otrerasmpopsatstin 18 t o
menory 120 for_instruction and data storage and for storage of graphics
commands, S\l Mpid beidgestesdataryignalybeiweems progiissardus 1 Hh eG4 andbet ween t he
processors 102, nenory 120, and ot her conponents in the system 100 and
bri dges t hstegal'a 132-ghdomelsatbadioenisrtbewysicmrlogiaship 106 prowivies yrdiss partd 5
system 1/0 122. In sone enbodi nents, the systemlogic chip 116 provides a
gr aphi cs pweeuplingto @ gaphichepntrolles 143. aiisiNEHAd A iy whpled tolrhi@norFhz0 MCH 116 is
coupled to nenory 120 through a nenory interface 118. The graphics card
112 i s cothpdugh atngentdne inWTFicd 168. Therzophies eand AtTislconmtdd tiia MpHila6 Port ( AGP)

i nterconnect 114. [0023] System 100 uses a proprietary hub interface bus
122 to cothpdugh bhdcbdltatd Griphics POrt {AEP) ihrcoamdct tld.er hub (1 CH) 130. The I CH
130 provides direct connections to sone |I/O devices. Sone exanples are the

audi o conf0oed]l er Sysiéni NORLEs Bploplibthig b BltéoBke beB122dataiplethOh@ye1 1634, | egacy
I/ O controller containing user input and keyboard interfaces, a serial

expans onthp ot contt6iterasb LUy aBse.atheIet B0 pRisdes UoB: coRbtidhs RELWRTIO control | er
134. The data storage device 124 can conprise a hard disk drive, a floppy
di sk dri vesvicds. By ™Mamples are the audio controller, firmware hub (flash BIOS) 128, data
storage 124, legacy I/O controller containing user input and keyboard interfaces, a serial
expansion port such as Universal Serial Bus (USB), and a network controller 134. The
data storage device 124 can comprise a hard disk drive, a floppy disk drive, a CD-ROM
15 device, a flash memory device, or other mass storage device. System 100 also includes a
power supply that can both source and sink current to the above mentioned components.
[0024] For another embodiment of a system, one implementation of a
frequency/voltage adjusting power dissipation mechanism can be used with a system on a
chip. One embodiment of a system on a chip comprises of a processor and a memory.
20  The memory for one such system is a flash memory. The flash memory can be located on
the same die as the processor and other system components. Additionally, other logic
blocks such as a memory controller or graphics controller can also be located on a system
on a chip. By including one embodiment of the present invention on the system on a chip,
the frequency/voltage controller can adjust the processor frequency and voltage to

25  minimize power dissipation.



15 device, a flash nmenory device, or other mass storage device. System 100
al so includes a power supply that can both source and sink current to the
above nenwioasedrsconponents. [0024] For anot her enbodi nentpcafusaz/smseé em one
i npl enentation of a frequency/voltagé adjusting power dissipation
mechani sm can be used with a systemon a chip. One enbodi nent of a system
on a chip iggpri es of a grocessor and a nmenory. 20 The nmenory for one such
syst em i s[%%9) as KigpERAis2 Dlopledizaram AT apivetsyord4a thet inplydestagprchnisn fs sane di e
as the progessor and other system conponents. Additionally, other |ogic

bl ocks sulHUSHEE thenoltagsanddisaiicary Bracesrdaeapih the reesamtimventéon. A al so be

| ocated on a system on a chip. By including one enbodi nent of the present

i nvent i onP9RESEM Ol gast acthisAueac VP to be adiusted defgthar ipy oydsir tamainievirenst | er can

adj ust the processor frequency and voltage to 25 mnim ze power

di ssi pat i eRfretipp I8¢ goltege camgtelspa e vithnt lavering #8]cldek daquendy. i Speed bl ock

di agram of a processor 102 that includes a nechanismfor adjusting the

vol tage aprib Pirerg gemieyult i theoobaed devebis widueed: withopt stange in fiequentyoriTheThe
processor voltage and frequency have to be adjusted together in order to
mai nt ai n @edplequenyyeanbe adjusteifairly gistantpeeamlyn dthe beltdgevmrtiedotidrthhedjt | ower i ng
the cl ock frequency. Speed 5 path errors can result if the voltage level is
reduced wdsholawea reshamrsg &imiero fir &ifpsemay.. Theheechethian kedds egueannythean be adj ust ed
fairly instantaneously. The voltage, on the other hand, has a sl ower
response fréquendymndivolaheusieiseioting arheeljusendna i Goura eedperfoemimBidoe t he
frequency and voltage |l evels during an adjustnent to ensure that

per f or manigatted.not i npacted. 10 [0026] In this enbodi ment, processor 102
conprises an on di e/ package sensor 106 and controller 108. Sensor 106 of

this erbodopgnt MMistedibddintdat, pivBdsadr 108 cEHpRMN HEHiBYackEQRSHIEHlod ndt he
processor 102. Controller 108 can conpute the power being dissipated

controller 108. Sensor 106 of this embodiment monitors the amount of current being
consumed in the processor 102. Controller 108 can compute the power being dissipated
by the processor 102 based on this current consumption. The processor can also have
more than one on-die or on package sensor. For alternate embodiments, sensor 106 can

15  monitor temperature and/or processing load. Furthermore, sensor 106 can be located off
the processor module itself. Output from sensor 106 is propagated through a filter 208 to
controller 108. Filter 208 is a low pass filter that ensures that the controller 108 does not
react at any small glitch that may come from the sensor 106. The filter 208 ensures that
the sensor 106 reliably indicates a change in condition at the sensor 106 before activating

20  the controller 108 to take action. Filter 208 of this embodiment has programmable
thresholds and can be adjusted for different settings.
[0027]  Controller 108 of this embodiment can receive input from a number of sources.
An external hardware pin 201 provides a pin signal 202. This external pin allows a user or
system to bypass software control and to send a control signal directly to the

25  frequency/voltage adjustment controller 108. The pin signal 202 may be a hardware or



by the processor 102 based on this current consunption. The processor can
al so have nore than one on-die or on package sensor. For alternate

enbodi nenve,03@etsa@r 106 can 15 nonitor tenperature and/ or pomacsessieg | oad.
Furthernore, sensor 106 can be |ocatet off the processor nodule itself.
Qut put. from sensor 106 is propagated through a filter 208 to «controller
108. Filt 08.1.s a, lQw pass filter that ensures that the controller 108
does not §<§fg§%r mé?rr%ﬁyﬂ?r’r’g] ?‘grﬁj Mzc‘ﬁ coyplad thioushafikier 24 in qoRoliss A8%r  106. The
filter 20§ﬂf”§ﬁ{es t hat Bhe sensor 106 reliably indicates a change in
condi ti on® At Fhe!S S0 Bess fisy that eevees4bat ihegontrpller J§ dopenciaerctasianer 108 t o
take action. Fi.lter 208 of this enmbodi nent has progranmabl e threshol ds and
can be adj&Y ghfcR ﬁ?‘t /et somtedinm S pin sigel 2020 v filt eaguresithat 08 sesot hi s
enbodi nmen an recejive input froma nunber of sources. An externa

har dwar e E?émgé@y Bidisptes a shagee inpordigprapn the pin simak208 beforevtivasing tled | ows a user
or systemto bypass software control and to send a control signal directly
to the’ 25CPMtodeichISy (ke aclige BidtpiAdrasithis erabrdirdnt bas pt@Bamimhigde fireshsldgnal 202
may be a hardware or WO 03/027820 PCT/ US02/31160 10 software interrupt.
The pin sPighwn boediuted fopdiffersdt sefingsighhescohirpliee 1090 receico nofivedrt @rputk08.

Filter 204 is a low pass filter that ensures that the controller 108 does
not react2Ht: Sysipm menabémeyl sotfirtard daatprovede soiwerefinpom 21 beo glientisiogaation202. The
filter 204 ensures that the sensor 106 reliably indicates a change in
condi t i onofghe edngrofeml08i Fixadys@Oab edflicaneh mdividualt frovgsson B0 25wEBit: ftaktRr 108 to
take action. Filter 204 of this enbodi nent has progranmabl e thresholds and
can be adjostivedovfroanddediketepdwes diskipatgpn. The controll er 108 al so receives
software inputs 210. System managenent software can provi de software

i nput $0 21/0028) al The cdnrellwpes af thdRmbodinichtope@s fitlehdtert@f udR o3t €M can
tell each individual processor 102 whether it needs to slow down and

reduce i tisutpaveso @it aimaads frdf HOY28h sdiRart aibuehlal Bhirdi 0&iQLr. itk S
enbodi ment operates i ndependently of user control,
software can disable the automatic voltage/frequency adjustment through a bit in the
control register. Similarly, the software can override the sensor inputs. The software can
also push the processor 102 to a lower power state by lowering the voltage/frequency
15 operating point. In order to maintain high performance, it is desirable to keep the
processor frequency as high as possible. This adjustment is performed through the
manipulation of bits in this control register. Some prior art schemes cause the clock to
stop when a trigger temperature is detected and exceeded. Even thought the system
continues to operate, the processor shuts down into a sleep state. Methods of the present
20  invention keeps the clock running at a lower frequency.
[0029] For this embodiment of the present invention, the software control is not
allowed to raise the operating point of the processor as a safety measure. The raising of
the processor operating point can cause the processor to exceed the thermal constraints or

damage the processor. However, an alternate embodiment of the present invention can

25  allow for software control to raise the operating point if the user is testing other thermal



but can al so receive conmands fromthe system software through a contro
register. The software can disable the automatic voltage/frequency

adj ust nemvotdpotsgih a bit in the control register. Siml amrcg/usobelisoft ware
can override the sensor inputs. The software can al so push the processor
102 to a | ower power state by lowering the voltage/frequency 15 operating
point. In order to maintain high performance, it is desirable to keep the
pr ocessor PPIESERLRESIaHEmKprghths §V5ia s9fhvage hasreayratriinfpsmatian aboyt thedie or ned
through the manipulation of bits in this control register. Some prior art
schenes cKEPeaURSUEh arikrough the sysierpepagsment theyapl menfoeing fumeidon. s det ect ed and
exceeded. Even thought the system continues to operate, the processor
shuts dowl0BHt o Alsscerpined mtén pigsessoid2are & free qorap 2dhendDoitpuivemitdiron keeps
the clock running at a | ower frequency. [0029] For this enbodi ment of the
present iplfeAls. d%l,se ey 2d ot thisramnbodimeandls ajngenoy locztbd owkbe ptagessari 198 t he
operating point of the processor as a safety neasure. The raising of the
pr ocessor anggentains infornptiomas to aperatingsintheaspt avdiffeont frequary esdivdliage t her mal
constraints or damage the processor. However, an alternate enbodi nent of

t he pr esepuints.nCenitallen 08 doad2 Briaddtpduring stagiop snwarses tho intfarolatidotoradjustethd he
operating point if the user is testing other thermal WO 03/027820

PCT/ US02/ 3odes6br opdratpreqioac based omtchaesetpewer situdtiohh Fhs yateitesioB bfaiie has
accurate information about the die tenperature such as through the system
manage me némitdaanens keadddmi dray 204g)of fubsstthad Binary[c06:30 theAhBOmeQRb@HeRad: 3 t hi n
processor 102 are a fuse array 214 and output registers 216, 218. Fuse
array 214wsteup RalgesgBirael folleRing paradh R BicYopbRERL Rk 8] tHehPeftipeessor 102 5 and
contains information as to operating points based on different frequency

and voy t ag@ueR§] MdSroltsRIdqtdc® hdihQichiQags. T Wwitaal Beqtitcl AdjushRht UP and uses

the information to adjust the processor operating point based on the

S BRSB ng R LR, OB O e SR T 0 21
through. During normal operation, controller 108 reads in a sensor value and determines
how much power the processor 102 is consuming. The controller 108 compares this
power consumption value with the stored operating points loaded from the fuse array 214

15 to determine what processor frequency and voltage points will allow for optimal
performance while remaining within the allowable or tolerable power and thermal
envelope.

[0031] Controller 108 outputs the chosen operating frequency and voltage out to
output registers 216, 218 as 8 control bits in this embodiment. Alternative embodiments

20  can have a different number of control bits as needed. A greater number of bits can allow
for finer granularity in frequency and voltage adjustments. Thus different ratios are
possible. For example, some bit settings can cause the frequency to vary from 5% to 10%
to 15%. The upper 4 output bits are driven to a voltage identification (VID) register 216.

The value in the VID register 216 is used to adjust the voltage provided from the voltage

25  regulator module (VRM) 220. The VRM supplies power to the processor 102. Depending



wakeup values for the follow ng parameters: the operating voltage, the
operating 10 frequency, and voltage/frequency adjustnent steps. The

vol t age/ fwegue@pmgo adj ust nent  steps are pairs of working \omegesficequency
points that the controller is designe to step through. During nornmal
operation, controller 108 reads in a sensor value and determ nes how nuch
power the ({/ﬁisor 102 is consum ng. The controller 108 conpares this
power con tﬁ?f) Malye thieV M g0 dnraease %rr‘?areﬁ)sﬁéh‘eéflpﬂﬁ vpliaeat dhe @&'B’é‘ﬂj fromthe
fuse array 214 15 to determ ne what processor frequency and voltage points
Wil al | oW Pt diiyan to adierenngy prudro Ens@rfﬂesnéfhﬁ.vglgemt tffaaueA®y al | owabl e or
tol erabl e power and thermal envel ope. [0031] Controller 108 outputs the
chosen op@BiEEr #if if peeq depiyst hedradunen gbthe glocl Bgnabeenstated feqyn deepliagp16, 218 as
8 control bits in this enbodi ment. Alternative enbodi ments 20 can have a
di f f er ent contiptirsroseitlateigiMGQ)in Hietsain ghase koglkad. logk GEERe22n Mebendingfonbi t s can
allow for finer granularity in frequency and vol tage adjustnents. Thus

di f f er®entthe salhoin the equpenygedister 218othe kb MQZZ%@WCN&SC giatetieprgshecan cause
the frequency to vary from5%to 10% to 15% The upper 4 output bits are
driven t ocleckfidquenge Thkeeutpift iregattér@i 6,(24B DY thiscegibotlisrenpit @lso sdfwary aisibée i N t he
VID register 216 is used to adjust the voltage provided fromthe voltage 25
r egul at orandwelfildces tifeviRMpg2ad.frefhencyRiMusip pdal @se. pBotk voltage taheé frpquecessor 102.
Dependi ng WO 03/027820 PCT/ US02/31160 12 on the VID value, the VRM can

i ncr ease aljusttdovhilage frévesssup gontimbes agenal dfeeatioowdhusho eubputncbdiossisar e
driven to a frequency control register 218. The value in the frequency

regi ster iddrdads used to adjust the frequency of the clock signal generated
fromthe voltage controlled oscillator (VCO in the main phase | ocked | oop
(PLL)100r [882] DeperibchGetdtatdr diftit2ad tfthis@xdnkite fslcesHbRTYIE@EI B er 218, the
PLL/ VCO 222 can increase or decrease the clock frequency. The out put

regi ster 2dfencdbd tfflyt. hitts @RIYY) SMREMnBhadd 86%s Of WIS relbckl t%eepenalty.

Clock frequency is adjusted without waiting for the PLL to relock. This is essential for a
server which cannot be unavailable for any amount of time. Unlike the frequency
adjustment methods of existing schemes, this method of the present invention does not

15  change the bus ratio. A bus ratio change would cause a significant performance loss to a
processor in a server environment. The bus ratio of the present method remains the same
while the PLL frequency is slowly adjusted up or down.
[0033]  Input from the external pin 201 and software inputs 210 can override the
controller. Pin signal 202 can force the controller 108 to output certain frequency and

20  voltage settings to the registers 216, 218. Similarly, software inputs 210 can cause the
controller 108 to choose a different operating point than that determined based on the
sensor value. For the present embodiment, pin signal 202 and software inputs 210 are
allowed to shift the frequency and voltage settings to values less than that indicated in the
stored operating points of the fuse array. The hardware input 202 and software inputs 210

25  ofthis embodiment are limited from forcing the controller to adjust the frequency and



and reflects the voltage and frequency values in real tine. Both voltage
and frequency are adjusted while the processor 102 continues nor mal

oper ati onwolwg7se® performance loss is incurred. 10 [ 0032cTiUse2/6116€kK
generator circuit 222 of this exanpleld s capable of altering the frequency
on the fly. Thus the PLL adjustnment here does not result in relock tine
penal ty. ock freguency.i s adjust w thout waiting for the PLL to

rel ock. Tﬁfqéa%e o %@%&?{tolp 8‘I>étl?%]i’°1%| as§é?(‘af€t¥ MRS HORLH IS IR OGN &4 abl e for any
amount of t%nq? Unli ke the fregugngy ag%gstnent met hods of existing
schemes, 1S TROPRIsY 28¢ Volfage fag 2Hawed Ay eavss bR PERSESOILR 19 sxcepthg el he bus
rati o. A bus raéio chan woul d_ cause, a . significant performance loss to a
processor PPYer£nd diegag e@ﬁ%??%ﬂ‘??é‘ﬂ?@’. respﬁtglg%grrqrépq m¥eet he present net hod
remains the same_ while the PLL frequency is slowy adjusted up or down.

[ 0033] | nEQﬂ""‘]‘ r ofiPE 1 cgahodineat: thy Genipglipr psEfeswaRdow Agaiescydeckdb® overri de
the caontroller. Pin signal 202 can force the controller 108 to out put
certain fiefirerrdpnte{dhe mpnpsrcessgeciadt (The gentioderrpads thagiosteesans@ value 218.
Simlarly, software inputs 210 can cause the controller 108 to choose a

di f f er ent 2efhide saftwage pasitiet registen duningtnorieal eperitinsd Thasedoronluehed regisesor  val ue.
For the present enbodi nent, pin signal 202 and software inputs 210 are

al | owed t @om¢rits are etpduatedewithethe fusa tedley b drdegydo s@tpuitagsewt wliagd/fregich®ss t han
that indicated in the stored operating points of the fuse array. The

har dwar e iopgseting20iht &mvdhesdtessr e Thawput wlt2ddir@fiemfy stitihgs aevihod loatdtintar e
limted fromforcing the controller to adjust the frequency and WO

03/ 027820 tHeCuipuSe kel hatke cffkcy Al agerdler 1S hif ghesmidandit tantbepahed ofds a
safety measure. Qperating the processor at a higher frequency and vol t age

than abl oueechghaie watislaegifter. Preuea S ovkBeritt thegRetbelshe veak@mapower and
thermal envel ope, possibly resulting in errors or ganage. [ 0034] For this
enbodi nenkeftviaiecodg@dl.rol | er 108 operates on a | ow frequency cl ock that

[0035]  Figure 3 is a flow chart representing one embodiment of a method in
accordance with the present invention for adjusting the voltage and frequency to minimize
power dissipation in a multiprocessor system. This example generally describes the

15 operation of a frequency/voltage adjustment mechanism of one embodiment. At step 302,
the controller loads the frequency and voltage data from memory at startup. The data
comprises valid frequency/voltage pairs for different operating points. Thus the
mechanism can lookup what the frequency and voltage control bits should be set at based
on the present given power consumption levels. For this embodiment, this

20  frequency/voltage information is stored in a fuse array on the processor. The data can also
be stored external to the processor or in another memory.
[0036]  After the controller is configured, the mechanism enters into normal operation.
At step 304, the sensors are queried. The number and type of sensors used depends on the
particular embodiment. For example, the sensor may sense current, power, temperature,

25  or processing load. Similarly, more than one type of sensor can be used on a processor.



5 is independent of the main processor clock. The controller reads the

power sensor value and the software control register during nornal

oper at i onwolib@2msensor val ue and regi ster contents are evacraiseg3vio h t he

fuse tables in order to conpute a newd4vol t age/ frequency operating point

for the processor. The new vol tage/frequency settings are then | oaded into

t he out putrhrg i 108 of this enbodi nent
C

ster. to take effect. The controller
can be turneé ngW?reiWLg%?r%ﬂ'éaﬁlef‘ﬁtegteé?gﬂg'r?)ﬁle}?aé al¢ Mput cpR e g @xteraaln overwrite
t he outpui1 re isteﬁ vi a external i@;tvl\%;e control. [0035] Figure 3 is a
f1 ow char arf’gg?ee"é‘é PR BEMe mh S8R Al £OTHYarS InREts Rtscuptied. Jbig sofsiee with the
present inventi.on for adjusting the valtage and frequency to mnim ze
pover di s&PHEOL SR ?Iﬂb%élrﬁinttareapg%rg signalgiyam sygteny piagagssnisp Bweye nethal | y
describes the, 15 operation of a frequency/voltage adjustnent nmechani sm of
one enbodPPEMNE SE§teBt ep 302, the controller |oads the frequency and
vol tage data from nenory at startup. The data conprises valid
fr equency 0987t agdhpasnser vables andilrednars andseftware inpupscratveluat atsteptdd 0. mechani sm
can Iooku[% what the frequency and voltage control bits should be set at
based onThheeghapisarctegnienhqomeeh rooves theprdcessor ievelssmingoBasddion terbodi nent ,
this 20 frequency/voltage information is stored in a fuse array on the
pr ocessor ProTersorRvgr eensumptia is, ithe contorllsdcamfindranabpropridthepepatiog psiaofor or i n
anot her nenory. [0036] After the controller is configured, the nechanism
ent ers i nthe prevessat. Ajpsepaili2othe medanishealocidGayvhetiive tle@peotig @i ofither i ed. The
nunber and type of sensors used depends on the particular enbodi nent. For
exanpl e, piloeessarsbould baydjsses €'he nonteiier, ofplivwenbodigemesapatésthe pdve@r processi ng
load. Simlarly, nore than one type of sensor can be used on a processor.
WO 03/1027 820uiRfiTlonia0/vathl:5@ble davahive shaddnaedohnpdtemahewragid ed at step

306. The hardware input can be an external hardware pin fromthe system
At step 388ques®fdndabRadeipbiils beseatt BEhe 8equediCand AbLMBBlues are the same
or approximate to the present values or otherwise within acceptable limits, the processor
operating point should not be adjusted. The mechanism continues to monitor the
processor and queries the sensor and inputs. If the frequency and voltage values are
15  different from the present values, the processor operating point should be adjusted.
[0038] The mechanism outputs the new frequency and voltage settings at step 314.
These settings have been picked based on the desired operating point. For one
embodiment, the settings are chosen to provide optimal processor efficiency while
minimizing processor power dissipation. At step 316, the new frequency and voltage
20  settings take effect at the clock generator and the power supply, respectively. The
mechanism continues to monitor the processor and evaluates the sensors and inputs for
further changes.
[0039] The example of Figure 3 has been described in the context of a single

processor. In a multiprocessor system, the method can be performed concurrently in each

25  processor. For example, each processor can be adjusting its own frequency and voltage



i nputs of one enbodi nent are software signals from system nmanagenent
software or the operating system 5 [0037] The sensor val ues and hardware
and sof t wvaoasjorsaé s are evaluated at step 310. The nmechamcIrosdesake nes
how nmuch power the processor is consurfing. Based on the processor power
consunption is, the controller can find an appropri ate operating point for

the processor. . ste 2, the nechani sm deci des whet her the operating

poi nt of f%éngsb]%ggkdggtro%ﬁd’ CHPIPECSEYT Bt &y stem, dlovswery e ogeralbsysian s

enbodi nent con$ar eg t he (T%o r 10 con;jglrrpti on value with a table of val ues
stored i nSHEHET (Pay Bavgdberapptiiy jihepntrphadl ofthespsorentoy eithsnthyiieh aharddieul d be set
at. If the frequency and voltage values are the sane or approximate to the
present vBPQESOEYarEinREE RS fopheitier0850489% 1 inits, the processor
operating point should not be adjusted. The mechani sm continues to nonitor
the procet949] andp thsdprraning secileabian theinrentiap hasdeen deserihsd fyithgeferroge and
voltage values are 15 different fromthe present val ues, the processor
oper at 1 nglopBrsific xowlaly prbedinenst Gereof. [IOWQBFOWWGB heevidant that vuioput s t he new
frequency and voltage settings at step 314. These settings have been

pi cked bagedifisatiansandiehgnges thap pe mats tgrepbivithout geparting &omehb brdadee mpirit t he
settings are chosen to provide optiml processor efficiency while

m ni m zi ngpdpcorsesfsiy inpaien agies®ith ait the appeadedstlams. 3T, spedificatiematdd equency and
vol tage 20 settings take effect at the clock generator and the power

suppl y, rémspésareehopordiigly, torteabgandediin eitlubtraties rater thom b tatrictinesepsocessor and
eval uates the sensors and inputs for further changes. [0039] The exanple
of Figure 3 has been described in the context of a single processor. In a
mul ti processor system the nethod can be perfornmed concurrently in each 25
processor. For exanple, each processor can be adjusting its own frequency
and vol tage WO 03/ 027820 PCT/ US02/31160 15



settings i ndependent of the other processors in the system However, the
overall system software nmay have the capability to control all of the
pr ocessorwei whers2e hr ough a hardware pin or software i nputpETsIsOl3ES0t hose
of step 306 and 308. [0040] In the foteegoi ng specification, the invention
has been described with reference 5 to specific exenplary enbodi nents
thereof. It will, however, be evident t various nodifications and
changes may be made t her eof V\Athoug—ia‘@&p\-ggti ng fromthe broader spirit and
scope of ae | nventdi.qn as set forth in the appended clains. The
speci fi cati'8n®§REcdd¥ani ngs are, accordingly, to be regarded in an
iIlust rative &gt her than.a restrictive sense. WO 03/027820 PCT/ US02/ 31160
16 CLAI M5 \hat Melod COmpriing's: 1. A nethod conprising: determning a power
consunption value; 5 evaluating said power consunption value to obtain a
new oper at i ng GHTRINNE mafqnﬁgng%ndaﬁ@w operating point with a present
operatjng point; and adjusting a frequency setting and a voltage setting
to cortespond ¥AUHIESAIFSRVEROPSHTRIPN Yaluato Ghfaianey ARSALIIBPPHE ng poi nt i s
different fromsaid present operating point. 10 10 2. The nmethod of claim
1 further conmpEMPpiRg eieMRperHpgPRiRcYithnpresral aatmengpeiat fet a plurality of
operating points fromnenory, wherein each frequency and data pair
correspond t o agdjustingg feeqypeayattiing agba viltaggsettingéo eastehgsid ¢ said siwm 1 wher ei n
determ ning a power consunption value further conprises querying a sensor.
operating point if said new operating point is different from said present operating

point.

10

10 2. The method of claim 1 further comprising loading frequency and voltage data for a
plurality of operating points from memory, wherein each frequency and data pair
correspond to a single operating point.
3. The method of claim 1 wherein determining a power consumption value further
comprises querying a sensor.

15

15 4. The method of claim 3 wherein said sensor is to obtain a power consumption value

indicating how much power is being consumed.

5. The method of claim 3 wherein said sensor is to obtain a current value indicating

how much current is being consumed.

6. The method of claim 5 wherein said current value is used to calculate a power

20  consumption value.



15 15 4. The nethod of claim3 wherein said sensor is to obtain a power
consunption value indicating how nuch power is being consuned. 5. The
met hod of wolmiop1830 wherei n said sensor is to obtain a curr eqr/vsabBaeo

i ndi cating how nuch current is beingiconsuned. 6. The nethod of claim5
wherein said current value is used to calculate a power 20 consunption
val ue. WD 03/027820 PCT/US02/ 31160 17 7. The nethod of claim 1l wherein
said evaluating further conprises querying for system and user inputs,

said i nputs to.pverride.sai wer Gons tion value and to, affect

choosi ng 2)71‘5 sa#(iE rﬁ%%‘gﬁ%cﬁﬂ?]i 8&5‘6‘%%1. e‘éa.uggﬂ%?%f’wa‘pb‘ﬁescﬂlu%’%fmmher ein said
eval uating further conpri s.gs usi ng said power 5 consunption value to |ook
up a freqautReyanidises HBHS, o énRVE?ItPg&’é“ 1oy ex epnswaptipnyalye aphigrefesing poi nt
in said frequency and voltage data. 9. The nethod of claim8 wherein said
adj usting® ‘33,3{1158 saibAPY PREFMEPPPHL ti ng said  frequency setting and said

vol tage setting to a control register, said frequency setting to adjust
signal output of a clock generator and said voltage setting to adjust

vol tage output 10 of a power supply. 10. The nethod of claim9 wherein

sai d eval dat i nghermethedef cdaimey Whesein gaid evafratingfyrthourempeises Sising saidpesyer
consunption value is wthin an allowabl e range. 11. The nmethod of claim 10
wher ei A s&prsumBliprofsdiede laely up eifrequensy edtinsend nokree settingy@wsaiposver consunpt i on
value within said allowable range. 15 15 12. The nethod of claim 3 wherein
sai d sens@pergingipowit i saishipeuencyread selthgogada.at i ng

9. The method of claim 8 wherein said adjusting further comprises outputting said
frequency setting and said voltage setting to a control register, said frequency setting to
adjust signal output of a clock generator and said voltage setting to adjust voltage output

10 of a power supply.

10.  The method of claim 9 wherein said evaluating further comprises determining

whether said power consumption value is within an allowable range.

11.  The method of claim 10 wherein said new operating point is chosen to have a new
power consumption value within said allowable range.

15

15 12, The method of claim 3 wherein said sensor monitors temperature and operating

load.

13. A processor comprising:

a controller to adjust processor voltage and processor frequency;



| oad. 13. A processor conprising: a controller to adjust processor voltage
and processor frequency; WO 03/027820 PCT/ US02/ 31160 18 a sensor coupl ed
to said cwotmebises, said sensor to neasure power consunpt irom/us2/38a d
processor and to provide power consungtion values; a nenory coupled to said
controller, said nenory to store a plurality of frequency and voltage

settings corresponding .to particular gperatin oints; and 5 a cantrol

regi ster coupl %genf% ngl?la‘?@(fﬁ‘tdrc@ﬂfoél?? S@‘gﬁws?féﬁgﬁegﬁ“rer%‘{eéP‘é’lsm{ll?floi“é’éei ve a
frequency setting and voltage setting fromsaid controller. 14. The
processor ofsa’éllpé‘?cﬁ?sf’éa‘%ﬁ@ﬁ’@v PAVE BTN VelYesster is to drive said
frequency setting to a clock, generator, said frequency setting to adjust a
cl ock signal o%upﬁ’g‘f)ryoqouglﬁii@Sa@ICBEtROIBéﬁ%‘FIQIeB}OFYtfcﬁtore_L@Pll‘EﬂhtYNféreﬁ'#@ébssor of
claim 14 further wherein said control register is to drive said voltage
setting to &'HyNse seiipgsyorsbpndieg to pakignlar operstiag seints; adi d vol t age setting
to adjust a voltage output of said power supply. 16. The processor of
clai m 35 furt hesongBhyseister prypled rasaifwonaoliarsaidegpireldegigierdarageiveant r ol | er |
said pin to provide a hardware interrupt signal to alter operation of said
15 contr ol | dfequerpy setties Frdgcwediagsrseiting Gpaisaidrenttallet.her conpri si ng sof t ware
registers to receive software inputs to said controller, said software
inputs to provide for software control of said controller and to alter
operation of said controller. 18. The processor of claim 17 wherein said
menory i slé fuBedregessy oftlaini Bgvlerdimbsidcmitrol register is to drive said frequency

setting to a clock generator, said frequency setting to adjust a clock signal output of said
clock generator.

10

10 15.  The processor of claim 14 further wherein said control register is to drive said
voltage setting to a power supply coupled to said processor, said voltage setting to adjust a

voltage output of said power supply.

16.  The processor of claim 15 further comprising a hardware pin coupled to said
controller, said pin to provide a hardware interrupt signal to alter operation of said

15 controller.

17.  The processor of claim 16 further comprising software registers to receive software
inputs to said controller, said software inputs to provide for software control of said

controller and to alter operation of said controller.

18.  The processor of claim 17 wherein said memory is a fused array storing a table of

20  data comprising of settings for frequency and voltage pairs corresponding to said



20 data conprising of settings for frequency and voltage pairs
corresponding to said WO 03/027820 PCT/ US02/ 31160 19 particular operating
poi nts. 1Wo0 oBhersps ocessor of claim 18 wherein said controlpicarusomsnee ses
logic to evaluate said power consunpty on values and to select a new
operating point and to determ ne whether to change present operating point
of said processor tq sai.d new operating point. 5 5 20. The processor of
cl ai m 19 RMEFEPPELIEE PYEiSent operating point conprises a first frequency
setting and a first voltage setting, and said new operating point conprises
a second frequency setting and a second voltage setting. 21. The processor
of claim20 wherein said controller conprises logic to output said 10
second fréQuentle Haessangl elpim Sarheraie saherniiollersgmpsiess dqgirgoeraleads i ont r ol
register. 22. The processor of claim2l1 further conprising: a second sensor
coupl ed t BowsHicanygtptipn Valags and i) sgleglercisMiP RS EAtiE S pointangiadairaineuvhicther to
consunption of said processor; 15 a third sensor coupled to said
cont r ol | eghangaprgsanhppedatingmeiot ofisaidpeepsispitotseidpewapenedng pointsai d pr ocessor;
and a fourth sensor coupled to said controller, said fourth sensor to
measur& processing |oad of said processor. 20 23. A system conprising: a
first menory coupled to a bus; a processor coupled to said bus, said
pr ocesSor 26.ur t Her procsyr oSelaign 19avieozit sad present opeaading poinpronrpeisesar fisol t age and
processor frequency; WO 03/027820 PCT/ US02/ 31160

frequency setting and a first voltage setting, and said new operating point comprises a

second frequency setting and a second voltage setting.

21.  The processor of claim 20 wherein said controller comprises logic to output said

10 second frequency setting and said second voltage setting to said control register.

22.  The processor of claim 21 further comprising:
a second sensor coupled to said controller, said second sensor to measure current
consumption of said processor;
15 a third sensor coupled to said controller, said third sensor to measure temperature
of said processor; and
a fourth sensor coupled to said controller, said fourth sensor to measure processing

load of said processor.

20  23. A system comprising:
a first memory coupled to a bus;
a processor coupled to said bus, said processor further comprising:

a controller to adjust processor voltage and processor frequency;



20 a sensor coupled to said controller, said sensor to neasure power
consunption of said processor and to provi de power consunption val ues; a
second nmeworog/oesapl ed to said controller; and a control regraisee/3neapl ed to
said controller, said control register to receive 5 a frequency setting
and a voltage setting fromsaid controller; a power supply coupled to said
processor, said power supply to recei Vﬁ sai, voltage setting from said
control register, saaﬁeﬂsoﬁgﬂgl)%’yedstﬁﬁ%‘fqut@ HoFASTEY L DAVEFEVE Ut put i n
response to said voltage setting. 24. The system of claim 23 wherein said
processor furt he@%ﬁﬁﬁ?&@&‘& PEJeGESRT Ayt BioxIdg PRYer cuiug PP ¥R UeSener at or to
receive said frequency setting fromsaid control register, said clock
generator to adj ust? PYAINERAY eQupieslto st prirollst; 3¥sponse to said frequency
setting. 25. The system of claim 24 wherein said processor further

conpri ses a har dwar&cosipl regigeisonpied tp said canieelie: seif icerptrol Eegister 7 1Si¥e provi de a
hardware interrupt signal to alter operation of said controller. 15 15
26. The system ofe feenugngy settingtaa @ivaltaggiseftipg Gemsaidcottiplletier conpri ses
software registers to receive software inputs to said controller, said
sof t war e i nput 3PewersHRIY ehwipled fto spést praeassor, seigrpowelt suphly saiedeivosaid ol | er and to
alter operation of said controller. 27. The system of claim 26 wherein said
control | er cvolpgs ssing ffroyi seidtcontes] a¢gisieresairhpaiver puppkyrto edjns itspoltagn ovpbiues and
to select a new operating point and to determ ne whether to 20 change
present operiatéspenspin satd oltageaeingr ocessor to said new operating point. WO
03/ 027820 PCT/ US02/ 31160 21 28. The system of claim 27 wherein said
present operating point conprises a first

24.  The system of claim 23 wherein said processor further comprises a clock
10 generator, said clock generator to receive said frequency setting from said control register,

said clock generator to adjust its clock signal output in response to said frequency setting.

25.  The system of claim 24 wherein said processor further comprises a hardware pin
coupled to said controller, said pin to provide a hardware interrupt signal to alter operation
of said controller.

15

15 26.  The system of claim 25 wherein said processor further comprises software registers
to receive software inputs to said controller, said software inputs to provide for software

control of said controller and to alter operation of said controller.

27.  The system of claim 26 wherein said controller comprises logic to evaluate said
power consumption values and to select a new operating point and to determine whether to

20  change present operating point of said processor to said new operating point.



frequency setting and a first voltage setting, and said new operating point
conprises a second frequency setting and a second vol tage setting. 5 29.
The syst ewoal3/oetsad m 28 further conprising said first nmenorPCTRISOZ/BH A
plurality of frequency and voltage s®ttings corresponding to particul ar
operating points. 30. The system of claim 28 wherein said second nenory

stores a ura&it of _frequen and, vol tage settings corresponding to
parti cul a%'op e l?ft %’ﬂf}mﬁg F(EHD% _E’?w%grem said present Operating point comprises a %rst
frequency setting and a first voltage setting, and said new operating point comprises a

second frequency setting and a second voltage setting.

5 29.  The system of claim 28 further comprising said first memory stores a plurality of

frequency and voltage settings corresponding to particular operating points.

30.  The system of claim 28 wherein said second memory stores a plurality of

frequency and voltage settings corresponding to particular operating points.



