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ADJUSTI NG %3 AGE AND FREQUENCY TO M NI M ZE POVER DI SSI PATI@ 0B/ 2006
MULTI PROCES BM 5 FIELD OF THE | NVENTI ON [ 0001] The pPEERRIZ/FAelent i on
relates generally to the field of m crobrocessors and conputer systens.
More particularly, the present invention relates to a nethod and apparatus
for adjusting the voltagge. s LN, Z € ﬁé di ssipation in a
mul ti processor system 3 ~9902] In recent
years, the price of per géﬁecl ined. As a
result, nore and nore ' nt age of newer

and faster nachine
i n our society. ases, so does

t he power consunpti on. r consunption can also | ead
to thermal -issues as the heat has to be dissipated fromthe conputer
system And unlike desktop conputers that are powered by- an alternating
current CACKIELDQE THEINVENKIQN huters usual |y run off a linited battery
supply. If a nobile conputer is operating-at the same perfornmance | evel as
a desktop M8 ne, The peesens invention relptgs ernarati tosthe el of misrerpsessomanfi0003] | n
order to extend battery life of nobile conputers w thout w dening the .
per f or manc e gAPuiH YHcre Mprsppadisulatiarthepressndncention relthsdea nivthopenkr
consunpti on of desktop machi nes, conmputer manufacturers and desi gners have
instituted penemiussavadusting the oltigo gyd r@uencattt sigimiz: poweddissipatiomiara
consunption entails the use of | ow power :

' multiprocessor system. '

10 BACKGROUND OF THE INVENTION

[0002]  Inrecent years, the price of personal compuiers (PCs) have rapidly declined.
‘As a result, more and more consumers have been able to take advantage of newer and
. faster machinés. Computer systems have become increasingl)_( pervasive in our society.
.- But aé,the speed of the new processors incréases, so does the power consumption.
1'5 Furthermore, high power consﬁmption can also lead to ﬂ)érxnal-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 af the samerperfdnnéncé level as a desktop
~ machine, t_he power is drained relatively quickly.

20 - [0003] In order tﬁ extend battery life of mobile computers without widening the
performance gap with desktop counterparts and to reduce the power consumption of
desktop machihes, computer manufacturers and ﬁesigners have instituted power saving

' .' technology. One attempt to reduce power consumption entails the use of low power
circuit devices. Another power ﬁaving method is to use software in controlling system

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



circuit devices. Another power saving nethod is to use software in- :
control ling._system. 25 power and shutting down system devices fat03/20fA
needed. Sev& e E1 age/ frequency 17/03/200.6 WO 03/ 027820 PPTTSUSD261B1160
adj ust nent scheres including Intel (r) SpeedStep(tmtechnol ogy have been _
devel oped to naxim ze battery life for nobile processors. [0004] But even
as desi-gner adightht ) g4,0f the overall system the
D D e BB B P v b

power . requi rements o essor ave

Furt her nor e qexlistdaRG $; re usual |y targeted at nobile products.
Present net hods It hgt&f'%‘%@g@?\){jﬁ%@gﬁeﬁo&ocessor operating frequency

reducti ons ag0 b LUust i the bus ratios. Such nethods are not
feasible i nﬂjam@er vg?&g%%%fudf%}gﬁeéﬁglﬁg’g' 1gquce fhig peweepdsoh the qyevafl sysiamdles i mpact .
New scherrefo‘%ﬁvee to b c%?vel_o%ed i}o target power reduction at the
processor a SRR OLEOy BRveiishEsated sieadRFERhDESERERTNGN OF THE
DRAW NG% [003?5% The ﬁr sent invention is illustrated by way of exanple and
not | i mit at ‘CBHEeSaFP ustally targefed atmeliletprrdusie. cirssatyethods dhatihplgmentideepahi ch | i ke
references indicate sim_|ar elenments, and in which: 15 [00061 Figure 1 is

bl ock di agrERTeSPr operAtng fisausasy eductionsfusodyy adipstingrthd usmatibswiStith methais Sor s
that include a nmechanismfor adjusting the voltage and frequency to '
mnimze PR fapiblsimmsaress praduetdeorudaetibe sigificanherpreaes impaoy v on; _
[0007] Figure 2 is a block diagram of a processor that includes a nechanism
for adj ussehsges hrve fobe deyelopeido targefpeweyreductiaca diedamessorhi the BhRiopr esent
invention; and 20 [00081 Figure 3 is a flow chart representing one

enmbodi ment aed sezvensegmentsi N accordance with the present invention for

adj usting the voltage and frequency to mnimze power dissipation in a

mul ti pf®cessor system ' '

* BRIER DESCRIPTION OF THE DRAWINGS

[0605]  The presént invention is illustrated by way of examja_le and ﬁot limitations in
the figures of the accompanying drawings, in wﬁich like references indicate similar
‘elements, and in which: |
15 | [0006} - Figure 1 is block diagram of a mulﬁpfocessor computer system formed with
processors that irilclude.a mechanism for. adjusting the voltage and frequency to minimize
power dissipation in accordance with the present invention; _
| 10007) ngre 2 isa block di_agrarﬁ ofa ﬁrocessor that includes a meéhanism for
~adjusting the voltage and frequency in abcordan’ée with tﬁe present invention; and |
20 _[0008] Figure 3 is a flow char‘t. representing tme embodiment of a method in '
accordance with the present invention for _édjusting the voltage and frequéncy to minimize

power dissipation in a multiprocessor system.
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met hod. and apparatus for adjusting the voltage and frequency tolmi/@372806
power di ssiYPaO#Hi8I0n a nulti processor systemis disclosed. PURUSSBOE) nent s

descri bed  herein are described in the Tontext of a mcroprocessor, but are
not so limted. Although 5 the follow ng enbodi nents are described with

reference tWRPARIES RPTIGRF enmbodinents are applicable to other '
i ntegrated T D‘F‘t‘%&vﬁevi ces. The sanme techniques and teachi ngs of
t he presentpaguyent ) cgn_easi | e Lied tqg other types of _circuits or
seni cori_duct[gdr)(%evi%g{s% -Oﬁgil(?%pgﬁmﬁ’é?oéfaﬁﬁ’g?%ﬂ? (& and fFATESY IIEe | n t he
fol |l owi ng k-ption, . for nurposes of explanation, numerous specific 10
details ar g’%ivg{é“% aﬁﬂﬂ fan'BVIEETPQ‘?SfPrﬁ}'%W Eféi?sé?"ts%r%ﬁgﬁb%@émggﬁﬁmqﬁig of the
present inyention. %e of ordinary skill in the art, however, wll
appr eci at e TPt ar¢ Aiscrbed jp thecpriextof amicopipeessastbut sre seise dimjteflnAlinatigh t o
practice the {es,ent i nyention. In other instances, well known .electrical
struct ufes ﬁ?&‘g leying gmbedimgnjears describasthwitiorefarence t 4 mogsssotiother ar detail in
order- to not necessarily obscure the present invention. 15 [00111 Many
pr esent - dafMRPHmEHS scapplisable invthuintegrhigh cirduitant logiodewites. Bhe power  duri ng
normal  operations. This power consunption has also led to issues in power
di ssi pat i oftchipguss @ndisachings df thy presont invewtiogeareaily e appledoather typapet at e
wi thin set thermal envelopes. As the performance and power requirenents
i ncrease, €inuis erseeli@pductadedédseimt b ipmsfiefrbni povidRgavirgsl t or even exceeded.
A nunber- of different schenes have been 20 devel oped to address this issue
i n the nobj00eolar ehethe fdlowingidescipias fGPIEposRIE BRTanafdH) Rhmerbs ghakt ed to
desktop and server environnments due to system and perfornmance _
10 details are set forth in order to provide a thorough understanding of the present invention.

One of ordinary skill in the art, hoxyever, will apprec;iate that these specific details are not
necessary in order to practice the present invention. In other instances, well known
electrical structures and cifcuits have not been set forth in paﬁicular detail in ﬁrder to not
necessarily obscure the present invention. | .
15 ‘[{}01 1] - Many present day microprocessors consume significant amounts of power
Quring normal operations, This power coﬂSumptibn has also led to issues in power
dissipation.. Processors and systems are generally .desi gned to operate within set thermal
' | envelopes._ Asthe pérfbnnance and power requifement_s increase, this envelope can often
be pushed to the limit or even excéeded. A number of different schemes have been 7
_ 2O developed to address this issue in the mobile arena. However, these same schemes c_annbt
be applied to desktop and server environments due to system and performance
'requ'irements. | |
[0012]  For instance, severﬁl voltage/frequency adjustments schemes developed to
maximize batter [ife for mobile processors implement deep reductions in the processor

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



requi renents. [00121. For instance, several voltage/frequency adjustnments
schenes devel oped to maxinize batt er life for nobile processods 40pV et
deep reductWB83027%§2¢ he processor 25 operating frequency byrextusetiimg t he
bus ratio. Such deep frequency reducti ohs are not 17/.03/2006 WO 03/027820
PCTI USO2/ 31160 4 feasible in server products because | arge frequency - :
reducti.ons s s L antficant. perf ormance inpacts. A spaller frequency
A R SR BRSO RY Feed ok e ot ¢ he

reduction range nakes justin

smaller ra . provi de.. enough granularity. Furthernore, nobile
processor U%ﬁm\g%g&; ﬁngu%%t&néfnﬁg?@fﬂﬁgﬁ? r@%ﬂ&%@%wﬁwtﬂg the Bugretigger ed by
changi ng s . r supply.froma better to main power and vice versa.
Most  of- thé@gﬁggéﬁ% B‘é\%ﬁﬁ#‘%g&ﬁgﬁrggngaw? PEAVEde gheheh gonletir e control , while
ot hers al s% rg uire ugg?r control. (0013) On the other hand, a server

envi r onment: "EAARGES: Mobils procestor poltaghdieguemay adiusement sehpwes arpgereraller  al so

oper at ei off a gonstant mai n power supply. In a nultiprocessor 10

i npl ement af&sHred by changgiersystern PewsrEHPRIp fromes tetterdo crimypjoateehnd danteral the

vol tage and frequency of each processor in the system A new technique .
wher ei n ea®pst ofdbesr atinsmpnt sehesspalse aperath ander baftvaks controlephilelethérs akat r ol over
its own voltage and frequency operating point is needed to address these .
needs. TherodBirg ggesdnttejuency operating point in enbodi nents of the present
invention is determned by an on-chip controller and not by a software -
appl et 15 H813In sOmsheeothes hamiya pervdredsirontent eibadiciRm: dRfiead fPnid0! | er -
chooses the operating point in order to maxim ze the performance while not

exceedi ng inpie. Arvervenhlspaetesldffd donsthitiifiain b@er SME MhiatmakpBedserr €act faster
to a power surgeé in a server processor. 10014] Enbodi ment's of the present

i nvention iofplearenpaiosit iNGIMRGRTEINOASARAD cbihbleRE doftrol T IIRECLRTRYLeRG! VEr S-
Appli-cation of an enbodi nent of the present i'nvention can :
of each processor in the system. A new technique wherein each individual processor can
- 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 invgntion is determined by an on-chip controlier and'not by a software ap.plet
15 as in_.some existing methods. One embodiment of a controller chooses the operating point
in order to maximize the performanée while not exceeding the thermal power limit, ’.I‘hus'
-_fhe sy.stem 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. 'Appli.c:ation of an embodiment of the present invention can
2‘.0_ mirﬁmize the total power consump't_ion fér'an N-way multiprocesso;' server, while -
prpviding performahce on demand. This féature can be esse_ntialrfor increasing the_
~ processor density for rack-mounted servers. Each processor manages its own poWef '

dissipation, while the system software has a high-level control over how the power is

burned in an N-way multiprocessor system.



20 mnimze the total power consunption for an N-way nul tiprocessor server,
whil e provwdgg;,%tl;fornance on demand. This feature can be essdt/ &3/ 26106
increasing the processor density for rack-nmounted server s. PE{EH2FIEessor
manages its own power dissipation, whilTe the systemsoftware has a '
hi gh-1 evel control over how the power is. burned in an N way '

mul t i pr ocesk¥815]sy sOter enMId0RMB2ES 2Qo b (123429 0015] Qther.
enbodi ments can al so be used in single prgce%geo%rg)%gsofﬁ%%&g%é?%#ﬁ&A ,
f requency/ vibiuams/alligssti.oshy TRERANS B AE pllf ALERENLa AXENILOR can al | ow a
single . processor design to operate at a variety o afnrequer‘isgi 5. These
various fr anosdr 8&ighad opsé HESRR lebds per.f ormance. | evel s t hat
consunmers want. One proc%ssor di e gﬁﬁ‘g@eé&ggém%sgvgg%qsﬁegue&peip@ gi gahert z
(GHz), whi lcarragebd @rdift & bHERN fer can be set to operate at 1.5
Gz, and anot her at 1.4 é‘zﬂﬁ%&ﬁéﬁﬁpé{%mﬁgmﬁP”@E%@SPTQTE%SPQ € £8lPepe
fabri cased gghipioBGait BE &0 i\ng, process.. The processqor is then set to
operate at a ongtgaspecﬁ%?%ge?tgt%hggﬁ%@w&%dlﬁgp YEmeR T §ar be £t Bust oner
af ter manuf,ggLri he wval i d ti poi nts are programred into the
fuse array. gﬁaéﬁghg??@w%&sﬁ%d’%%ggi% 1?028 @%ereceaﬁorgﬁzwcamg the
per f.or manc ary for that particular conputer system [0016]
Referring ﬁdg\ﬁvg%[gf%n é#g.nﬁnugﬁmﬂg%ﬁrﬁF%FFyTﬁﬂfﬁW@F isghentseltp DpGate gt & prpn.
System 100 ien Lilrdes ac ?r}pgn_ent,_such as a processor, enploying adjustnents-
of its = voft&ye& ﬁ'i?n?yr‘é% EREYS fefivRTeditorp sestoresnefter aipufagrmting riltiervatid cor dance
with the present .nvention, such as in the enbodi ment described herein.
Syst em 100PRCEUNE BOIRG &t pIpgrymmed inta e fizss ewasonmensypt B alpasessonis t he
PENTIUM(r) 111, PENTIUMr) 4, Itaniunl’ mcroprocessors available from,

I ntel 1Eor fBpakls efproviding fe pefyrmance reatsstry foritimt patittiaeghpute: felemsy st ens

(i ncl udi ngll PCs havi ng ot her m croprocessors, engineering workstations, set
top boxes 14061t hRaferiag novatp Bigers lhen excmtplary compueer sysemeli OB shovkaND! € system
100 may be executing a version of the WNDOAS' ' operating system avail abl e
fromMecr S¥#em 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 représentative of
15 processing systems based on the PENTIUM® III, PENTIUM® 4, Itanium™
;nicroprocessors available from Intel Corporation of Santa Clara, California, although
other systems (inc]uding PCS having other microprocesso;-s, engineering workstétions, sef-
- top boxes ahd the like) may also be used. In one embodiment, sample system 100 may be
. executing a version of the WINDOWS™ operating system avéiléble from Midr;:y'soﬁ
ZO Corporation of Redmbﬁd, 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 coinbinaﬁon 6f hardware circuitry and software, |
[0017}  The present enhancement is not limited to computer systems. Aiternative
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



20 Corporation of Rednond, Washington, although other operating systens and
graphical user interfaces, for exanple, may al so be used. Thusl7¢/{s3/2006
present i nweQbs/arsioss not limted to any specific conbi nati BaT/ORAEEIEWar e
circuitry and software. [00171. The pres&ent enhancenent is not limted to
conmputer systens. Alternative enbodinments of the present invention can be
used in other gQV|ces such_as, for example, 25 handhel d devices and
embedded apPfidssellplasphonsninterefRspiacol devises fhisital eameensi passonalligial 2006 WO
03/ 027820 PCT/US02/ 31160 6 include cellular phones, Internet Protocol '
devi ces, di §Fietants EAMDnd hprdhelriils. dingiedder apld@@ﬁlmamlscl(l%) and handhel d
PCs. Enbedded applications can include a mcrocontroller, a d| gital signal
processor (D&fcontefier, edigiial sigrehpiocesaent (AP systsmpant aehip, néNIP@MmputEet - t op
boxes, network hubs, wi de area network (WAN) swi tches, or any other 5

syst em whi cliNetP§g, sat-top dhsesi matwbrhubs, rwid arangtpok el Al switqﬂms,i opiany etherot her
enbodi nents. [0018] Figure 1 is a block diagramof one enbodi nent of a
mul ti pr dcessystem whighutse b meshemitsaniot fnifniringad wei dibsiftior £ tes erhbalihdmad. | ncl ude
a nmechani smfor adjusting the voltage and frequency to mninze power

di ssi pat.i orf0¢18] ac ®igtaricie a block diaBRnpsfeneahbddien bf Onultipldtessbf @spiter
enbodi.ment i's described in the context of a nultiprocessor system but 10

al ter nat i veyaahogh f5enédwiR Procasbry 467! thaNinQidd ReddhAGS St IR hORIREe Ser ver
system System 100 is an exanple of a hub architecture.” The conputer

system 100 anid bRy B inlsRiRPower BidsibitRh iP4cR6@RRE Svit MApredelNmbehtionr 0OCessor B
102 can be a conplex instruction set conputer (CISC) mcroprocessor, a

reduced i “%\Agx%ﬁén%).‘\é}/ﬁﬁ&&lm%%éﬁ%d(;ﬂht?@nteﬂbﬁ{ b gﬁ@%%)&f %t?mvﬁfty | ong

i nstruction M Cr oprocessor a process rent i ng a

combi ngp O’Alté'-}f.atfvé'éﬁl%ﬁi&x F&ehéludé%f IP%’Q@ Ipro%és% glﬁép ‘éh}é?s /SR h as a

digital signal processor, npl'e of an

embodi ment Sggtﬂﬂti Itj.l@ igrag%g%géilﬂés Ef(;%g}bl a’ﬂ%egmllee Cnct‘,Oel'lgljpull‘.CrI! system Ilbé fl)’lel).l eSS.S or Sy.St em

1. 00. Howev s un
processors 102 that processes data signals. Processors 102 can be a complex instruction

=

set computer (CI.SC) microprocessor, a reduced instruction set c_:omputing (RISC)
Microprocessor, a vefy long instruction word (VLIW) microprocessor, a processor
15 . implementing a combinatidn of instruction sets, or other processor device, such as a digital
signal processor, for example. Figﬁre 1 shows an'example of an embodiment of the
present inve_'ntion implemented in a multiprocessor system 100, However, it is understood
that other éinbodiments may alternatively be implemented as systems -ha\}ing a.singlé
- processor. Procéssors 102 are coupled to a pioéessor bus 110 that transmits data signals
| _ 20 between processors 102 and othef components m tile 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 caphe memory.104.
Depeuding' on the architecture, pfocéssors_ 102 can have a single internal éache _dr nitﬂtiple -
levels of internal caches such as a Level 1 (L1) and a Level 2 (1.2) cache. Sensor§ 106 and

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



t hat ot her enbodinents nmay alternatively be inplenmented as systens havi n% a
single processor. Processors 102 are coupled to a processor bud7Y0B{RE06

transmts daoassrgeml s 20 bet ween processors 102 and ot her Bonpsnsaia@ in

the system 100. The elenments of system 7100 performtheir conventional

functions well known in the art. [0019] In one enbodi nent, processors 102
on the architecture,

i ncl ude an int.%rn I ojgl(:he mem)rngp 104, Depending

processors THPELNS HAYPOYeLFoRgnaption oEthp ghip andqea tigeeravaliage/Bequersyel s of

i nt ernal caanes? S gh: S % Level | (LI) and a Level 2 (L2) cache. Sensors
106 and 25 % f&"cj‘ﬁ ﬁ&?‘f% Ensge 106 iy sside pn theidie arog the proceswos mddwe.i n
proces'so'rshépz.. The sensor 17/03/2006 WD 03/027820 PCT/ US02/ 31160 7
moni tors t helt§reataembrsiiments of rslieny encyfyolirze corsrobl pechardsm 408 ¢aniajpgde used

vol tage/ frequency adjustnent if needed. Sensors 106 may reside on the die

or on the pRadesewirolerasmbedded|prasessatsgraphive deviess BSR ami dihiee aypenafy/ vol t age
control l er mechani sm 108 can also be used in mcrocontrollers, enbedded
processor s, logj¢ aivhiitss devi ces, DSPs, and other types of 5 logic circuits.
.[0020] For the enbodi.nent of a nultiprocessor system 100 in Figure 1, each
processor 10820has Fohthecapabinient of atmultisrodessot systen 0n Filuk@geaand frequency
operating points through an on-die power sensors 106 and a hardware o

control | er pk@8ssofle2 haotiercapubilipto cordf ite bwh Rblags BRPEEJRRYy dFeRtibdiomtt he power
consunpti on of the processor 102 and sends a 10 digitally encoded value to .

the cont r olthreugh®@n-did\Sovie? Bembrs 106 artiti haFRASERIRE 168! TR PoweE Qg MOt i O Of
the processor or the tenperature of the chip. The controller 108 can

cal cul ate ti@ofRMEMbEARSHITRHIOR ti@@ﬁcﬁ&r%sﬁrhﬁid%%g%f&o&&% 742 49 s%/rﬂkaage' and
e

current. -~ Another enbodi nent of a power sensor - can noni tor

Do br ces SRBYBCbRATIRE to BF bkl 108, TRELCHO% PPk gt biSGIR " 20 Ve
i nput fromgenasion ofteGratabsol O thE REHSSFe ot chiﬁ. The controller 108 can | |
calculate the power consumption based on the present opérating voltage and current.
-Another embodiment of a pbwer 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. Memoi‘y 120 can be a dynamic random
‘access memory (DRAM) device, a static random accéss_ memory (SRAM) device, flash
~ memory de.vice,' or other memory device. Memory 120 can store instructions and/or data
fepreéented by data signals that can be executed by th¢ processofs 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 'mcm_ory can reside external to the
_ pro_éessors 102. | |
'-[0022] A system logic chip 116 is coupled to the proceésor bus 110 and memory 120.
~ The system légic chip 116 in the illustrated embodiment is a memory controller hub |

2._5 (MCH). The processors 102 communicate to the MCH 116 via a processor bus 110. The



[0021] System 100 includes a nenory 120. Menory 120 can be a dynam c random
access nenory (DRAM device, a static random access nenmory (SRAWY /ds3/ 26806

flash nenowgoslearszie, or ot her nenory device. Menory 120 carCBUSRE1160

i nstructions and/or data represented B data signals that can be executed

by the processors 102. A cache nenory 20 104 can reside inside the '

processors at stores datg signals stored in nmenory 120.
Al t ernati veﬁh%,%I f|1|§ pé%vdé‘?‘fé‘r ‘@MWWEHPW%B&E%%E’W Zéﬁ}ﬁm@%@f"ﬂ’éaﬂd er nal
to the p_ro%gas ors 18% 0022]. A systemlaogic chip 116 is coupled to the
processor b{ SfABSAN pge af gpphics epminands damand éatiresh i The H8. the

i |l ustrated, enbodinent. is a nenory controller hub 25 (MCH). The processors
102 communi $%fte dpta sighals betryean e progessorp HBc memory BP@saniither Torepob@tOB/D06 WO

03/ 027820 PCT/US02/ 31160 8 MCH 116 provides a high bandw dth menory path
113 to meno¥§enr 100 pust bridgss the cletesignalnkttwetaprocsssor bugel 10y Tderhary 130, endage  of
graphi cs commands, data and textures. The MCH 116 directs data signals

bet ween X hesypera &65E3r In $01 embaviingnts] 26 systentlogichip tidmpovidestgraphicd fret  syst em
100 and bridges the data signals between processor bus 110, nenory 120, and
5 syst em | /i® co@plingitn a goaphics otagohilercid 2 s The MEHsMStie toupldite ety 1246 provi des a
graphi.cs port for coupling to a graphics controller 112. The MCH 116 i's

coupl ed t o threwghraymd&iéry interfaneghs aThemaphits catient acoupik@to ho®ICH ABhi cs card
112 is coupled to the MCH 116 through an Accel erated G aphics Port (AGP)

i nt er connedlirough4n AcR8IeBtedSyapER FLRQAGPERtefcoRhaR T £t ary hub interface bus
122 to couple the MCH 116 to 10 the 1/0 controller hub (ICH 130. The ICH

130 provi dem2gy reS?st@xﬁﬁD@ﬁ&estr]ﬁo i&awﬁﬂtérgceﬁﬁyi%qécoﬁmegggﬂ%@% are the

audi o controll'er, tirmvare hub (flash BIOS) 128, data ‘stor | egacy

xpanal on’ S0 GATPRIAACHO PRICH KRROUCBUERAR P B REC T |,
134. The gevices. Some examples are the audio controller, ﬁnnware 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 netw_ork controller 134. The
data storage device 124 can comprise a hard disk drive, a floppy disk drivé, a CD-ROM
15  device, a flash memory device, 'or other mass storage device. S}fs.tem 100 also includes a
power supply that can both source and sink current to the rabove_ mentioned components.
.[0024] For another embodiment of a system, one implementation of a
frequency/voltage adj usting power dissi'ﬁation mechanis_‘;m can be used with a system on a
chip. One embodiment of a system oﬁ a chip co.mprises rof a processor and a memory.
20 The memory for one such éystem is a flash ﬁlembry. The flash memory can be 1océfed on
. the same die as the processor and other system components. Additionally, othe; logic
~ blocks such as a memory controller or graphics controller can also be located ona sj?stem
ona chip. By including one embodiment of the present iﬁvention-.on the system on a-c'h'ip;

the frequency/voltage controller can adjust the processor frequency and voltage to -

25 minimize power dissipation.



data storage device 124 can conprise a hard disk drive, a ropp{ di sk
drive, a CD-ROM 15 device, a flash menory device, or other nassld/d¥34@006
devi ce. SysWeM3#QT28| so i ncl udes a power supply that can borbTmswsiesend
sink current to the above, nentioned cofponents. [00241 For anot her

enbodi ment of a system one inplenentation of a frequency/voltage
can be used wth a systemon a chip.

adjusting p di $$] o) chani s / I 7
One enbodi n@r?t%_]of_ ?%“3%%ésn%n%a&ad?a@f:ﬁ%g%%%?’qs%é%ﬁ'ahm‘ﬁld‘iféég@éll"a%ﬁ’cfoa menory.
20 The neno gne,such stem,js a flash nmenory. The flash nenory can
be | ocat ed %%usft@%ghesvg%ga nﬂ%@“e{lﬁ’e‘“ BFEEESDH Vit g pessens invanfione kb onponent s.
Addi ti onal I%rbce%%‘herl I Oga:né bl ocks such as a nenory controller or graphics
control | er TAR HIY8" 45 4nd fequsaeydrvatofradised tgethergh opler Bynaintsih pripely one
enbodi nent of. aé{he @Eﬁe]sent i nvention on the systemon a chip, the _
frequency/ VOIFTEEER LBRYSB8S ennetdp loaeresswithonblopreninstbe olock fremereyc $padd vol t age
to 25 mnimze _Power_ di ssitgat i on. WO 03/027820 9 17/03/2006 PCT/US02/31160
[0025] P g3 oTarsean rpulidfthelvelgealevafis wdesed sdtbsuim chilie irhdquimy) THes a
mechani smfor adjusting the voltage and frequency in accordance with the.
present i nrdkifisauentyean heradiveted Guirlwinbtoatgrecasiyl Theoqitegecyn thavehei nbe adj ust ed
together in order to mmintain proper operation.; The voltage cannot be
| oner ed ‘wi tiabuEloVerwestionss tinkeeto oh adjitstiies Tae mechabRfaBed t9abhit@lor s can
result if the voltage level is reduced without a change in frequency. The
clock freqdieaespcyami wndtagalicvrdd deaiing an adjystinesitaBisaReRy phiformdMe WRJtt age, on the

other hand, has a slower response tinme to an adjustnent. The nechanism
needs to nompacd. the frequency and voltage |evels during an adjustnent to-
ensure that performance is not inpacted. 10 [0026] In this enbodi nent,
processbr [0026)c oD thnbbinit, BroBésBACH2IEmBPRRS M orl fE/pARTee sensor 106 and
controller 108. Sensor 106 of this embodiment monitors thé amount of current being
~consumed in the processor 102, Controller 108 can comﬁute the powér being dissipated
| by the processor 102 based on this current consumption.- The proceséor can also have
more than one on-die or on package sensor. For alfernéte embodiments, sensor 106 can
15 monitor temperature and/or processing load. Furthermore, sensor 106 can be located off
the processor module itself. Qutput from sensor 106 is pro#agatéd through a fiiter 208 to
controller 108. Filter 208 is a low pass _ﬁlter that ensures that the controller 108 does not
. reac_',t‘at ény small glitch that may come from the sensor 106. The filter 208'ensu1'es.ihat
the sensbr 196 reliably indicates a change in condition at the seﬁsor 106 before éctivating
20 the controller 108 to take action. Filter 208 of this embodiment has programmable
| rthres'hrolds and can be adjusted for different settings.
[0027]  Controller 108 of this embodiment can receive input from a.number of sources.
An external hardwafe pin 201 provides a pin signal 202. This external pin allows a user or

system fo bypass software control and to send a control signal directly to the

25 ﬁ'equency/vo'lt_age adjl}stme'nt controller 108. The pin signal. 202 may be a hardware or



controller 108. Sensor 106 of this enbodi nent nonitors the amount of :
current being consuned in the processor 102. Controller 108 cab7ddnp(RE06
the power b¥WO{§0a7338i pated by the processor 102 based on t RCT/uUSN3RGT
consunption. The processor can also hav® nore than one on-die or on
package sensor. For alternate enbodi nents, sensor 106 can 15 nonitor

t enper at ur e seRe fntdpk [ . .Fur.t her nore, sensor 106 can be | ocated
off the pr ocessor m@ﬁ?@‘%"p‘gﬁ“@%&ﬁ 5W?£F§DW§@§'WZQ®@CP¥%ka§gat ed

th h fi s troll 108. Filt 208 i I filt

that - ensr o Rar e A Denef A B Rt st tetspprollecHB tosnosrpoishant gl | t oh
that may cogkaf L g sensor 10£. Jhe f]i[q!ter 208 ensures that the sensor
106 reliably i ndi carad d CRgfom thepinsieaak 303 n The filer04 ensutss theoihe basar e

activating A control l er 108 to take action. Filter 208 of this
enbodi ment %"3‘2’%&3‘@?’3%% angfrip spulition qivfhe piasighal 2621 pefoteadtivating thef f er ent

setti ngs5. [C%Oﬁ'?i %gt roller 108 of this enbodiment can receive input. froma
number of SOUFEEE 108 Rfalsaction, filtes 204 wbithis epibodipGt lps progchesnablathresisilgnal  202.
F al.l ows a user. or systemto bypass software control and to

Thi's external gi ; )
send a cont¥f e bepsiystediferaliffarent seitingse The contedferett8 ylsy edctiRgesoftiliatbShpRat

controller 108. The pin signal 202 nmay be a hardware or 17/03/2006 WO
03/ 027820 BT Bt eaamemet sefofarneamepovitie safiwpire infiRS218 10 aRbGRbpeRdidn | S
coupled through a filter 204 to controller IN. Filter 204 is a | ow pass

filter thaeltRsontealler i Thheystantanatll ech HByidResonaor 18R Ghethly iAfLds SMal |
glitch that may .cone fromthe pin signal 202. e filter 204 ensures that

t he sensor to slO® dpwh ambyeguct: itdlpoedrdssipatidiange in condition on the pin signal
202 before activating the 5 controller 108 to take action. Filter 204 of

this ehbodi®28) hIbe pomagliamoabi @is@%ﬁﬁ@ngﬁerﬁé}qn&g@dgﬁ}w.ugéttcggtrtjlOr

different settings. The controller 108 al so recelv sof'tware 1 nputs 210.

Speration of the control e g om B Jachbhyat dubAB Snddited el Bl
processor sbfivawhah diEblé the BRBMStc voltage/frequency adjustment through a bit in the
- control register. Similarly, the software can override the sensor inputs. The solftwarc can
also push the processor 102 to a lower power state by Iowering the voltagé/frequehc}_r
15 dperating point. In order to maintain high performance, it is desirable to keep the |
_processor frequency as high as possi'ble. This adjustment is performed through the -
- manipulation of bits in this control register. Some prior art schemes cause the c;,lock to
stop when a trigger temperature is detected and exceeded. Even thought the systeﬁl |
-continues to operate, the processor shuts down into a sleep state. Méth0ds of the present
2-0:' - invention keeps the clock running at a lower frequency.
- [0029] Eor'tllis embodiment of the pz;ésent invention, the software control isnot
| allowed to rajse the operating pdint of'the process_of as a safety measure. The raising of
the process’of operéting point can oé.useth_e processor to exceed the thermal constraints or
damage the processor. However, an alternate embodiment of the presént invention caﬁ

25  allow for software control to raise the opérating point if the vser is testing other themial



to sl ow down and reduce its power dissipation. 10 [00281. The controller
nt operates independently of user control, lBJt0ZA2006

108 of thi sw%rm |

al so receive 00%2@5 fromthe systemsoftware through a coR€FyR023at0st er .
The software can disable the automatidlvol t age/ f requency adj ust nent
through a bit in the control register. Simlarly, the software can

override t hgromeliwaiechdiisor ﬂﬁ@sﬁﬁfﬁ Mre%%]a}cg&rgtg érﬁlégsppatitfgg]a%réﬁ]gl%? eﬁgl’ . (])_?ﬁt to

a |l ower power state by.lowering the voltage/trequ

| n order t oefBérAthRisicHY L 1s.desirable to keep the -
Cocessor 17 oqneney s toRAl bORRARfendebdnl 0CTH (R TR o1 mec

processor frequency as high as

Schames cadee The ot et il okdic: 1b7pF 8 e Sruf fhead arienirssieet cot ed and

schenmes cause the clock :
exceeded. Bjgmnikhe qb ff’e stem continues to operate, the processor shuts
down into a sleep ggfga %‘.; (fsfryﬁ%ﬁlgnqh? HY 1554 wemery locotgd op thermrecsssok E8ps t he
cl ock rgnnigpg a:lower. freguency. [0029] For this enbodi nent of the
present ~i nvent %arlll?s T mémasflc?fltaﬁg)roé’e‘@xé% L‘HP*S pasedhon diffgrepifiirgyency andvalage he
operating pgint -of the processor as a safety nmeasure. The raising of 25 the
processor @gfé‘gatcﬁﬂﬁ?lgbb‘ﬁdﬁa@ﬁs tatt dwingearyp ardsesthe inforeetien th adust thiver mal
constrai nt Srodl damage the processor. However, an alternate enbodi nent of
the present  FRVETPFBYRERRENT bajef giythegiressuifpowar stuaiont ok candrotler K8 of this
operating point if the user is testing other thermal WO 03/027820 11 _
17/ 03/ 2006 P PEFPULTEAsrTSEY Plbeldesssdhat hinetyanicsletheoninj hat, had dafadigsn sof t war e
has accurate information about the die tenperature such as through the-
system nan%yeHe kiluesdernthafolinwing perametprs: draperating voltaQ3 M opbaeingont ai ned
Wi thin processor 102 are a fuse array 214 and output registers 216, 218.
Fuse af ayffeyensygnd vpliagediehouiiyradjostinantatep® M Yok 26 Afeq tbned abjl@mBOCcesSsor 102
steps are pairs of working voltage/frequency points that the controller is designed to step
through. During normal operation, controller 108 reads in a sensor value and detenﬁines
‘how much power the processor 102 is consuming, The controlier 108 compares this
: power consumption value with the stored operating poinis loaded from the fuse array 214
R 15 tq determine what processor fréquency and voltage points will allow for optimal
~ performance while remaining within the allowable or tolerable power and thermal
‘_envelcr)pe.
- [0031] Controllenf 108 outputs the chosen operating frequency and voltage out to
_ lo_utput’ registers 216, 218 as § control bits in this embodiment. Alternative embddirnents
20 _q_an have a different number of control bits as needed. A greater number of bits can aildw
'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% fo 10%
to 15%. 'I_‘he‘ 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



and contains information as to operating points based on different :
frequency and voltage C) points. Controller 108 |oads this dataldurd342006

startup andvOe¥e2783e i nformation to adjust the Processor Oper/asosgiqooi nt
based on the present power situation. The controller 108 of this :
enbodi nent reads an array 214 of fuses that binary encode the mn, max, and.

default or al ues for the follqQw ng paraneters: the operating

vol tage, t ﬁg\ﬂ%m‘faﬁ?gtﬂiwéﬂh’é‘ﬁ@ﬁe R AgFrerst hagphr wifagh cihedeadt nent

steps. The vol t.age/frequency adjustment steps are pairs of working

vol tage/fr@&@@%@a dj:;"r‘f?%tot ugiey copfitl registe21$. sThpowlugrim hetficquensp  t hr ough.
During nornal, operation, controller 108 reads in a sensor value and

det er ni nes & AR i eredds rdiustithelrpruspeysd dhe clok sighaleonesatad frgm tihesltegnt r ol | er
108 conpares this power consunption value with the stored operating points
| oaded f r ofitRtteded essdlaigy (RGOPinthe mgintphasgdeckedrione R tor B2 degsnding srequency
and voltage points will allow for optimal performance while remaining

wi t hi n ¥ hethgvelspishe frequencyl registier 218 GwPLLAWCO 222 cansihcresse veiapase the0311
Controll er 108 outputs the.chosen operating frequency and voltage out t.o
out put r egtistieirguars, Th8owpuiSegisiat 216) 218i df this embddirsent st sofvhre vAIHIer nat i ve
enbodi ments 20 can have a different nunmber of control bits as needed. A

gr eat er nuardigeflepfs thd todtagamddtdgosncyfvalied in fea] tige aButhatbitige dnd fleqeaitiesrey and

vol tage adjustnents. Thus different ratios are possible. For exanple, some

bit setti ngbusediwhiledrerédessof 16eRtiaYes NOmMERbYerdtioBNTRudhd gerfbffenck sd% . The
upper 4 output bits are driven to a voltage identification (VID) register-

216. - The ivedri¢d. in the VID register 216 is used to adjust the voltage
provi ded fromthe voltage 25 regul ator nodul e (VW 220. The VRM supplies

FF)) cC)\_i_v/e [J slt(()]g/ g [??6 r igﬁﬁ%ﬁfck FoteratbreROA 2880k His Q3ngROR caﬂé@le@aﬁ&?@ﬁe o
frequency on the fly. Thus the PLL adjustment here does not result in relock time penalty.
Clock frequency is adjusted wifh_o_ut waiting for the PLL to relock. This is essential fora
server which cannot be unavailable for any amount of ﬁme. Unlike the frequency
.‘adjustment methods of existing schemes, this method of the present invenﬁon does ﬁot
15 dhange the bus ratio. A bus ratio change would cause a signiﬁca_nt iaerfonnance losstoa
processor in a server environment. The bus ratio of the present method remain§ the same
- while the PLL frequency is slowly adjusted up or down. |
| [0033] Input from the gxtema] pin 201 and software iﬁputs ilﬂ carl override the
_controller. Pin signal 202 can force the controller 108 to output ceﬁain frequency and
20 ~ voltage .éettings to the registers 216, 218 . Similarly, software ihput_s 210 can bause thé
controller 108 to choose a different operating point than that detérmined based on the
- sensor value. For the present embodiment, pin signal 202 and software inputs 210 are _
allowed to shift the frequency and voitage_ seftings to values less than that iﬁdipated in _t_he '

stored operating points of the fuse array. The hardware jnput 202 and sofﬁvare inputs 210

25  ofthis embodiment are limited from forcing the controller to adjust the frequency and 3.



on the VID value, the VRM can increase or decrease the supply voltage. The

| over 4 outwiloskbiss are driven to a frequency control register 27403H28006
value in the frequency register 218 igjused to adjust the lf‘?ﬂﬂ%ﬁ&‘f“of t he
clock signal generated fromthe voltage controlled oscillator (VCO .in the
mai n phase | ooked | oop (PLL) or 222. Depending on 5 the value in the
frequency r &Yfagt ra inalgr opanginglpbinyE0. 2R%y mesuieN OpeIAGR: M6 pesEgase the clock.
frequency. The output register 216,218 of this embodi nent i s al so software

vi si bl e ~ anbighasficeusney atderoitage thyealioned éaneause MRYpry@bde §07 B ok&RY thlsife-  Bot h
vol tage and frequency are .adjusted while the processor .102 continues

nor mal - oper BAWepand titrus] envelope, fpossibiy eeullifsia ebrdrs of BGLed. 10 100321 The
clock generator circuit 222 of this exanple is capable of altering. the

frequency oif0t3dle fHoy thiS@ubodifent Rhé-caretbis 10B Herd | bt D
relock time penalty. Cock frequency is adj@l%fsrtgSr vaqtgﬁ?t?gﬁ)%ﬁ/ﬁfﬁgﬁbth?tor t he

PLL to r%l delodephdent bSthe mafiVirbaksol Blocid | cannot  be upavail abl e

for any anount of tine. UnFlimI{e tsr?e f?eqﬁﬁéﬁéﬂ% j%észsplrl’ree%otweﬁﬁnﬁ?fd'gﬂ&

exi sting schétRSoftwdrt Sori®) ROMteP fud .invention does not.15 change
p the Huﬁﬁé%oﬁ’é;ﬂ?ﬁé}ﬁndn, ﬁeé‘?ﬂsf”i V@ﬁﬁtangéeﬁfsﬁf nmance

the bus ratio. A bus ratio change Wou use a si

ot hod T ot e hg eara R Bl B BRI sy £hS1 g lieaod up or
overr i do.t hienpeint e BSecth ey B oty Seiasseonbrobris o 1o
ouLPU co RSBt AN LR BELLLNGS  he egisers 210,
val ue. Sror MBS o THeRse: o oYeSirn e osuet Bt evame | npus 210
That i ni CRISARAN Sl St or ea. operating poi nis of he fuse array. The
Ihﬂn'd\tNg(rjef Ir@ﬁ#’ﬁ or2 ‘ﬁ'grr‘]ﬂ?%@g%’t&%qrhg‘ﬁ }%?egé@inéégﬁbq%;mg Léqﬁ.gﬁﬁgha”ﬁ? 1?5 83/'2006
o vacc'ordance with the present invention for adjusting the voltage and frequency to minimize
power dissipation in a multiprocessor system. This example génerally describes the
| 15 operation of a frequency/voltage adjustment mechanism of one crﬁbodiment. At step 302,
'the controller loads the frequency and voltage data from memory at startup. The data
f:omptises valid frequency/voltage pairs for different operating points. Thﬁs the
: mechanism_can lookup what the frequency and volmge cﬁnn'ol bits should be set at based
- 'Qn the pres.ent given power consuinp_tion levels. For this; embodiment, this
20 ﬁfequency/voftagg information is stored in a fuse array on the processor. The data can also
~ be stored external to the processor or in another memory.
) [0836]  Afier the con_troll.e_r is configured, the mechanisxﬁ enters into normal operation.
| At step :304', the sensors are qllgriedi The. nu:ﬁber and tyb_e of éensors used depends on the

particular embodiment. For example, the Sensor may sense current, powcf, temperature,

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



WD 03/ 027820 PCT/ US02/ 31160 13 voltage to a higher operating point, as.a
safety neasure. erating the processor at a higher frequency &He(-%(?é?é)@
than al | owedO&P2€Huse the processor 102 to exceed the saf ePCHENR31460d

t hermal envel ope, possibly resulting id*errors or damage. [0034] For this
enbodi nent, the controller 108 operates on a |ow frequency clock that 5 is-

i ndependent Tigf hatdveuwéipBts RFQEESSIQN step S66K - ThEREdRARLE thﬁ{bera%%ﬂt%r&al‘e power

sensor value and the software control register during nornel operation. The -
order 10 coppute b B s R S M A bR

Ut put T el o e B LA B S g P SN riont can
out put T egR BT E Ao o nal CSof tware controi . 100351 Flgure 3 s a flow

chart r gpr in enbqdi ne f a thod i.n accordance. with the
present i njg%?’ 0 ng?%;}g%saf Yfg‘ﬁs ﬁﬁc{] é%‘gwﬂf%f“i’% ATInRULLRE eYRRRdSt st ze
power dissipation in nul.ti processor system This exanple generally
Gescri bes. (1NE mEELupist danes hovk Pk Bk i Aresepseg s capuaruRgraiedathin sm of
one enbodi nent. At st e$ 302, the controller |oads the frequency and
vol tage dafRFPErROTShERFumptian i the gontralice cafing anappigpiiafe sparatinggpoint for :
frequency/ yol t ac%e gai rs for different operating points. Thus the nechanism
can | ookupRPECEEAE At BepHAce maehapismdssideswimties theisiperstisgpittdf e set at -
based on the present 8i ven power consunption levels. For this enbodinent,
this 20 frPgessyhedd bagdivsed dhasentioten of this embatliinent gompares the paweron t he
processor. The data can also be stored external to the processor or in
anot het0 neepssymptionoae withtageble bivabssstowst liiememsryco défeguinedhatidite mechani sm
enters into normal operation. At step 304, the sensors are queried. The
nunber andfrequpreyehd seltegesBouldecsetie p Hiths fraquetidyeand paktdge Guluas are fla@gtherent . For
exanpl e, the sensor may sense current, power, tenperature, '

*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 efficiehby while

, lminimizing procéssor power dissipation.. At step 316, the new frequency and voltage
20 settings take effect at the clock gehEI'ator- and thé power supply, respecﬁvely. The |
~ mechanism continues to monitor the processor and evaluates thé sensors and ihpu’ts 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 concufren_tfy in each’

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



25 or processing load. Simlarly, nore than one type of sensor can be used

On a procesgyy gsoifhf3/ 2006 WO 03/027820 PCTI US02/ 31160 14 The A&r/dWay 2006
inputs are queriéd at step 306. The hag%vvare i nput can be aRCEXSE/HAMO |
hardware pin fromthe system At step 8, software inputs are queried. The
software inputs of one enbodi nent are software signals fromsystem

managenent satfnasandepareitioethe eper mbit®rSHIbERken. val ues .
and hardware and software input slﬁare eval uﬁ%d “at ﬂ%%ﬁ%ﬁﬁ%ﬂr}echani sm

det er mi nes $ftwareunhy Dol chibBilRy @GRS alliof 4 %u%(&gule@ﬁ\gﬁ& el

? 1=
processor power consunption is, the controllér can fin n~appropriate

operating pghot sdfWare inP@s RIcRGERSRof stBh 366 SR 3942, t he mechani sm deci des
whet her the operating point of the processor should be adjusted. The

control |l er [@b4g7hi s W =Ya) HRY Lot r.10 consupption val ue with
a tabl e of [val t]es ér?g%)%égpﬁt'tﬁ%ergmr y tnbﬁggﬁpﬁn&\r,l%s \l?\?legtdeﬁcﬁged@%{fgeém' and
vol t age sshaygk ; e nd volta val ues.are the sane
or approxi mat gecf[&gc ﬁ%p%%yeeéﬂ_ebfﬁg vgﬁsfg{éag&gr ﬂ%&%@?ﬁ%@%%ﬁFﬂ%@@ﬁ”&bl e limts,
the ProcessasaaRbRt kAR I ot bepadidisted o The echaniesm

continues to nonitor the “processor
the frequengy. L . val'u re. 15 different fromthe present val ues,
t he pr ocessorS%ggPa@!eE{%g%looPﬁf Segfpﬁllﬁﬂﬁé‘pﬁﬂﬁdﬁfg?]é‘ﬂ’.& Thewseficatioa apéchani sm

out puts th frequency and voltage settings at step 314. These settings
have. been gfagﬁ alr)%géc “ﬁ#bf’ ﬁcgbedggqr&%dn GBQLE'E"?Q‘Wﬁ relsr than apestrigiive sensbodi ment |
the settings are chosen to provide optinmal processor efficiency while

m ni m zi ng processor power. dissipation. At step 316, the new frequency and
vol tage 20 settings take effect at the clock generator and. the power
supply, respectively. The nechani sm continues to nonitor the processor and
eval uates the sensors and inputs for further changes. ' , :



[ 00391 The exanple of Figure 3 has been described in the context of a
single processor. In a nultiprocessor system the nethod can b& 793 .62 60d
concurrently in each 25 processor. For exanple, each processor can be
adjusting its own frequency and vol tage WO 03/027820 1i 17/03/2006

PCTI USO21 31160 settings independent of the other processors in the system
However, the overall system software nmay have the capability to control

all of theWB?%c?@&‘?S’r‘s‘either through a hardware pin or software inputs such
as those of step 306 and 308. [0040] In the foregoing specification, the

i nvention has been described with reference to specific exenplary

embodi ments  t her@iod!idr miithizing POVER YBSipatiBiFin &\l BRLess b mY@idgOUS

nodi fications and changes nmay be nade thereof w thout departing fromthe

br oader spirit detamdhimcopeeodonsunetioneiei i on as set forth in the appended
clains. The specification and drawi ngs are, accordingly, to be regarded in
an ill8strativ&URtitgeRIdPRYPT cansumption velup jeeobtainrsrew obFRORIRDO6 Wat is cl ai med
is: 1. Anethod for mnimzing ovv_e{] ,ﬁ_ji ssispati on in a nmultiprocessor
conmprising: determhing <y B PEBHYE AR5 “PEPIE:Po8t eval uat i ng sai d power
consunption va i i ; L int. r] i d new
oper ati ng poi n'ltEl Mi/&\,ih?% gaggégéﬁi'@%\pﬁggggfa%g%@‘?ﬁ‘ﬁ"’p’g‘%ﬁ“’ﬁ‘gﬁgﬁg ngﬂ? F?%%hgncy
setting anentdf suidnbageeraiag poimgs diferah®frére SHORPsenOopaitish ghRY aa@er ating point if
said new operating point is different fromsaid present operating point;
and | oadi ng f rlegflingrfeeguenndandablitagy datd &or a plucality af qplecatiag poinys fofm mereerat i ng poi nt s
from naem)r%/ ) 10h erein ggch frequency and data &%i r correspond to a

si ngl & op¥PLein RRFN J8THsRoY 2pd datp gaineameeRenG o asinglerpparalilde@rdl n det er mi ni ng a
power consunption val ue further

2. The method of claim 1 wherein determining a power consumption value further

comprises querying a sensor.

15 3 ‘The method of claim 2 wherein said sensor is to obtain a power consumption value

indicating how much power is being consumed.

4, The method of claim 2 wherein said sensor is to obtain a current value indicating how
much current is being consumed.

20
5, The method of claim 4 wherein said current value is used to calculate a power

consumption value.
6. The method of claim 1 wherein said evaluating further comprises querying for system and

25  userinputs, said inputs to override said power consumption value and to affect choosing of said

new operating point.
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conprises querying a sensor. 15 3. The nethod of claim2 wherein said
sensor is to obtain a power consunption value indicating how nkd Gdip Oics
bei ng consuned. 4. The nethod of claim2 wherein said sensor is to obtain a
current value indicating how much current is being consuned. 20 5. The

met hod of claim4 wherein said current value is used to calculate a power
consunption value. 6. The nethod of claim1 wherein said evaluating further
conpri ses fuer yihagefer okgair & wherrig saig svaliging fuisrenprisesivging FAHA%et o overri de
sai d power_cons tjon val ue and to affect choosing of said n oper ati ng
ot nt |16 TRk k8% et g B+ ISR s B sl srREliel g
further colminsss rbGieRd halshatO¥ed consunption value to | ook up a
frequency setting and a voltage setting for said new operating point in
said frequency and voltage data. 5 8. The nmethod of claim7 wherein said

adjusting further conprises outputti né; said frequency setting and said
vol t agé sekti nghe etrod efiftail whesein stidadjusipg fariffer eqitnsipesyoutputting saifl fregueRgy ust
signal output of g clock generator and said voltage. setting.tgo adjust

Vot age. ottt arie=l ilseE seriioe oot St thedipnir i B AP bR RS

eval uat i ngy £ UELORRe SO sS8 Sorded Shith 1Y LRt dt 5 Bhikkr BQPRT  CONSUNPL i on
val ue is vm'thlgnrbgnera Iowg Feorgnéﬁe%loé&% e rfjét hgd o?a{):l z;i m 9 wherein said
new operating point is chosen to have a new power consunption value wthin
said all owabl e range. 15 11. The nethod of claim2 wherein said sensor

moni t or s t%enpeitbe methoded dlaippwizeréimepid @atiating Zurther aemrptisep deerminingrwhethapr i si ng: a

controller to adjust processor voltage and processor frequency;
10  said power consumption value is within an allowable range.

10. The method of claim 9 wherein said new operating point is chosen to have a new power

consumption value within said allowable range.
15 11, The method of claim 2 wherein said sensor monitors temperature and operating load.

12. A multiprocessor comprising:
a controller to adjust processor voltage and processor frequency;
a sensor coupled to said controller, said sensor to measure power consumption of said
20  processor and to provide power consumption values;
a memory coupled to said controller, said memory to store a plurality of frequency and
voltage settings corresponding to particular operating points; and |
a control register coupled fo said controller, said control register fo receive a frequency
setling and a voltage setting from said controller.
25
13. The multiprocessor of claim 12 wherein said control register is to drive said frequency
setfing to a clock generator, said frequency setting to adjust a clock signal output of said clock

generator.
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a sensor coupled to said controller, said sensor to neasure power
consunption of said 20 processor and to provi de power consunptidd Q3 2896
a nmenory coupled to said controller, said nmenory to store a plurality of
frequency and voltage settings corresponding to particular operating
points; and a control register coupled to said controller, said control
register to receive a frequency setting and a voltage setting fromsaid
controller. 25 13. The nultiprocessor of claim 12 wherein said control
register ig todriv id f u setting to a clock generator, said
frequency ?étti.rﬁamtug'p rg%jsgqsrt&(g&?:ﬁgc "%ﬁ“‘%ﬁ’ﬁ“ Sg'ﬂtcf)'ﬁ‘t"' FS?'Stg%{fgdeeos@lg gener at or .
17 17/ 03/ 20hye Létinghb 8 pBMr sLiglyQRBERRAb s&d prbdcRbdM shid vhigh B&tingiSdiRt & sai d
control register is to drive said voltage setting to a power supply
coupl ed t oobge dutprtotesgmver spplgd vol t age setting to adjust a voltage out put
of said power supply. 5 15. The nultiprocessor of claim14 further
conpri €ing a hardware pin coupled to said controller, said pin to provide
a hardwareg.intefrupt signal, to r operatio f sajd control|er. 16. The
mul ti pr chlg-soﬁﬁ?m }":’a{?cr?\gﬁoff‘iﬁﬂ"? ﬁ@ﬁ%%ﬁﬁ?%'f‘%n%fﬁ\“?fﬁﬁ&f‘éwp it s to receive
sof twar e c%rolfé?,@éfd?ﬁint@pr%@ihéja ﬁ&ﬁ%{r@’n{eﬁ'ﬂ% sfifidi ¢ {ftgrf JpbRiin 6f@8&'£<§1tr%l%r.p.r ovide for
software control of sald controller an {o alter operation of said
controller. 17. The processor of claim 16 wherein said nmenory is a fused
array storing a table of data conprising of settings for frequency and
vol t age pdfrs Csrméipmeastionef claim Hefutthepeamprisind softwerp eegistérnty recke pafiwates.  18.
The {]ti Er ocessor of claim 17 wherein said controller conprises logic to
e

eval u Byt B RRPOLS ARG ISR INGUlP (9PEoVIdR fpr seftvars qopiro! §f st el 204 ng poi nt
and to de{o%tépoggram%t‘ Qa% cotr|90ller.

17. The processor of claim 16 wherein said memory is a fused array storing a table of data
comprising of setfings for frequency and voltage pairs corresponding to said particular operating

15  points.

-18. The mulfiprocessor of claim 17 wherein said controller comprises logic to evaluate said
power consumption values and to select a new operating point and to determine whether to
change present operating point of said processor to said new operating point.

20
19. The multiprocessor of claim 18 wherein said present operating point combrises a first
frequency setting and a first voltage setting, and said new operating point comprises é second

frequency setting and a second voltage setting.

25 20. The multiprocessor of claim 19 wherein said controller comprises logic to output said

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

21. The multiprocessor of claim 20 further comprising:

18



change present operating point of said processor to said new operatin
point. 20 19. The nultiprocessor of claim 18 wherein said preseﬂt7/db%9310i0ﬁg
poi nt conprises a first frequency setting and a first voltage setting, and
sai d new operating point conprises a second frequency setting and a second
vol tage setting. 25 20. The nultiprocessor of claim1l9 wherein said
controller conprises, logic to output said . second frequency setting and
sai d second voltEGEUSEY f?loﬁp'?%m?ﬁiﬁac’"é'fi@(’rsﬁp Spegf agnapr o ?ia.‘suéﬁé”e"t
mul ti procesaimpidn &t s Podfsdrur t her conprising: 18 17/03/2006 a second
sensor coupled to said controller, said second sensor to measure current
consunpt i on of adsirddbepsopc@pBOro;said chiliolldl, SRNGANsefRUPIMAsdrOempeiuRMNtE®! | er,
said third sensor to neasure tenperature of said processor; and 5 a fourth
sensor coupceHot@dai d controller, said fourth sensor to measure processing
| oad f said prfocgssor. 22. A n,%]llti rocessor systemconprising: a first
menor y “coupl ed %G SHIFE" COHRELO If FINFPISE S furtR BESPIAYMERFUEARFeIY loada) d
processor of sid N6des&PMPri sing: a controller to adjust processor voltage and
processor frequency; a sensor coupled to said controller, said sensor to
measur e power consunption of said processor and to provi de power
consunption val ues; a second nenory coupled to said controller; and 15 a
control r@gi st &mullipiwpésser syglers adrebrisiogit rol | er, said control register to
receive a frequﬁrnc% setti n% and a voltage setting fromsaid controller; a
5} Bgm t

power supply cd peuRrdoFhYsessor, said power supply to receive said
vol t agg a multiprocessor coupled to said bus, said processor further comprising:
a controller to adjust processor voliage and processor frequency;
a sensor coupled to said controller, said sensor to measure power consumption of said
processor and to provide power consumption values;
a second memory coupled to said controlier; and
15 a control register coupled to said controller, said control register to receive a frequency
setting and a voltage setting from said controller:
a power supply coupled to said processor, said power supply to receive said voltage
setting from said control register, said power supply to adjust its voltage output in response to
said voltage setting.
20
23. The system of claim 22 wherein said processor further comprises a clock 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 24, The system of claim 23 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.
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setting fromsaid control register, said power supply to adjust ‘f | t age
output in response to said voltage setting. 20 23. The systen1éﬁ d?%?
wherein said processor further conprises a clock generator, said clock
generator to receive said frequency setting fromsaid control register,
said clock generator to adjust its clock signal output in response to said
stem o erei sald cessor

frequency setti e.s
further cozr?rsprl s@gs’g Mk O%al\{/"\}é“%wbhe%'ncsgﬁﬁocasso'f%r%seéfo(ﬂnp"?)eﬁts g reg'ssré?l U pinto

provi de a rhaiveWerurd iRfueth Sid coﬁlr&l@ﬁgalﬁ %f@ak@ﬁpu%ﬁ@ﬁr@\t/ld@fﬂr s‘afth?r@ba\trolcl{@nt roller.
19 17/03/2006 25. The system of claim 24 wherein said processor further
conpri ses sgidicont@alies andigiaBdrepsation of ga@htwdlersof t ware i nputs to said
controller, said software inputs to provide for software control of said
controller and to alter operation of said controller 5 26. The system of
claim 25 ere sa raller. c rls | ogic to eval u t ai d power
consumg)t i % vaILrEe?’s%Wd’?q%'mszglwgﬁr?méa' A eéF%ﬂ‘ ?f adis Reval § RP%E%r mi ne
whet her t Qorﬁshﬁ?ﬂ»ﬁ valBsCh B seRPES ri2ly! dagram@ pob M (@ Lme %%ﬁé‘?& offaf esa' d new
operating poin 27. The system of clarrm 26 wherein sai presen oper ati ng
poi Nt conpresae spetating paiit of saRHIEIBEr tokidhel bpdiglingBéinta first vol tage setting,
and sai d new operating point conprises a second frequency setting and a
second voltage setting. 28. The system of claim 27 further conprising sai d
first neng{y %ores a Iurall of frequency and voltage settin

corr espon he Sb’%f?'f‘l g PO B’E Pi3 £7ih greprst ?ﬂeéat'"%?)""ﬁg"mpﬂﬁ%s 3l eB'FY claim 27

wher e ll @ S géﬂﬂl SR&EQ ﬁrgt \MHEQ %Xﬂlr}; ?x{aessa Q’:eRll Bérgtlirigtp)‘tnpgom})ﬁ%g H %%%Xd ﬁ‘glq%echgl tage

setti ngs cor espo | CU era
setting and a second voltage setting.

28. The system of claim 27 further comprising said first memory stores a plurality of
frequency and voltage settings corresponding to particular operating points.

15
29. The system of claim 27 wherein said second memory stores a plurality of frequency and

voltage seftings corresponding to particular operating points.
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