.rse3e[>6tTQU ~ v nnre zooz ﬁm“wmm ENTI ON The present invention
fel at es t owdney/fnel d of conputer speci fi cal | y,pd1imesosn zent
invention relates to power control nan,ggggment in conmputer systens.
BACKGROUND OF THE | NVENTI ON Power nmnagement in current personal ddmMAR2002
(PC) platforns are perforned by a ﬂmumm f basic input output systens
(BIGS) and System Managenent I\/bde ilizing hardware unique to
each platform and device drivers with mwowes saving features. The BI OS and
SMM code solution typically involves detecting inactivities of designated
i nput/output (I/0O devices, such as a Ke ‘board or rmuse in a conputer
system After the MEdDGHAAR AR (BVBRAY Al VT
predeterm ned period of ti rre) the BI (03] and SW code puts t he conputer
systemin a sleep state where the conputer system operates under |ow power
by poweri ng E&bﬁ@&&k@ﬁy_ﬁ&&% ces and conponents in the conputer system
Wil e the Bl OS anthépdvkent rrﬁéﬂihﬁ rba&swm@mmfcsﬂcbmpbreessgmmst hoeC pl atform
into the m)blleelllron eﬁ (ﬁ’é‘ii) in the desktop
envi ronnent SHSEFEL g’eﬁ@%ﬁvnﬁ@t‘%ﬁ @Eité’dmf”(?r% F‘Bﬂ%ﬁleml Pd%devi ces not
recogni zed bgompecBlYy@8mand SMM code. 1/ 0O devices that are not recognized
and not nonitored by the BIOS and SMM code nay have associ ated devi ces
powered down or 1 t hensel ves he owered down while in the mddle of an
operation. |BA& QHAD O A Bt are not recogni zed by the BIOS and
SW code nmay be pPWéﬁﬂarﬁ@&YﬂerﬁQﬂ&lrﬁér@b&sMﬁébrﬁﬁlﬁ& (PEGIPIattErmePAaE! al  power

t I t ti 110 d
et ive ot ar Plarmed Y BeorBieir OEre At R e B PARREE I <o offer
power nanagenmnheeﬂmht Miode (SMM)dedd wdizitgi haetvereromiteowo endteplatferorandspondi ng
devices for jnact drwe{sngﬁgﬂggsav&pqgaqurggv| ces in a | ower power state when

t he devices arée’inac cng since the device drivers are not aware
of the applicati ohbke BlimpraiSMM ¢ SQVS‘P@FMPIGPH)EWV#Q{R&@@CQUM ipetiviges

conser vat i vebygddichheutn Xtu%m? %gi |dcal‘é¥@§\§c?a% dqcfeKmtr@&t idhsePBWEr Savi ngs.
€ des

117187 P 1
V0 99 8 cgrléu?g%?étem A ter 1°natch I/O‘d%VTe ave been inactive for a

predetermined period of time, the BIOS and SMM code puts the computer system
in a sleep state where the computer system operates under low power by powering
down various I/O devices and components in the computer system. While the
BIOS and SMM strategy has successfully brought the PC platform into the mobile
environment, it is beset with problems in the desktop environment where the PC
may be connected to additional I/O devices not recognized by the BIOS and SMM
code. I/O devices that are not recognized and not monitored by the BIOS and
SMM code may have associated devices powered down or may themselves be
powered down while in the middie of an operation. In addition, I/O devices that
are not recognized by the BIOS and SMM code may be powered down completely
when they require special power management such as auxiliary power to keep a
portion of the I/O device active at all times.

Device drivers with power saving fecatures also offer power management
options. The device drivers monitor their corresponding devices for inactivity and
puts those devices in a lower power state when the devices are inactive.

However, since the device drivers are not aware of the applications running in the
system, they manage the devices conservatively without taking full advantage of
potential power savings.



An apparatus according to a first enbodi nent of the present invention is

di scl osed. woOm1apar at us i ncl udes a first regi ster having aPproTnsos/f46sl d
that stores a first value that indicates a power nmnagenent state ?f ﬁ %ui
A bus regulator is coupled to the first register. The bus regulato 4 MAR"2002
regul ates the bus according to the power managenent state. An apparatus
according to a second enbodi nent of the present invention is disclosed. The
apparatus includes a first register. The first register having a first
field that stores a first value that indicates a power managenent state of
a function of the apparatus. A nmethod f6r managi ng a bus according to a
third enbodi mnent of the present invention is disclosed. Af rst power
managenent SEARIARY assi gned to a first function connected to the bus. A
second power nmanagenent state s asg%%?389§o an originating device of the

bus based on t he /1 FRPRTAGASFOrHRR QR ment afifhe prgeent VERN Bt ed to the
second powerdistiaed) ETherdppataals éncsdes griest registehieavig Dfinaficlo ghderssa. BRI EF

DESCRI PTI ON THE . DRAW,. The present invention is,illustrated by way of
ol o o oo PR o HOFeP PR EmdhNER AR Bt g LRSS Y P
drawi ngs, i wowpiedte thtarst rdgestare flbe bneregularad iregui atesgherbiscaccedderganttises and i n

whi ch: Fi gur§W1 ngnfeRleRCdtadi @agram of a conputer systeminpl ementing an
enbodi nent 8 the present 1 nvention; Fig{gre 2 is a block diagram of
sof tware nodul es AThiRPaAEECFRIIIRS R ABENdemPodmentRf thy prsesst IMVRRHAR IS on;

Figure 3 is dacloaéd.eThd sphfagispmiedes mEMadesieRt. ThetitsresidRpantifg alfystan

enbodi nent vent |

. . {eC}E‘e[ resent ir] on, Figure 4 is abock(gj ram
illustrati ng i ?éﬁ?ﬁsr%l By oh ‘Qgﬁ%‘f’? %RO‘%@{B‘E““-E‘HH?‘F RIAG atafgmsll?ﬁpor t the
present i _nvexﬁthecnmpar@wr ding to an enbodi ment of the present invention; and
e L T R e
to Figure 1PreseeGnyamtien issdisalesst.updisViiven MaRagamsadsiaent ABTCnEhE pr esent
i nvention cansti¥endtichlcen®Ricado the buBOWedsnd fiiver MARageERbLEE 1S ¥R isRRd
to an originating device of the bus based on the first power management state.
The bus is regulated to the second power management state assigned to the
originating device.
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of cxample and not by way of
limitation in the figures of the accompanying drawings, in which the like
references indicate similar elements and in which:
Figure 1 is a block diagram of a computer system implementing an
embodiment of the present invention;
Figure 2 is a block diagram of softwarc modules implementing an
embodiment of the present invention;
Figure 3 is a table listing power management states supported by an
embodiment of the present invention;
Figure 4 is a block diagram illustrating a standard PCI configuration space
configured to support the present invention according to an embodiment of the
present invention; and
Figure 5 is flow chart illustrating a method for power management
according to an embodiment of the present invention.
DETAILED DESCRIPTION
Referring to Figure 1, a computer system upon which an embodiment of

the present invention can be implemented is shown as 100. The computer system



WO 99/17187 PCT/ US9811468i 1 ~ MAR 2D02 _ 3 100 includes a processor 10l
that procegsesy/@igi tal data si gnal s. The processor 101 may B TAUOEARB £X
instruction set conputer (ClSC) mcroprdcessor, a reduced instruction se%2
conputing (R SC) nicroprocessor, a very long instruction work (VLIv§4: MAR 2002
m croprocessor, a processor inplenenting a conbination of instruction sets,
or other processor device. Figure 1 shows an exanple of the present
invention inplemented on a single processor conmputer system 100. However,
it is understood that the present invention nmay be inplenented in a

conput er system having nultiple pr ocessdrs. The processor 101 is coupled to
a CPU bus 11100uduiledes tpaorerdor 40t ataapsicensed digiva tdamesignalods poocedsdl and ot her
conmponent s i .00, y be a
dynam c ran (&)ﬁrln%gtLl cb(eég‘lrs% #ﬁep%x ¥ Sthfg\r}{l%étee?E%ﬁggg Lr%})toan%B{th%dgngesgarremry
(SRAM devi oestmgnorotdne@mmm( I§Ey inderoprobrssoredrery langingirustion work or mat i on or
ot her i nt er ARt figidhibeddsonalpodelidl ifiemeneiUl @bt bR ®f RkBGARACT | 01. A

cache nmenory 102 reS| des 1nsi processor 10T that stores information or
ot her i nt er Fe%i At ¥ Hé’f%?eéﬁoéﬁﬁt’lge s]t:'(SPE"dl RWEBRGKIIRIE P! therIeseRt he 102 speeds
up nMenory adeensies ihyleingftef) O @BERIY prdfissdritotrpkiten gy sty A00. aEGw@\fcr,l its locality

of access. 1pu a&rs%c]detPBQ%%%r%@t?mvgr?t%n O% tehlilpbem d‘lg CFII;I ascgrsrtvg{nr S chﬂ'll the cache

102 resides erna focessor € ‘menor ler 111
is coupl ed th@Vmbenl@‘ﬂ’QJemu@CeBSOI@ Bhredproerssord b iycoupBd (whd B belgbl Omenor y

control | er LhlelirkRehs daéts‘?’orﬁls%ﬂb&nl?ﬁéd@?ﬁlﬂl@h@n@étﬂ&%ﬁ%bnéﬂ@m thdie menory
113, and other conponents in the conputer system 100 and bridges the data
si gnal s frofPPPESESYEM3ARnts to a first 110 bus 120. Fromthe perspective

ot;] tge gr ocessor A@Jn@Qﬁtp@d’lnﬁﬁﬁflrﬁlll?ﬁmﬁb@hﬁ?ﬁhd’nﬂﬂﬁldﬂl@gﬂJ&césbﬂ}eﬁf(ﬁiﬁlﬁssgr 101,

t he bridge ontroller is e ori ti evice for the first
10 bus. 5 50 DRAND el S5t riidn et oereRn A I B G EEIuS (o the 170
-bus | 20. Acaoneménygletioe. afhembmdiyeldtstats infremptiesemndthérimemadong dda i dge nenory
controller Ot t egul ate the
first 1/0 basig]nals'tﬁzit%ﬁee e@tétpc':lr’g El’ﬁgi%@eg&ré dép Ac'ﬂ@t]tc tﬂ%ﬁ&? 198 rés‘? ds

be a at or that
adj ust's t he 1BYeRFOBFsser] lroétmqtﬁ@fﬁugff’l‘?@m“apfwmF“‘?‘E&Glﬂéﬂwi‘ tlﬁﬁ’tls adj usts the
power to thedred mtmt:phs}ybus m,caafe 1@bh§éedﬁegwtteat&y aédeddes Bylitiest s ot her
features of the f § fgﬁ fI s1 IIJ. %P <\ngp e%%ﬁted t hat the bus
regul at or maﬁtcreé%trd B '?gakfdlvﬁmf‘ PHE B3 358 EFBi9 er 111. The
first 1/0 bmmbbﬂﬁnempf the camputagbystem $00) theacaclontil2ratidarexaeinaind the pl e buses.
As an exarrpl;; é%}e“' rst 1/0 bus 120 may conprise a Peri pheral WO
99117187 PCH U

81 1 ~r MAR 2002 __4__ Component Interconnect (PCl)
bus, a Personal Cbhpdgememernbeoptrobierd! il it equpkedito teel A due i Bt andrihg PCVCI A}

bUS) a NUBUSr)ter%ryqtlbelTh@Bﬁ@«Se me'ﬂSryf dornﬁbllér/ 191 RYSctd d8a BiAME B@Se&PMEUNI Ccat i on

| i nks between co an in ib% ut er tem &9 A network controller
121 |inks t%o%%dﬁgr ap og’eﬁ%? NENSHD EWTSTPYICE SBHA™ suppor t s
comuni cat i oWOammgdgé‘sahcramhsrgesls frdndihsgel caaynpd»ﬁmtsta) it Volbuen2d.22 i s
coupled to t i e\ 2 all ows
coupl i ng of r-';SEnhé ﬁér yﬂégt?v?ts'?rh%gpc{cEQ;B?td’t og9%¥h9§yf8e8:'i‘ttfn§ld§§§sﬁ‘e§s o
interface betrmwrtlﬁé, the bptlig:a/m@mvtyc@nmldtrtlhél&tbqpugr@mlrrgm@quxabe The

di splay devifge #OBLE P20 Qheed TR tﬁ’@ﬂét M%@M%ddé %n%e@%ﬁé PO HuyDA) card, a

col or graphics adapt er (CGA) an enhanced- graphi cs adapter (EGA) card)
an ext ended laprfcewing oy e(‘%@t‘)‘“e@af’ﬁthﬁPr"é?’?ﬁé’?"eai‘%‘blbé.‘ﬁ‘o%l‘é‘w‘{?@’ control | er.
The di spl ay abawbite IMeynddRies abes R¢uBt@N60 eiar ogeraeputilaterarifiral/O a f at

panel di spl o] ISP ce. eyt dat a
signal s froﬁtﬁl ﬁgopﬁggé%sgﬁ&f@@(ﬁﬁgigﬁa EOCkgé@%&yth% ugg [éogﬁ% ﬁfe 122
and di spl aysfirsh¥Oibus d20vat foover sagnladert thatsidpssithe pQ}VEtrh@thﬁEst 169 buhB2Qz onput er

system 100. &-&}?&Qé’gi'llé&ﬂh%;u%é%tﬁ@%eé?@re@o%@ﬁts‘?I/@'&:sqrzoah%%ﬁlh%t' on of
mul tipl e buses. As an exanple) the second rise a PCl

bus, a PCMCI %pb‘tegateddhﬂmem rfulygph@ay Eﬁ§§ié§’“e"|“ﬁ‘€y %@sgadse/ 130 provi des
comuni cat i ocnmkrlon&sllbet ween conponents in the corrputer system 100. A

keyboard interfa eyboard. control or other, .keyboard
Pterface. The keobulrtiP s frdeey b33 nas 88 ot pafbedlerbailigE’ or “can
reside i n anusherAsiavexsmpedhe Ast HObws 120 a2y ebinpriscor Pasipheral control | er. The
keyboard interface 132 allows coupling of a keyboard to the conputer system
| 00 and transmts data signals froma keyboard to the conputer system 100.
A data storage device 131 may be a hard disk drive, a floppy disk drive, a
CD- ROM devi ce, a flash nenory device or other nass storage device. An audio
controller 133 operates to coordinate the recording and playi ng of sounds
is also coupled to the 1/ 0O bus | 30.



A bus bridge 123 couples the first 1/0O bus 120 to the second I/0O bus 130.

The bus briwdp®/1t23 operates to buffer and bridge data si gnalmh&mmslthe
first 1/0O bus 120 and the second I/O bus 130. Fromthe perspective of th
processor 101 and an operating systemrunning in the processor |01, 1t4hé1AR 2002
bridge nmenory controller 123 is the originating device for the second 1/0O

bus 130 since it is the first downstream bri dge connected to the second 1/0O
bus 130. According to an enbodi nent of the present invention, bus bridge

123 includes a bus regulator 163 that o%erat es to reqgul ate the second 1/0

bus 130. The bus regulator 163 may be a™ WD 99/17187 PCT/ US98/ 14681 ~ 4

MAR 2002 _ sCompangakintesepnngetd PCDHws, agreppakComputspisont Cawlcond T/ O bus

130, a powertnfe%wbaM%ssbhaﬁo@mem}A)tttt@ PNﬁBhst&oiﬂéﬁb&%E'romﬂe hitsPr/ous 130, or
ot her regul ures o e second 1/0O bus 130. It

or hat dj usts ot her .feat
Shoul d' be- airdah AR KRRl T S HAED LBy (B ARPUBTL o1 nal |y 10
t he bus bri dsg@tethl@D Acoamdtingprtroller [X1dinks thecoatphedsysesth 100 td he present
i nventi on, b r Cl buses. The
bri dge nenor fE‘tc}%rsﬁ?) ?o{)#éééflt{fgsp@mng? gn%glﬁ C§§ %Oﬁéﬁe)ml%lh@pﬁ ag devi ce
controller 1@$laml®rq0dgelldr232 lmualedtt@ﬂmfestd@b%r’mlf he dispjdyoar d
interface 1?ﬁ%mc@'&9m?dlﬁlr@2@91'1&6§édu§ﬁn4§ﬁcﬂE A)C@Hmtl@'thc%ﬁ;p%@rgwnems t hat

i nclude a storage space - ect i gure 1, storage spaces
150- 156 are ONGAA 2¢ts af a& jnégstace betwaen heéfspegﬁéwet: Ayl @5%@%@ Befem
conponents. {do. srheutsglalgeieaﬂaeb@moakeﬂtay bak nwhotiag@e agpﬁesdjﬁﬁ—(ﬂzﬁmﬁay reside

external to th orrespondi St onent s orage space
in the conptﬁae‘f “§§?LQE§H%§2§&6§%’§?{3§% ﬁdﬁé lghagf%{%'t ‘f/sa‘}df’@[ef ﬁ%(i?‘%};\ti gg aIO
power nanagerehtansk@ndedograpties aronpXiCek) @yderanha digpoyeieyse cielst.or age
spaces 150- 1A dighfa )Pl 68 emlstmysepgcaapﬁtemoﬁt@r;ﬂadp%tu onal

i nformati on suc ower genent capabilities and sett s of the
conput er sysHEHCHRY é’ﬁﬁpla)’lftcvé?ﬁoah%ldﬁélaéﬁﬁ‘f‘%fciea@é@ dapetie B MUt er
system 100 rmscdqttf;rh@qiem@n mmh@tayqfevké&hkwestmﬂthda@ﬂa agd of the I/0
buses may include X 38 Hown C ut er Sﬁstem g(g)nponents and t hat
each of the '8 tt"e“r @@% eZVitt (o) %Hteéc’ﬁ’g\?%@%‘s St et o have their own
storage space to Atserondd/(ybbiuB0imai eed single dupaveetonttamaige e ninltgliat e of t he
conput er sy C g&ﬁ]’l ents include
at | east onzg Egnc/?%%ﬁ aRle Efﬁg% ?‘Fdnfeg%ggqg@ga coﬁ%?;&??g&?g}?f'ﬂt he conponent
perforns. |tPEM&IADUSI sDuBes, aﬁp’ri@cba&e@di‘bhaﬁcoad éfé}ﬂ?}t}t I8P psg¥desm conponent

may host rmlédntth@mtdtmtunﬁagetwlséh @orﬁlsaneﬁtthrpme%@tb@teaqﬁeﬁpmoem system
conponent host

gne f.uncti uter s onent may
be confi gur elazygazg ”tth'é‘tceelé h“’t?fbetarﬁéiyg?ﬂﬁgf nglcg'gﬁp‘heé\yﬁy?%één st or age
space. Fi gurhekeyboad itardicedBagragrbeialdedisaedtievige arahh vaide umminhas 210, 220)
230, 240-242, ml f i Accordi ng
e e enbo ddév”é% @E@%J&%&Hu&@%@bﬁ%ﬁon@o 1&“%3 ngt?c{%d fn%\fﬁt@% ttgr“ syst em 100
(shown in Figjloves cmuplmgrpfrae@pxbmétqkbetchlepwcbiyémoqu@m tr(astsmumdatm Figure 1)
executing Seﬂb':?dn&ﬁém%fkcgﬁéérﬂ Wihh@@ﬁpﬁt@%y@leﬂﬁbd UAB&@ stPJF@rd)évéé@ {shown in
Figure 1) represente sof tware uI es 0) 230, 240. 241, 242.
Such i nst f ucEBRS 2 Ha tik Sraer® fIAPRY SifleCFikind RO i GeTish memory

conput er - r eagaidetor B 1SS Sio@BPe asvickatAn Sidi egerolievi Bepkddestshown in Fi gure

1) or fromac .29/ 1 187 RCTI 98/ 14681

connect ed toC(thﬁ%q%S{t%reﬁoryl\o at“ﬂ@ aHertgv%rS Légrlﬁ tol TEP lefﬂ thel'—_lM:@(l?u? ?3791 of the
sequences of i nst Auesibodge Eoheipkee dhe first e bue A2 tp the Scondi¥E&sbusHE0pr ocessor
to support WM\?Susrﬂ?‘mgqaﬁ%era@§ oWdtfer Qt?d ﬁ%%rdat%es%nliﬁrb%ﬁ;éeﬁrthe fifdt pbt ernati ve

enbodi ments, hard-w.re circujt ‘ﬁ’eﬁ used pl ace of or in $0m| nation
O

with sof t war BUS i?8and s gsqeng BO; brﬁ‘ﬁllé m the Pﬁ’fségfé'r‘(f’ of HiFsPGester 19hus) the

present | nveiéﬂd mbpesatmgtsyttbxmrtnmdnct I e prospRet f016 eddce aieniy of har dwar e
circuitry an

10 ts f th
conput er sysf Oglﬁr\(l)\@’%hg’ %t?r"h f‘haé‘g soéﬁtn gi@“ﬁdﬁgg‘ésaﬁtoﬁgm?é mcgs of et he
conput er sy sfisurddOistsehmdiridign conrdteted ¢t sedong I@twsall'J‘Doa,ﬁa;mndmgde ahar dwar e
resources angmﬁé’cfugt\éﬁ{&th@&?%?ﬁﬁent&Fb&’ [ el 1NG xﬂﬁe@@b@&%ohl}&lr%@s

i nformation regar unctions I'n e conputer system 100 and the
activities aH’ét RerItes ‘ﬁd@@dalﬁgﬁ s¢FnddO %I%ITI’@I‘J&&'E% éthH@l“@%Y bsfa g

function is a future activity that the function may be required to
participate in based upon present applications that are running in the
conput er system Block 220 represents a power nanagenent policy manager
that resides in the operating system 210. The power managenent policy
manager 220 uses information regarding the functions in the conputer system
100 and the activities and anticipated activities of the functions to

|rrpl errent a strat egy. to conserve power |n the corrput er system 100 The

o o o o o o PN 1 r o . o o o



WO 99/17187 PCT/ US98/ 14681 1 ~ MAR 2002 According to an enbodi ment of the
present i nwempdtms7 t he power nenagenment policy manager 220 a&yingsys/1a6spover
managenment state to a non originating device function based on the
activities and the anticipated activities of the function. For exdmblMAR t2§82
power managenent policy manager 220 may nonitor applications that are open
and determ ne the functions that need to be active to support the
applications. The power managenent policy manager 220 nay al so determ ne a
period of time that a function nust be aple to wake up or transition to
anot her state and assign a power managefnent state based on the period of
time. Accor délngk reguldtorahas adiusts the speed diseprnaldépbus Bbeapbwer regilatopover

management pgl uﬂ?ﬁ@%%(vc?%(lh@&%bﬂd‘ﬁoaou@(i@@ror%ﬁt&?&%ﬂﬁ[ﬁr tfdt @l@sts O an
originating device function based gement stat es of

functions coﬁ‘r’i‘%t:fteét’:l‘“tsd’ .tt%‘»eammlé@Peeh%%déshost%feapgwcmdqhﬁém B device is
progr anmabl eregolatc@d6B a:tz@ rediGe &QEMABPONRE B\ Bridg: b2, Atdwdxn@tw managenent

fovi ob. " Accopcabsuma Pl piet Bt o FENFLOMe bFuR 2Sgned 1o

an originati Sﬂ}OdeVQ@JSfa;mBCilbmess one that is as active as the nmost active
power management ?B@Bﬁd%sx%hﬁe otnﬁol‘l’erfllf'i‘cﬁc't@&l\“c%lﬁ‘t'?ﬁfétr?dl tcﬁ’st eVfdePus

downstream fromit. f;? | ows "t he bus corresp ing to the
ori gi nating ERAH O lgr t%- 15’@5 T“é%?e 3 ﬂatastsmeldews%@lerlremoasqlafeefa%é »support s
the activiti gsd afdid ttﬁnﬂwsxttwcttrt YEpuleIGlsten cempa@&ttsaﬁaztxﬁundeaﬁ@@gé ding to

the present inve ower agenent palic 20 explicitly
sets and det ¥MHf Eé@q?ﬂ MY‘“H&W H‘gﬁr S@fﬁpép%cfgéﬁaill?%rﬁéﬁmﬁ Rirtue of

t he ori gi nat rmgiedemeue:oufespdmdlmﬂlc@ﬂpusr sylsteD borspeneatse Ittspipitlddkel y t r anspar ent
to software §;§> gattxd #Hﬁ?stuagc %ﬁ%&sc?s% ARndHRGHE S8 mGABT éo%qﬂso?\dtnbe 170 bus
are enumerated by so resent 1'nvention enab e powe
-managenent pePMBYCHEYSEFEFOIRDERLS am SIO@SHFRIEE HEhE AOTBPHERSYSIAMas t o t he power

nmanagement SE:@tasoretnsepgmv&e st Dalse aﬁlcueltdd powalmBhddigent ReeRPIRI
managenent state of tf a bus | ocks 240 ﬁ) present devi cg drivers.
v

Each |/ O devF¥BPYfF §5ﬁ5“b‘69%?ﬂ"§?tss§ SArage BPATES r‘P‘t'% By %5 i ce
driver. A dewiagdedsedorsiopedditien! inforalatiomsidhes ppwexammgemmt em2l0 to
communi cat e X‘ﬁ;}ag%ite%m?a% %'P er?:gmllﬁy{ltgr g?s}’énf?om@n%ﬁxr it dguRGeer management
policy manager c power “managenent
state, it i nﬁmrn@atﬁné‘mt:thercewendmgnd Bay wFIUOEﬁﬂ)aWCFPﬁHOMr

management stad @t &idh o'fttﬁ: I?@'Bﬁstek%ybﬁ&u&%Sl nhﬁ‘ab&%f%lo&ﬁ"comﬁk@rﬂ@ Lee driver
responds by preparing t function for the targete gower managenent state.

For WO 99| E%W@W@%Fiﬂ%‘éi CLOmMPHQR SPHYD © m@"“e“ CFONRBERC a
function is tcahizg/ettlmir 6\0|ﬁ stargge weice MRfGgananie isdiatiag wipewer pansgement t he

function is e i river ant data in the
function so % %t;t qer\/\}'ggm(r%gtﬁpgreen?ogfc‘% Wwﬂ%ﬁéﬁ gﬁ is targeted for
a power rranagememenetlatledmmé&ra@t ¢rie fumctiop thpe 1szdgdiRehasd: sPewhis b thatdet | ve st ate)

the device dEbfﬁSBnéﬁ@ erb&thds! ?t%%oul@'a?s%%@%pﬁ%&ﬁte&l a3k 2 Wes éz@r"@‘éteﬁﬂ onging to
the function and restore the d unctj on so ? hat "t he function is

fully operat FORBPRRHBRY \Reﬂé“‘t}]dp %‘tn%‘ﬂt’a%leia aﬁéu%{b’ﬁr‘@t?f%% EIRULSYHAR devi ce
driver may beompﬂfdngbdis&dmbﬂ: thed &rtcrfnhatohemebambstet stelrcompontntamaytte pr epar e
it for transi t| n| g i . ﬁrz1e0>%tI Power rranaa %‘r/r?elpe Owntsomﬁfst er t he device
driver has c§ Sutc {55 % ?é H é‘ FOnC BT % he targeted
power rranagerrent ﬁatrejl is heloqbdtatgemdrliuv@atlmegﬂtﬂateemd% ¥19n220.830+4 0 t he
condi tions r %U'z&ﬁ’%@!ﬂeﬁﬁn@%bd@rﬂaﬁ%m rgﬁ&%ﬂhﬁvent“@&%é’do%n B G

enbodi nent of the ent 1nvention y require not accepting or
vener ati ng aﬁV‘bP?'éltef“F POYT THBAZEMONYS PRI LY dbe "E%“R“FFé systend@Qi ce)

regul ating tmﬁxo@drnﬁlﬁgnﬁetlblm rfemu w‘thepfocéﬁgul@ﬁ(lshlgmpﬁmguﬁeq)t he functi on.

According to a g E‘Y“}F‘ esrﬁln mtntlogv\ﬂ)rehct“nrefunctlon IS

an originati r?éecd’ Ogé%q"tﬁﬂ?ﬁ?t 8}? NE-\ £V FB°Busy 'thT's” e

addi ti onal | y higgeil) eenrmnted(bwlsngwarebusdulaﬁmaﬂlﬁ 230, 340024}, h@ﬂnétl'clmg devi ce

to further r St § at e
ffﬂs‘ﬁb@&ﬁte rhfyﬁé b He %M@Wﬁ@ﬂ%{er ”@Qt el the

corresponding to t bus. Accor to an_enb pr esent

i nvention, tH& ?ucﬁéﬁéa@ﬁ@ﬂgeﬂﬂ’icé)} htshayan E‘ZErel ln or frees? %P"é?“é%"s driver
t hat corresponds to each of the device drivers 240-242. The class drivers
operate to comunicate with their correspondi ng device driver. It should be
appreciated that the class driver could reside internal or external to the
power managenent policy manager 220. Bl ock 230 represents a bus driver 230
of the computer system 100. The bus driver 230 nanages interfaces that are
native to the first 1/0 bus 120 and the second 1/0O bus 130. The bus driver
230 di scovers the |dent|ty of the I/Ofunctlons connected on the flrst I/O

S A NN o o o S A NN e Y M r



WO 99/ 7187 PCT/US98114681 1 '+ MAR 2002 _ 9  function nmay be read by the
power nmanagan®nt7igiol i cy manager 220 to deternm ne a power nNAIrAIJAIS3Si468t at e

of an originating device function. The present invention provides a net ho%
for managi ng power to functions in I/0O devices and bus bridges) and bl¥ARs 2002
in a conputer system The power managenent policy manager 220 (shown in
Figure 2) may utilize information in the operating system 210 (shown in
Figure 2) regarding the activities and anticipated activities of any
function in the conputer system This allows the power managenent policy
manager 220 to devel op a strategy for power managenment that is inclusive of
al | functi on®npertechte th@nmwpdfrvi@gk@tr@morﬁgommibrtlhhtﬁ@uiim@f thased on a

sel ect gr oupeQfienbtQdRMhRASnYonlaielih BRSmerhbiySy1 3286ke8 thel frRed&¥ G ES Wi th new
functions that are connected to a conmputer systemw.|| be recognized by the

power manage¥ERIT POV AnrEARERr 2528 Redeggried pspfters dp altefpathbwer nanagenent
][equi renment Semti‘d@l%hﬂﬂs,&ﬁftﬁ@&etﬁcﬁiﬁ?n&@ﬁc\ﬁkéd BplABGf aninl dhfdaiatidn aGthi vi ties of
unctions in a conputer. systema t he power. magagenent policy manager
290 1o accurSHaRF BETEreRs & ansrart YR e R SRR be” act ] ve and
when t he f unavémionnayot bigniied ac anwspecifihicembinhuewsoft haedowercuimnagenent pol i cy
manager to dseo\t‘t%Ja?ﬁ an aggressive power nmanagenent strategy that increases

0

power savi ngs w ut interfering with the performance of the conputer
system 100. | n a Blogk@lQ expresanisan Aperaunsg sysisa ¢frtae epmpytpryaemol0- t he power

nanagenent pphd pérdiReagfEm240 niiRRRthSrebbitCesRARY cofRg 8yReh 180 ates for
functions in Bge.c?'%uter ﬁﬁ“%ﬂ‘ 00. Tr}??fgé ve gc(rgwer magagfement states are
Do, D 1, D2, VBSRatclde B 2GhH S T IR BPRUTEPSAPE GO W2 he or der
where DO i s tebmiroassThaoperaengssyateen 21dinEldded idfdrmatidrerclgedstg tae funegorst at e. I n
the DO state HE%' i } -atitonal, - T [.Qn y accept or
generate tra’f"ftﬁcpéo t‘lhrcegp?[;:% l@gghﬂh%?]g&@%sn%gt gldg;p%eé iélzﬁlh“eg'nég? ons nust be
-put into DO m&mﬁ@db\éﬁl\n@ af @dunction ig hisupe QCl%fattb,ﬁ,l the fupgieningay es in | ght

sl eep. The fééaﬁi}éoqe ;ﬁﬁb(:i;ﬂfétin%ﬁ&@%oﬁ@%séﬁt%@;ﬁﬂ&li@ﬁs (HANSE AhRin@MYwhkr affic on
the /O bus It 1s connected to, and power to the function is reduced. In
the D2 stat eSOPPHYTYEF®n is in deeper sleep. The function may not accept
any traffic or geBrRicRRRO fdpyestiitah pbweOmahdgementPdiog mahages tmoreses md t o,
power to the functjion is re d)_and the clock t he fupgtion may be
stopped. In &“ﬁ&PBéh?ﬂ Systc‘?c_ é?&;ﬁ}e)frlogﬁé)nr?nlg%ﬁ?eﬁ??ﬂé&l%z\'/\'}egff'r “ﬁ'g\/\"}lé‘?sponsum ng
state with fufdrmatorreganlingibe fingtions, in Theecompuear isptiermi 90 atrbihie apteligssant dat a
cor respondi ngyd gy el YARHHQT i WohARhd FlFIdH YSOREAAGRInskrve VAR 2002 -

| o- saved berore nterln(lg t he hot state to prevent |losing the data. In
the D3col d sPAY¥ ipokeiompyter sysRrad0fr bR PRNErdRARR RN iPelCHBERa8eE 3D f unct i on.
I n the pref edéfaeds arbradipo®ei mahagehRnitasehit thovemnpitongystehel (@aoupportsanagenment
policy managxfé 220 al sg su or%s f our $ [ yanagenent stgt enisg‘aorot he 1/0
buses i n the ' CORPUTPIEGUPHPRYG MHMECE o SEERT BROUF N BFFTEE S0 and B3,
wher e t he st etchf drecfuhétmech tha computer ghsrermiidil. elBGel of fower masageaent ve state
and B3 is th 1 orHB s fully
oper at i onal gﬁ%ggﬁ%oﬁg%b%ﬁg%g%ggﬁ%e a’? tagbtq?rc gtrrl@ggﬁr(iﬁg.nl a?%{hﬁ% dl_% 1 state,
the 110 bus fey asdwe stasgaech pssansactive stalsnd ap inagti vy gtate. hbg 34NE S@EMABEt ed to

the 1/ 0 bus) bbaymearas AQtalisshdré BlrTagdt0ANSTUAN @padalions dnd filltpder Bl ace on the
I/ O bus. Inthe.g% state, .t In the B3

Be cl oclﬁ. to the 1/0 bus is.sto pe?.

state, power SYPRUSH PP BrRiOBm B iRaGUNR L4E “?X?Fﬁéiﬁg%e(ﬁl ‘#35 ¥ 170 bus.
Accor di ng t owhareahdbhoictienis paftiatih epgrwseht To comserve powet inehepipagive managenent
state of an S (s - WM Qe qgsrg-ént state of
the origi nat %Tlr%% Qg\iquggﬁgffc %ﬁ@%ﬂ%&gﬁiﬁh}l{[ﬁ%ﬂs&%\%ﬂéﬁ t henggﬁmr ‘managenent
state of thehpiaddde claskde thedapationmpayrberegulpted down, oF powgusupplied tojthe po. D,
D2, or D3 ( R&RAbn Afay B3eQIuEdd. It fiRduRPMEIpprRIRGERRthe féwwdrendagdrhédtbus 120
(shown in Fi %ur.e 1 may. be gleterm ned

Y, to be BO, B1, B2 agd B3
respect i vel y PORSY, Biperesr SA0oALNSPESAR! IVERLAN TRY SRPPPYARY PHRBeT SRR Shanagenent
st at es suppotiaadgzdmenastaestinddefdrtangknd e type s eortditionsdort the funciéersandi ng to a
preferred e i resent invention where conputer system
conponent s ﬁ% oﬁ%ﬁeﬁgﬁt&gﬁgeim- 133 are PCl conponents, the functions in
the conmputer system 100 conmuni cate their power managenent capabilities via
a standard PCl configuration space header |ocated in the storage spaces 1
~0-156 (shown in Figure 1 ) corresponding to each function. respectively.
Figure 4 is a block diagramillustrating a standard PCl configuration space
configured to support the power nmanagenent according to an enbodi nent of
the present invention. Abit in the PCl status register 410 indicates the
presence or absence of a capabilities |list. Wien a capabilities list is
present, the capabilities pointer 420 includes an address that points to a

- . o o, o —— N NN PN



WO 99/17187 PCT/ US98/ 14681 1 4 MAR 2002 -- | 1- linked to the list includes
athird fi &YQ9%1Ha87 stores a third value that indicates a povRET/ussadSIent
state that the function is in. It should be appreciated that the cqnputer
system conponents 111) 121-123, and 13| -133 may communi cate their powdfAR 2002
managenent capabilities, settings, and states using any known techni que.
Figure 5is a flowchart illustrating a nethod for power nanagenent
according to an enbodi ment of the present invention. At step 510, functions
correspondi ng to conputer system conponents (1/0 devices and bus bridges)
are nonitored. Specifically) activities ‘and anticipated activities of the
functions are nonPEEFEAS IpEHRAdIGERtES Hie REPESBUNMERON Fhe PAWEDH esent

i nventi on, iﬂfa@cfg@ﬁfeh%h@?ﬂiéha%eh%@ 8R1¥nk b power Mhhagbmendstieid Lisn-i n the
conput er systemare obtapned fromthe operating system of the.conputer
system The %?W%Vlgﬁb‘k"éﬂ?’}%@g@sﬁfﬁ ‘Vﬂtéeéd‘ﬂawsanﬂ?‘p%c‘éﬁﬂ'bvd‘feélo syst em and
i'ncl udes i nf defEidtion. Fexgpxaohiplegthe ipewetumabagementepudicy eanagdri220Dtmays and

anti ci pat ed ERVAR N ~ i i ] At step
520, power n@%glgjaeér?é ﬁgglgst[gg%é%@}g;&s]?gﬁg P %nlt%f{g&gfgﬁgc@%toﬁ%ﬁt@g%or ding to an
enbodi ment oRCtivhE PIPEE Hie apRIkaHPND Nl NEROWEF MaptesHsAEPRlicy Maaneser2?8 assi gned

t 0 non-ori gi may kR detenhif€ a berisd dfAmEe GOMURAERM hikt Be BME WPRardupfion the
activities and anti Cé'g&tf“’(ef% activities of the functions. Aqs step 530, the

non- ori gi nat FHYHPEVP (s B assigna PR IPARSEIIFNLSIUsRA5ed BMSg i nto their
assi gned powpgriodefaigenent states. According to an enbodi ment of the present
i nvention, preparat.i f Lt ]ani j . de ing relevant data
in the function orﬁEéog@R 5?‘?%‘%@2"?@%@&53}% té)%t%ﬂ{elﬂgéunxlgp 1 %ﬁ&\ggrepar ation for
transiti oni napagemisat pRdicy oranegsr B0 aksigng & PAVEO/BARAZCHENSHYOIHING t 0 t he

non-ori gi nat ynengai deict aiHelibPPe®bn bt RWREMakARWRNCLAELHE fuXciRins T €ChNi ques.
At step Q40, the non-originating deyice functions are regulated to the

condition defGNREEEHIP SANNSEEAR Bife P IHEWIBOTIFHIRHBE Apnee 18 PERZEENMARER ding to
an fe][rbodi anegﬁfaédi&&ohéﬁﬁ)?ﬂhgilmmt ih@l’p)awée@uh@ﬁhﬁ?t poRy mhgaggzba! ti ngI daL a
traffic generated by t upetion or sent .to. the fungtion. usting cloc
speed to t he™fUht uF en%nhlg? bﬁ%ﬁ%rsct"lulﬁgn%g%%ﬁb’?%l%ﬁ%’vHc‘fmg\f‘foéﬁ’bg%éner egul ation
may be per f oemeatlilpgniddeipowetmanagewenitateaspignel eqntasigitagnadevics i gi nat i ng
devi ce funct hapidH isBie BahR'as KARERs Herfidk sétwegbwr:ﬁﬁmg%@&- sft step 5-0) a

power managenent state 1s assigned to an originating device function that

regul at es t hessigged to,ﬁ?c%iatéﬂ’}‘fij’“f“’c?‘%foé%]é@i%H?W@ﬂ"cf"lﬁ‘gr%? dsdmis poigent i on, the

originating gewiage /0 icoRespdndiag toahe driginmawede v FB G BE pRELd iataglowvet hat

bel ongs to a_nost active fgnctil?n connect eg to the bug. WO 99/I§187

PCT/ US98/ 1468MABCHCRIFRS (3bsuPPOrfs the aciivities of thedpost igive Junctipr Comgeied g ¢ o

t he conditi ow itdefAcovedindto the prepennvaTventora erponer slaaigenesspaivydndnagdrhe

originating dgyl : ol i L r invention,
R SR ) B L R Rk SO R IRTbus

regul ati on may | halting. t usting clock speed on
the bus, or ¥dpesf thsgrigmaeng deyiqerd theuldO by l/Q dywsafg WRICAKY UBSPHERY or med by

a bus regul atgofidard K3dnf the /0eddvitgs Sheyfubrichis coneticBad tHe®/ bes 4€1 gi nat i ng
devi ce or by other description) the

( _ _ kggv\% Ci rc;gfﬁtr%. In the fore]?mhn% ! _
i nvention i sCERERES BY SQHWAC SRGPTEHRILINVENUGRERRRIFS the PRWHRT BAVASSISRUI ment s
thereof. |t polidy, mdimpen220 to Oerive\prabesetinfolrastionassitoins powdr fmacaemens and

h ) . ) frar . S q
changes nay ptgter@q%é\}en?f@&&a‘é‘»&eﬂ%gtalt%ﬁ'%atﬁ‘%h Ir{r{uﬁiémg,éarg%letg@%% g it an

scope of the prese I'nvention as se or ans. The
speci fi cati oBus&ind drawi ngs are, accordingly to be regarded in an

illustrative rathglock§ad0-847 RpekérideViBe 8@NSE - Each I/O device in the computer
system 100 has a corresponding device driver. A device driver operates to allow
the operating system 210 to communicate with its corresponding I/O device. After
the power management policy manager 220 has decided to change a function's
power management state, it informs the corresponding device driver about the
power management state that its function has been targeted for. The device driver
responds by preparing the function for the targeted power management state. For



1 4 MAR 2002 13 What is claimed is: 1. An apparatus, conprising: a first

regi ster hawoog7s7first field that stores a first val ue thatpgmikdogatiass a
power managenent state of a bus that is based on a second val ue that

i ndi cates a power management state of a conponent coupled to the busé MAR 2§02
bus regulator, coupled to the first register, that regul ates the bus
according to the power managenent state. 2. The apparatus of claiml1,

wherein the bus regulator is a clock regulator that adjusts a speed of the
bus according to the power nanagenent state. 3. The apparatus of claiml,
wherein the bus regulator is a power reégllator that adjusts power to the

bus accor di regamplet whema fnctiomisdargaied forst paveer mnagmnappanm@pmﬂcl aim1,

further corrnsufe'fnactﬁm%@&pmea@&a%eaeﬂ@e/mr%a (rﬁrﬁ"dﬁlatnlf'ﬁ'nte stores a
third value that 1ndicates power nmanagenent at t appar at us

supports. UW@“&BM&QW%W”E’P%%‘% WH@“%’@H}&?%CWS &r 3 PAWS regi st er

having a thlmﬂmﬁmérd sta@@h&&@rlgﬁ)&iﬂkéﬁdm N@huﬁldabme dufiélitedevfeceWhet her bus
regul ating f nctions. to uter system

conpri si ng: ANVF ey Tgijeve rﬁgﬁ?ﬁ% élgar[ W@Bﬁ?)‘fcgé’c OBgIPﬁéO ﬁhF ?‘é’ic"Bﬁgnrg)a second
bus; an apparsierashe daipl tbe fingtiomeo thar the funttos sdoldofruaijonalnglondiakg a fi r st

" egi Ster naving, gholid 8 agbheld MRS HeViEarbel i be YalHBrd 18 elelgl cat es a

power rranage e second ased on second val ue
t hat i ndi cat%@eréasgs&meM&g@mmpgpatf@rmnswowgp@tﬁ@mexmwred to the

second bus, rﬂﬂﬁoé&n&u%tzﬁ@%h@ﬁtﬁé dev@UH e hds@otdpedd th§tasxsem §tte?£nn°t hat
regul at es th according to the ovver 7. The

con )
conput er éﬁ%ﬁ%%‘ﬁ%f"é%ﬁ‘%%é’% hMERRECBl Sf%@dli‘ea‘ﬁled Ce| dé“’%\r TEEYRRS r egul at or
t hat adj ust shafuspeerdtoche tévelitims osyphirod by aecminetr MRnigemenestiowArcordinggenent

state. 8. Thg 489%8&% XF&SB}e%m%%U{xgmhxX"ﬂﬁg% u.ryﬂ& &H@z@g%ﬁ” ator is a

power regul ator that ng to the power
managenent sgca@réﬂnganynm:fﬁ@@wml@ buseanaestesd dehtaVQlCBVIC¢ ueguaingdlmpri si ng a

second regi Y&k Haw fdcidorS 6£RBAIafihEhSwNB theShiRiRS, Ackdidind yahue t hat

i ndi cates po mana nf states that th par at us sup Sor t 10. The
conput er sys“;’,\%ﬂ B?C'E%gqe}?]@esef‘i}?‘(%mé‘&?ﬁr‘ s ‘E\Q“%P AP PHENARREIICehayi ng a

third field ﬁ.li‘icaionslhzﬂrmagcsfdmlﬂm buy, aihisl naly haditibmadiyaeduee 1mthﬁgabm
r egul at | ng frgpﬁgtopgﬁ the orxtak}l%txgyac@& toq“nl%'?elr%yu?a{tesﬁg llfdjbugjlg'a secongppar atus,

conpri si ng:
power management state corresponding to the /O bus.

According 1o an embodiment of the present invention, the power
management policy manager 220 includes a class driver that corresponds to each
of the device drivers 240-242. The class drivers operate to communicate with
their corresponding device driver. It should be appreciated that the class driver
could reside internal or external to the power management policy manager 220.

Block 230 represents a bus driver 230 of the computer system 100. The
bus driver 230 manages interfaces that are native to the first I/O bus 120 and the
second I/O bus 130. The bus driver 230 discovers the identity of the I/O functions
connected on the first I/O bus 120 and the second I/O bus 130, and the
requirements of the functions. After a device driver regulates a function to the
condition required by a targeted power management state, the device driver
informs the power management policy manager 220 that the function has been
regulated to the targeted power management state. The power management policy
manager 220 then instructs the bus driver 230 to write a value in a storage space
corresponding to the function that indicates that the function is in the targeted
power management state. The value indicating the power management state of a



~ 4 MAR 200z 14 neans for storing a first value that indicates a power
managenent W ig185f a bus that is based on a second val ue t lradTiS9d1 €581 €S a
power nmanagenent state of a conponent coupled to the bus; and neans, for

regul ati ng the bus according to the power nmanagenent state. 12. A bt h¥AR 2002
for managi ng a bus, conprising: assigning a first power managenent state to
a first function of a conponent connected to the bus; assigning a second
power managenent state to an originating device of the bus based on the

first power managenent state; and regul gti ng the bus to the second power

managenent state assigned to the origindfing device. 13. The nethod of

claim12, wienation maydegeasibycghe pew¢rgndnagemens pphiviemanraganidtedeteshiate to t he

ori gi nati ng qRWef hafifyERichS e 862 &rz%'iﬂan{gmemeﬁ%hsﬁ.nati ng device a power
managenent state _belonging to a nost active function on the bus. 14. The

met hod of cl ai m 121 PRFSERENYENEIAR PEYVESS methaesl fon mapgsihROWRIdO f¥nctioRs power
management i #Oededicss gebud 9idebs afd baden ad h BOMPRYT SBteBOMHd sod&ri Nstructing a
bus regul at or on th&: olr.i inatqi O&er\)/(; ce. tlp re%gl at e .the Eous., .15. The net hod
of cl arm sopaapemd PRl o witin FpdeE Al il B Raiatin ey on
for transititonopegatingtsysteme? 1Di(stownpomegurardnmgadmgtthesacaivaies aegul ati ng t he
first funct 'aﬂﬂcigﬂe& ivﬁders%?argpm?tjcfmﬁ tc?ts?sﬁ%j[}. ﬁfﬂg AbhE iR a value in

a register corresponding to the first function ndi cates that the
first functiPoWer Bapagemsat palicy manages 220 Eneryelapritstgteqy £0r ppgver The net hod of

claim 12, fuhdda@ém&n it isSihél0sivd6f S RRctUns W ihk icB@p@erSlstéth, nbr Gheftipdi St er

corresponding.to the originating i,ce that. indicates that e originating
vt oo ot oS s maed P e Fecuieht U HEed iR s Ly addrop 0
conput er - r eatdaickewie dew Mintavnnatstrocaohetthe reencons@ogrepges vafl benst ruct i ons,

the sequences ohiLAG! [Héﬁ:[?\\}épﬁxah&%h}éﬂ@ é}gickp:e E&E‘Ptzizﬁgéwp’ﬂéhgi?g?é@ﬂ‘?” execut ed

by a processor,” causes the processor t rtormthe steps oOf assigning a
-first power ReditaFentasmest maeramens. fiavang deaereto BA A vVinescpapanepiet onnect ed
to a bus; asgliGbdEr AnGRBONh AMMRIierTHASEMBAS thetpRWer fndnARmehi ghlidpt | ng _
devi ce of the bus ,}gﬂsed on tl{(\ra first power nafnzfgerrent s%at ﬁ; and regul ating
the bus to tRE3EFCONIC PTHEIC HETSTURE MCR  SREILSENGIBFES P Re 2D Egi nat i ng
devi ce. 18. ahdevheonmpufhectionaasiald imacrivdi Thisaliook diepolvér mahggedient pdieyst ep of
assigning t SIE M oS 1.Qi-hatd i conpri ses
assi gni ng tgg ?rﬁg(\ﬁﬁéidgﬁgr?l ng’%ees\?/libgégg&rqgér{e}ﬁeﬁéﬁﬁggggﬁ{hgtsl{tagr%ég& elonging to a
nmost acti ve Howge sdvorgsorithodeintegiering ayvith the performance of the computer system

100.

In a preferred embodiment of the present invention, the power
management policy manager 220 supports five power management states for
functions in thc computer system 100. The five power management states are DO,
D1, D2, D3pot and D3¢old, Where the states are listed in the order where DO is the

most active state and D3¢old is the least active state. In the DO state, a function is

fully operational. The function may accept or generate traffic on the I/O bus it is
connected to. All functions must be put into DO before being used. In the D1
state, a function is in light sieep. The function may not accept any traffic or
generate any traffic on the I/O bus it is connected to, and power to the function is
reduced. In the D2 state, a function is in deeper sleep. The function may not
accept any traffic or generate any traffic on the 1/0 bus it is connected to, power to
the function is reduced, and the clock to the function may be stopped. In the

D3hot state, a function is in the lowest power consuming state with full power to

the device. The function must have relevant data corresponding to the function
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B3, where the states are listed in the order where BO is the most active state and
B3 is the least active state. In the BO state, the I/O bus is fully operational and the
I/O bus supports data transactions. In the Bl state, the /O bus is idle. Power is
still applied to all functions connected to the I/O bus, however no bus transactions
are allowed to take place on the I/O bus. In the B2 state, the clock to the I/O bus is
stopped. In the B3 state, power has been removed from all devices connected to
the I/0 bus. According to an embodiment of the present invention. the power
management state of an /O bus corresponds directly with a power management
state of the originating device of the I/0 bus. Thus, when the power management
state of the bridge memory controller 111 (shown in Figure 1) is DO, D1, D2, or
D3 ( D3hot or D3¢old), the power management state of I/0O bus 120 (shown in
Figure 1) may be determined to be B0, B1, B2, and B3, respectively. Figure 3
shows a table that illustrates the power management states supported by an
embodiment of the present invention.

According to a preferred embodiment of the present invention where
computer system components 111, 121-123, and 131-133 are PCI components,
the functions in the computer system 100 communicate their power management
capabilities via a standard PCI configuration space header located in the storage
spaces 150-156 (shown in Figure 1) corresponding to cach function. respectively.
Figure 4 is a block diagram illustrating a standard PCI configuration space
configured to support the power management according to an embodiment of the
present invention. A bit in the PCI status register 410 indicates the presence or
absence of a capabilities list. When a capabilities list is present, the capabilities
pointer 420 includes an address that points to a linked list of registers 1n the
storage space. The bus driver 230 (shown in Figure 2) traverses this list to
determine whether the function supports power management. According to one
embodiment, a first register in the linked list includes a first field that stores a first
value that defines a set of power management states that the function supports. A
second register linked to the list includes a second ficld that stores a value that

indicates whether power management in the function is enabled. A third register
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power management state that the function is in. It should be appreciated that the
computer system components 111, 121-123, and 131-133 may communicate their
power management capabilities, settings, and states using any known technique.

Figure 5 is a flow chart illustrating a method for power management
according to an embodiment of the present invention. At step 510, functions
corresponding to computer system components (I/O devices and bus bridges) are
monitored. Specifically, activities and anticipated activities of the functions are
monitored. According to an embodiment of the present invention, information
about the identity of all the functions in the computer system are obtained from the
operating system of the computer system. The operating system manages the
resources of a computer system and includes information regarding the functions
and the activities and anticipated activities of the functions in the computer system.

At step 520, power management states are assigned to the functions.
According to an embodiment of the present invention, power management states
are assigned to non-originating device functions connected to a bus based upon the
activities and anticipated activities of the functions.

At step 530, the non-originating device functions are prepared for
transitioning into their assigned power management states. According to an
embodiment of the present invention, preparation for transitioning may include
saving relevant data in the function or restoring saved data to the function.
Preparation for transitioning may be performed by device drivers corresponding to
the non-originating device functions or by other known circuitry or techniques.

At step 540, the non-onginating device functions are regulated to the
condition defined by their assigned power management states. According to an
embodiment of the present invention, regulation may include halting data traffic
generated by the function or sent to the function, adjusting clock speed to the
function, or adjusting power to the function. The regulation may be performed by
device drivers corresponding to the non-originating device function or by other
known circuitry or techniques.

At step 550, a power management state is assigned to an originating device
function that regulates the bus. According to an embodiment of the present
invention, the originating device function is assigned a power management state
that belongs to a most active function connected to the bus.



10 10!, 109 ()-~)/222242H2rP1, 10%& ()-!, md0% f & ()-z, nPA0%r& ()-z 10GG
10GG 10GG vWed 0965 ()-'! 910%5GS! 0O)-" H224c 4 6K6; ; a?11 PCT/US98/14681
10mm " 10%m®& () - 910%& () -910%r& ()-f @O0%& ()-y@O0%r& ()-!" m)/<10%1a&' ()-
c o J<<w>Ca?l 10mm ° L109%8G& () - #L10%63& () - #! ", 3940% M M& () - !, 39409%&] &) MAR 2002
, 3940%g& ()- 10mm
10mMCFFFF3FFFFKr P1f 10%m&' () - @ " Y40%ESESE () - ! Y40%p&’ () - 240%m& () - 10GG
10GG 10GE 0s10%3G& () - MKLLM-NPPPPPuj _ @ 19409%Z&' () - 10m 10m
10nf/ MLO%r&' ()-M " y9$10%m&' () - y9$10%r18£ ()-
At step 560, the bus is regulated to the condition defined by the power
management state assigned to the originating device. According to an embodiment
of the present invention, regulation may include halting traffic on the bus,
adjusting clock speed on the bus, or adjusting power to the bus. The regulation
may be performed by a bus regulator on the originating device or external to the
originating device or by other known circuitry.
In the foregoing description, the invention is described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the
broader spirit and scope of the present invention as set forth in the appended
claims. The specification and drawings are, accordingly to be regarded in an

illustrative rather than a restrictive sense.
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a bus regulator, coupled to the first register, that regulates the bus according to the power management
state.

2. The apparatus of claim 1, wherein the bus regulator is a clock regulator that adjusts a speed of the bus
according to the power management state,

3. The apparatus of claim 1, wherein the bus regulator is a power regulator that adjusts power to the bus
according to the power management state.

4. The apparatus of claim 1, further comprising a second register having a second field that stores a third
value that indicates power management states that the apparatus supports.

5. The apparatus of claim 4, further comprising a third register having a third field that stores a fourth
value that indicates whether bus regulating functions to the bus are enabled/disabled.

6. A computer system, comprising:

a first bus;

a processor coupled to the first bus;

a second bus;

an apparatus, coupled to the first and second bus, including a first register having a first field that stores a
first value that indicates a power management state of the second bus that is based on a second value that
indicates a power management state of a component coupled to the second bus, and a bus regulator,

coupled to the first register, that regulates the second bus according to the power management state.

7. The computer system of claim 6, wherein the bus regulator is a clock regulator that adjusts a speed of
the second bus according to the power management state.

8. The computer system of claim 6, wherein the bus regulator is a power regulator that adjusts power to
the second bus according to the power management state.

9. The computer system of claim 6, further comprising a second register having a second field that stores
a third value that indicates power management states that the apparatus supports.

10. The computer system of claim 9, further comprising a third register having a third field that stores a
fourth value that indicates whether bus regulating functions to the bus are enabled/disabled.

11. An apparatus, comprising:
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means for regulating the bus according to the power management state.

12. A method for managing a bus, comprising:

assigning a first power management state to a first function of a component connected to the bus;

assigning a second power management state to an originating device of the bus based on the first power
management state; and

regulating the bus to the second power management state assigned to the originating device.

13. The method of claim 12, wherein the step of assigning the power management state to the originating
device comprises assigning to the originating device a power management state belonging to a most
active function on the bus.

14. The method of claim 12, wherein the step of regulating the bus to the power management state
assigned to the originating device comprises instructing a bus regulator on the originating device to
regulate the bus.

15. The method of claim 12, further comprising the step of:

preparing the first function for transitioning into the first power management state;

regulating the first function to the first power management state; and

writing a value in a register corresponding to the first function that indicates that the first function is in the
first power management state.

16. The method of claim 12, further comprising the step of writing a value in a register corresponding to
the originating device that indicates that the originating device is to be put in the second power
management state.

17. A computer-readable medium having stored thereon sequences of instructions, the sequences of
instructions including instructions which, when executed by a processor, causes the processor to perform
the steps of:

assigning a first power management state to a first function of a component connected to a bus;

assigning a second power management state to an originating device of the bus based on the first power
management state; and

regulating the bus to the second power management state assigned to the originating device.
18. The computer-readable medium of claim 17, wherein the step of assigning the power management

state to the originating device comprises assigning to the originating device a power management state
belonging to a most active function on the bus.



