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Provi di ng w6 ¢586R38¢| €d Power Managenent State The presént  ipgaitos/pd2{ €l at es
to a novel systemfor providing a 5 decoupl ed power nanagenent state. More
specifically, the present invention provides a system e.g., a conputer
system or network, with one or nore alternate power managenent states that
al I ow resources of a host IMetheod and ApparatusOP6F Providin whil e the operating

system (05) is in a sleep A AIpled FowerlMaRAGERTEAY tatd™ THE DI SCLOSURE
Currently, computer systens or networks are deSigned to provide power D

managenment functions. Nanely, as conputer systens or networks continue to
proliferate in coreeprseht mventiers reletesitala smtel spstem for pravidingen obser ved
that many of these conputer syste or networks_are often idle, i.e.,
wai ti ng fé desorRled RRAGToMaNaEERER! B8 @Pr%ﬁn;%wﬁ@@m thasprepgnt iBygRYON he
consumpt i on GbvidR e SterROUSY., SBSRBEIFASHTE heforR! FithoRKdiffbrse thal a
user can define a paraneter, e.g., a trne duration, ere a conputer system
w1l enter zalieonate poveeraganagementstatesrthal allow nesdarces ofanbestsystemtgy. To
address this issue, the Advapced Configuration Power, Interface 20 (ACPI)
speci fi cat i JMAR oesxﬁénoaaﬂwﬁtl% PRejpide, sv#&ug(d;g) @dmeeamqea%ﬁgtq- hat
al |l ow operating systemdirected configuration and power managenent. One
goal of ACPlI is to unify power managenent in the operating systemof the D
conput er ,10t her eby al | owi ng BAGKGROQUND QE MREGLEOSUREdware t o support

ranagement | n' t h& GBSy CHPBUREEYLES ChAgiRrks ot dRrioRed 4o PrBiEBoRer

di sadvant 295hafsgdRERfunBorteVINERRelg! £ coMPURASYSRInis BPREGXIS banthussio"or k
environnent, especially where real-time responSes are prized. For exanple,

conput er s i rpralifecate ie gommaernciahand 4asidential settingsetl has breantobsemnarhthat t hat

' h t d, 3 . q. . t t havi
| arge. stor aguanger BB EoIREr sy e BE R Feyoke ré anedidBot andPRINeClr cars or “a
host conmgt ehstAgdtions flonPdugérior @therUedicess T3 Rkluce the consumption of

energy, power management functions are provided so that a user can define a

parameter, e.g., a time duration, where a computer system will enter a power
management state or sleep mode to conserve energy.
To address this issue, the Advanced Configuration Power Interface |

20 (ACPI) specification was developed to establish industry common interfaces
that aliow operating system-directed configuration and power management.
One goal of ACPI is to unify power management in the operating system of the

3 computer, thereby allowing inexpensive power managed hardware to support
very elaborate power management policies.

25 Although centralizing power management in the OS may provide some
advantages, it also creates disadvantages as computing devices are
increasingly deployed in a network environment, especially where real-time
responses are prized. For example, computers in a home environment can be
networked in such a manner that resources in each computer can be shared,

30 e.g., a host computer having a large storage device having a plurality of stored
video and/or streams or a host computer having a DVD drive. To access the
stored video and/or stréams or the DVD drive, a remote computer must

communicate its request to the OS of the host computer. Unfortunately, if the



stored video and/or streans or the DVD drive, a renot e27co 8%? %st
conmuni ca | quest to the OS of the host conputer: ?jr{}_p gﬂ? y, if

t he 27 CE%’&H@)B%%G WO 03/100589 PCT/ US03/ 16521 -2- host ‘conpu erﬁhas been
turned "on" for sonme tine, the power manggenent functions of the OS would
l'i kely have placed the systemin a power saving state. In order to service
the request pgk; &&ﬁPﬁ%?ﬂéé b%@ﬁmfh%"d”‘ohhfor%ﬁe tiﬁ%FﬂE&;gé\g&Pﬂaan?ﬁ\%ﬁt ved or

awaken to an operating state which may require a ubst ant anount of
time. Ther efunationa ofitelOSxweuld likely lzaveopiated Huosystenh ipapowersavirgrent

approach tha rovi des a conputer syst r network., with one or nore
alternate p@\iﬁg R Eh@rﬁe%' githe rq%\{ﬁs‘?g} Mer’%‘i}glﬁ‘)mtﬁrﬁ the ﬁB%tt systemto
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and appar &t sabstantipkamouditrof time.decoupl ed power managenent state. Mre

specifically, th resent invent.io decoupl es the operating systemns

per spective of tﬁ-@%b%a@r adﬁ%@%ﬁﬁ%?é‘f’f}—feﬂi@cw&ﬂ Pﬁ‘ﬁf’r Wlangﬂ%%g{fual

har dvare st gpBrichnBeSovideE s EaApuRi Epbiem biRefRTRUVARBNElor indrest  comput er
can still operate and provide functionality while the host operating system

is "off', waiteenate pbwepmanadgemend states thatiaigwresourees@fia has systermatod user .
The general function of the.operating.system i o interface the user to 20
the host r elAILAPargHonal Wil he dperting Sysiem, @R in & Sespmafe or staley | ¢
appl i catygns where the host resources can service the user or other external
clients (e.g., networked operations) w thout the involvenent of operating

syshem (e.g., playing a CD &M Y OF AHEWNVENBIONent of the present

ntervent] on whel TErER M ehiBRIS EE pistdd BRTRRRRRAs fh e,
al | owi ng t heleBbGSiet poner padrae@mvdietistate. More specifically, the present invention
decouples the operating system’s perspective of the power management state

15 from that of the actual hardware state of a host resource. Namely, the
resources of a host computer can still operate and provide functionality while
the host operating system is “off”, while still providing power saving to the host
system and user. |

| The general function of the operating system is to interface the user to |
20 the host resources for general applications. However, there are specific
applications where the host resources can service the user or other external
) clients (e.g., networked operations) without the involvement of operating system
(e.g., playing a CD or a DVD).
In one embodimeht of the present invention, decoupled power

25 management is accomplished through BIOS intervention when entering and
exiting power management (PM) states by allowing the BIOS to be called where
states are saved/restored without interference from the OS. Under this
approach, real-time state management and control of peripherals of the host
computer can be realized even though the system may be in a temporary "off"

30 state. Having to wait for the operating system to boot or a state to be restored
will defeat most applications that require real-time responses.

Furthermore, with new power supply technology and new CPU
voltage/frequency technology, the system fans of computing systems may not



states are saved/restored without interference fromth? éﬁz “{%3 this
appr oach, d;@g%i&ogg;e_ st ate managenent and control of pe { P(E:) 03 652tlhe host
conput er can be reéalized even though the systemmy be in a tenporary "off’
30 state. Having to wait for the operatiflg systemto boot or a state to be
restored w |l defeat nost applications that require real-tinme responses.
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The teachings of the present invention can be readily understood by

consi der i ng ENMEORHENLIGi Ay Beavidadsas aadlustrative @xamplesnj unction with the
acconpanyi ng drawings, in which: FIG 1 illustrates a bl ock diagramof a
system for providing a decoupled 15 power nanagenent state of the present

inventiomp and FIG 2 il BRIEFDESCRIPTION OFITHE BRAWINGBS rel ati onship
bet ween software_ and hardware conponents of a sgstemfor roviding a
T
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accompanying drawings, in which:

j AV

FIG. 1 illustrates a block diagram of a system for providing a decoupled
15 power management state of the present invention; and
FIG. 2 illustrates a block diégram of the relationship between software
and hardware components of a system for providing a decoupied power
management state.
To facilitate understanding, identical reference humerals have been
20 used, where possible, to designate identical elements that are common to the

figures.

DETAILED DESCRIPTION
FIG. 1 illustrates a block diagram of a system 100 for providing a

25 decoupled power management state of the present invention. Specifically, FIG.
1 illustrates a system 100 of the present invention as implemented using a |
general purpose computer. The computer system 100 comprises a processor
(CPU) 110, a memory 120, e.g., random access memory (RAM) and/or read
only memory (ROM), a plurality of power state control registers 140, various

30 input/output devices 130, (e.g., storage devices, including but not limited to, a
tape drive, a floppy drive, a hard disk drive, a compact disk (CD) drive or a
digital videodisk (DVD) drive, a receiver, a transmitter, a speaker, a display, a



FIG | illustrates a block diagramof a system 100 for providing a 25
decoupl ed power management state of the present inventi? FPCT@?@& Qcal |y,
FIG 1 il‘ggélf”rl?u‘{*sé% a system 100 of the present invention EST43¥teht ed
using a general purpose conputer. The cojputer system 100 conprises a
processor (CPU) 110, a nmenory 120, e.g., random access nenory (RAM and/or

read only nenor . . | uralit . r state.contrql registers 140,
vari ous 3% i?ﬁﬁﬁ 0%5%{'“%%35’?' f:ﬁ)?a?’&q&%\,ﬁ%QFo?iﬁgbﬁ%@r ggge,ypgﬂcq mﬂlﬁﬁ' but
not |imted 49A/B condeReranddhe fké) SMDY bakicviApuBolpubsysten (BIO8E150. conpact
disk (CD) drive or a, digital videodisk (DVD) drive, a receiver, a

t ra?sm' t'; er, a sp\ealriésf, d?}iacﬁf\ﬂdn&WCt@“ﬁo(@MR the powepstaig/cootrebo
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i nput / out BuUt csiplRMsySeRH) 00.5 shblldbe Bhdedtdct that thepdweEstatncsitasied within
t he power state control registers 140 are used to provi de decoupl ed power

managenent tregisterss4begubeimplemented @s.onetorgnetg Bhysicalggyicesded.+ hat t he

Phyei cal - devieORER) i 2oBbRads e By 110 IRioERA B BRriRRieB s ER08L ny ougn
‘a comuni cat ARernafieelpeihe poWerestatatdontioy redister t4@ can batreprssented by egest ers
140 can be represented by one _or nore software applications (or even a

combi nat i on ¥FMeEs sofwarerplisationtatar evep acembingdiph of spiwateand hardwares i c
I nt egr at Cl r.Ccyik : : re d st.or age
oeon A £ 6 b8Pl oHBBRE HEGAEE CHEIE UIch, WAE R Soaatte)
t hy U in tibadeefimny akitrage médiumgi(e.gt,er maghttic oaodpticdl driveloe digkette) state
control registers 140 can be represented b ield Progra le Gate Arrays
(FPGA) havi r'¢ 8Reraied g)’t"%‘? 8@ &}Bﬁ,m%‘@%%%gp?g}ea?‘ém Bﬁw%?te&r@twsiyp ters
140 (i ncl udi | BRfs de4lp
i nvention caﬁ&ﬁgﬁ%oﬁ} géﬁg?!rfgélconpa?gr regﬁéé*%grgr%ﬁdﬂ Ffeéidg.p%kj nen%ry,
magneti c or Gpte Amlayd(FREA)hadinglcantrel bitsl Assuchkihe pdawer stptecidniticohl | y, power
state control regis 40. conpri.se OS .controll.ed standar I sters 140a
(e.g., stidn orgrg@?%r@pf fd é@ég&u@g gsggﬂa?%wghod}, ancJ datas ructuressjof t?\% present
invention can be stored on a computer readabl_e medium, e.g., RAM memory,
magnetic or optical drive or diskette and the like.
More specifically, power state control registers 140 comprise OS
controlled standard registers 140a (e.g., standard ACPI registers) and power
20 state abstraction registers 140b of the present invention. Namely, the OS
controlled standard registers 140a can be ACPI status/enable registers that
) form the event model for power management. In contrast, the state abstraction
\ registers 140b are used in the present invention to abstract the state(s) stored
in the standard registers to another system or device defined state.
25 The BIOS 150 can be perceived as built-in software that determines what
a computer can do without accessing programs from a disk. On personal
computers, the BIOS contains all the code required to control I/O devices, e.g.,
the keyboard, display screen, disk drives, serial communications, and a number
of miscellaneous functions. The BIOS is typically deployed as a ROM chip that
30 resides within the computer (e.g., known as a ROM BIOS). This ensures that
the BIOS will always be available and will not be damaged by disk failures. It
also ensures that it is possible for a computer to boot itself. However, in the

present invention, the BIOS 150 in conjunction with the power state control



20 state abstraction registers 140b of the present inven;é) ly, the OS
control | edws) @Rgesssl regi sters 140a can be ACPI stat us/ e (%%)19 gs@is t hat

formthe event nodel for power managenent. In contrast, the state
abstraction registers 140b are used in the present invention to abstract
the state(s) stored in the standard registers to another system or device

defined st at @gidbrsTH0 BlovRielsdecauplbe powes ehatriheisertdipproach Baf fswar e t hat

determ nes what a qog’put_er can do w thout accessing progranms froma disk.
On personal dessnbeddn sletaikkelvos contains all the code required to control

I/ O devices, e.g. 1 [ r I i , L,al
conmuni cati ons, aﬁgd@ﬂﬁﬂ%é??ﬁﬁ %ﬂs@ é’né%ggswﬁgt'ﬁgns.wéﬁéé ﬁ&&?s
typical ly depbstyystens 100medy rfveive regues fraraiekesrnal dlieints bhpatPTdsIter (€. g.,
known as a ROMBIOS). This ensures that the BIOS will always be avail abl e

and wi || ot agresgdledgeautepsdi sk failures. It also ensures that it is
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15 unlike fully ACPI compliant systems, the power state control registers 140 in
conjunction with the BIOS 150 will only selectively comply with the requests of
the host OS 140. In some instanc;es, the hardware devices are not placed into
a power management state as directed by the OS and instead are left in an
operational state. However, the host OS is not informed of this non-compliance
20 and, in fact, the active states of the hardware devices are hidden from the host
OS.

D | More specifically, a computer system (or more appropriately, its
operating system) is often implemented with some form of power management
policy, e.g., in accordance with ACPI or other power management standards.

25 The purpose of these power management standards is to unify power
management in the operating system of the computer, thereby allowing
inexpensive power managed hardware to support very elaborate power
management policies. For example, ACPI specifies a plurality of global states
(Gx states, i.e., GO:Working; G1:Sleeping; G2:Soft Off and G3:Mechanical Off),

30 a plurality of sleeping states (Sx states) and a plurality of processor power
states (Cx states). In brief, global states apply to the entire system and are
visible to the user, whereas sleeping states are types of sleeping states within
the global state, G1. In brief, the Sx states are defined in the ACPI as follows:



CD, or DVD drives to enter a particular power managenent state. However, 15
unli ke fully ACPI conpliant systens, the power state CHQQ%P{%;%’%EFW 140
in conj uWQeHOWPth the BIOS 150 will only selectively cdr Wi t he
requests of the host OS 140. In sone ingtances, the hardware devices are
not placed into a power managenent state as directed by the OS and i nstead
are left in an operational state. However, the host OS is not infornmed of
this non-conpliance 20 and, in fact, the active states of the hardware

devi ces are hi ddgy §repirig®taboStandly): Whe Sisgleepingctateyis adowawgke er system
(or nore appropriately, 1ts operating systenm) IS often i‘m?I eRE?, d wth
some form of powateneyalgepgistalge|In ys statg, no systeat eerigxLie gt | or
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conput er, 5 t her ebgaEiepinyoStatesieXhe B sieepingetateis adow wakiedateney tsteepimgor t
very el aborate power _managenent policies. For exanple, ACP sFecifies a
plurality of gl ostates{Thisstaty issimtartedheSlesleeping\itate; exgepdhatinaGPiy;
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gl obal states apghey cachddend®CPIU coritest).c Dontrdl staets fromithé pracessdis reset

wher eas sl eeping states are tyggs of sleeping states within the gl obal
state, Gl. In brvegtor@fiter the wake eventr e defined in the ACPI as fol ows: 27
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"The S1 slieeping sl eepl ng te. I'nthis state,
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Sys

stem context. 5 S2 Sleeping State: The $2 sleeping state is a,l ow wake
| at ency sl eepi ng SY§ieqt Bemerys GRldie@chs, §P1§1°Ni’r sqtcpqnﬂ@(tgre @%&W&;S’@ﬁt e

except that the @ﬁfdwgmﬁ‘égrﬁéﬁ?@ﬁeﬁ’oﬁgéﬁ%dcﬁe*&%% sotecPB 4 L?S ponsi bl e

for maintaining e cac ntrol starts fromthe
processor's resetconfiguration abhiext.t Gontrakstards énom the processor’s reset vector

15 after the wake event.
S4 Sleeping State (Suspend to Disk): The S4 sleeping state is the
lowest power, longest wake latency sleeping state supported by ACPI.

lh order to reduce power to a minimum, it is assumed that the hardware
platform has powered off all devices. Platform context is maintained.

20 S5 Soft Off State: The S5 state is similar to the S4 state except that the
OS does not save any context. The system is in the “soft” off state and

> requires a complete boot when it wakes. Software uses a different state
i value to distinguish between the S5 state and the S4 state to allow for
initial boot operations within the BIOS to distinguish whether or not the
25 boot is going to wake from a saved memory image.

Processor power states are processor power consumption and thermal
management states within the global working state, GO. In brief, the Cx states
are defined in the ACP! as follows:

30
CO Processor Power State: While the processor is in this state, it

executes instructions.



10 S3 Sleeping State (Suspend to RAM: The S3 sleeping state is a | ow wake
| atency sl eeping state where all system context is | o0st7 GCERARER 208¢St em
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initial boot operations to distinguish whether or not the
25 boot is goi ngeffectsiake from a saved nenory i mage. Processor power states

are processor power., consu i on and ther pal enent - states within the
G obal “ver ki ng <2 RroCessonhowst Siafe: 158 B2 stelf e Trbraybiiedier SovHeS ach

as follows: 30 CQdPtRETSHOatd OTRE worstlise Wartif ald fRatéh AR state i) this
state, It executes i1nstructions. 27 OCTOBER 2006 WDO"03/ 100589
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the lowest |atency,.The hardware, |l atency in this, state nust be | pw enough
that the O.Operap??%t@%ﬁmq}'oi\?@@sdeﬁ%@'%@% et(ﬁbsfag?éﬁey%a%ep‘éﬁd)of the

staie when decifspGd$TRhE€2 statd!SAsidk frofd ipting tABRYEEdSR i BRORL OCessor i n
a5/non-executing power state, this state has no other software-visible

effects. executing power state, this state has no other software-visible effects.
C3 Processor Power State: The C3 state offers improved power savings

over the C1 and C2 states. The worst-case hardware latency for this
15 state is provided via the ACP| system firmware and the operating
software can use this information to determine when the C2 state should
be used instead of the C3 state. While in the C3 state, the processor's
caches maintain state but fgnore any snoops. The operating software is
responsible for ensuring that the caches maintain coherency.
20 o |
The definitions of the Gx, Sx and Cx states are further defined in greater detail
) in the ACPI standard, which is herein incorporated by reference.
The different sleeping states as defined in the ACPI provide different
degrees of power savings and associated latency in reviving the system. For
25 example, the time necessary to have the system awaken may range from over
one minute (e.g., S5 with the greatest amount of power savings) to a few
seconds (e.g., S1 with the least amount of power savings). More importantly,
when the system is in a sleep state, its resources are inaccessibie without first
reviving the computer system, i.e., communicating with the OS of the computer
30 system 100. Thus, there is a dichotomy between the need to save power and
the need to access the resources of the host computer without the associated

latency penalty.
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resour cesygar RASTHES J i M;gi m
. e., co%?un??&w ng W@{tﬁklﬁ})ﬁsﬁ%@%&%n{ﬁg%do%ﬁpéﬁé%e%%t em (L)%aé'%ﬁg?ﬁt her e
i s/ @ di chot oegistersviztéh 1meomedostaocestbe pperatingraystermis povest managareest t he
reseurces of_ the host .c uter, without, the associgted |atenc enalty. 27
OCTOBER 2006 AN B2 JOLMPbuersan ) Gibes nefaicsso heiapeling el e not omy
the present pdwérthaRBgémert Rfiestsireqgiored in part or in whole. The exact

translation of the operating system’s power management requests into alternate

15 power management states are described below with reference to TABLE 1.

Register Name OS’s State Description Actual State

Requested Implemented
State
MCP_APCI_C2_CTL |C2 Stop Clock - Cache C2
Snoopable
MCP_APCI_C3_CTL {C3 CPU Sleep - Cache not- {C2
Snoopable
:) MCP_APCI_C4_CTL {C4 or CPU Voltage/Frequency |[C2or C2
VID/FID Change with voitage
or frequency
; ‘ change
MCP_APCI_S1_CTL [S1 System Standby (STBY) |S1
MCP_APCI_S3_CTL (S3 System Suspend to RAM |S1
(STR)
MCP_APCI_S4_CTL [S4 - | System Suspend to Disk |S1
(STD)
MCP_APCI_S5 CTL iS5 System Suspend / Soft | S5
Off (SOFF)
MCP_APCI_xx_CTL |System System Specific System
Specific Specific

Table 1



power managenent approach, where the operating systemof the host conputer
i s deceived into believing that its power saving poli cR2QCROBERBMEN

i npl ement WO BABIKEr perspective of the present invention PETUNM1IERE 5
hardware states are intentionally hi dden_é_r om t he host -operating system in
direct contrast to the ACPI specification that pronotes operating system

directed configuration apd power nmanagenent. Nanely, n the host
operating syst em'HiQ'Ec?@BPHET‘%‘Vsqfé'Pﬁ P ”bﬁ'é’eﬂ?'c"i‘-rég'b‘rv@gé’f))’vﬁéétaé? £apirely
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TABLE 1. Retiately thdsemigl regiSters asDEMCP_AORINXACG Tia). Rbradach femerestated
M AP G5 @Bk QiEra 2RI T-PIEXIGeE ARRPL NG REYBILICHUCHIES SR (i CTL 4
Chanps. Mop RGPS YRR SFhex 0 SN BRI Mol baiion S g e
Syst em SuspeactualcstaaNhstlis ipldhentedbytRElpréder@ihvedtioty st em Suspend to Di sk
S1 (STD) 1ONCP—APﬂ sr?gmc%% écﬁeg%ﬁgter%t%%%ﬁg ?)goées%I Eov%%r states (e.g., CO and
D C1) or sleeping states (e.g., S2) are represented in Table 1, because nc power
saving actions are taken for these states. In fact, those skilled in the art will
realize that although the present invention discloses the depldyment of eight
power state control registers, any number of power state control registers can
15 be deployed to address any number of power management states necessary to
meet the requirement of a particular implementation.
In row one of Table 1, the operating system's requested state is C2,
where the clock is stopped and thé cache is still snoopable. Responsive to this
OS request, the present invention complies and sets processor power state to
20 C2.
In row two of Table 1, the operating system'’s requested state is C3,
) where the CPU is in a sleep mode and the cache is not snoopable.
Responsive to this OS request, the present invention does not comply and sets
the processor power state to C2 instead.
25 In row three of Table 1, the operating system's requested state is C4 or
VID/FID, where the CPU may request a voltage/frequency change.
Responsive to this OS request, the present invention does not comply and sets
the processor power state to C2 instead. Alternatively, the present invention
may comply in part, e.g., setting the processor power state to C2, but allowing
30 the voltage/frequency change to be effected. '
In row four of Table 1, the operating system'’s requested state is S1,
where the system is in standby. Responsive to this OS request, the present
invention complies and sets sleeping state to S1.
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of the pre¥eW8/10858%nti on, eight (8) power state control r&§GTAISEYE5IYQ are
depl oyed. These eight 32-bit power state_lﬁ_ontrol regi sters control how each
system power state is executed. The BIOS"150 can nodify these as needed,

but at a mninum, the Bl il ,sgt up these reqisters neveg,t he
conputer system dﬂﬁ%ﬁﬁ%w%aﬁ]&m@&g S s&qqes?%c\ﬁg%te§$%be| s these
ei ght regi stgréreahe(dysteriisuspendébito FZN, EAChBRVHe EPY SavesdltitsXtates

regi ster, Table 1 provides an operating systemrequested state (e.g

processor poadRANtmemary. drespasisedorthisDIreqst, the preseat inventianpdoesn, and
the actual state that Js.inplenent pbresent invention. 10 It should
be not ed t haltotF9mrly @nd tﬁ)ﬂ%cﬁgg‘gpsgﬁéﬁégﬁﬁg%a&.g., CO and Cl1) or

sl eeping gtates (1f.rdw sivdf TADR 1,9RE %?éﬁitiﬁ@ dystetakl Rqlesteaciatess 83, pover
saving actions are taken for these states. I'n fact, those skilled in the art

wi || real i 2ehetedhesgysterihsuspendedde diski heemtiese the SElbsaves albitsisiates nent

of eight power statg control. reqi skers ny nunber . of wer, statge control
Cegisters odf Agthke Reproyure i ardeduadly ey iveBEY tose B rent

stat es necesgghplyldhd $818sIdepthg Satd P Hstédd.a particul ar inplenentation. In
row one of Table 1, the operating sgf/]_stems requested state is C2, where the

clock is stopped larew sevensfhiable 1 sthel opesaling aystem'sReequested stateist$f,s  OS

20 G- 1 07 QuEEIREsYSIBERE ST roshotR o361 o8 TERAH AR TERSIE ' O
megﬁ t he CRRhvéstiomcempliecandreds esbihetar@td185. s not snoopabl e. Responsive

is OS request, the Rr esent invention does not conply and sets the
tof Tahle dathe operating system’s requested state is a

processor power sfidow gig
system specific state. Namely, the eighth register is implemented as an extra
or optional register to address a system specific state or to allow state

15 expansion. |
- These power state control registers 140, in effect, drive a power down

state machine. Namely, the state machine basyed off the register for each state,
will decide what is to be done in accordance with instructions stored within each
register. The information stored within each 32-bit register is disclosed in Table

20 2 below.



25 In row three of Table 1, the operating systems re is C4 or
VID FID, where the CPU nay request a vol tage/frequencgﬁgi&ﬁéjﬂﬁfbkgs onsi ve

ange
to this OVP&YYWSE  the present invention does not conply %‘ﬁﬂ"%‘@flés 1t he
processor power state to C2 instead. Al t_ﬁ_natively, the present invention
may conply in part, e.g., setting the procCessor power state to C2, but

al | owi ng —t-he voltage/freguency—chanrgp—to—k

Table 1, ﬁ_opmni' ng-system-s request B8SEPUPD [ 1 where the systemlis
in standbh3! RBE$RMd e to this OS reguest the present invention conpligs
and sets BIG¢cSMAE. Sysiem ManagemeptAekendiigich 2006 WO 03/ 100589 PCT/ US03/ 16521
-10- Inr {ive of Table 1. the operating systeml s requested state is S
wher et he| 2% ¢ PMin WAKWake en@PME# REant. 0 Do nolvake the system. & 5)Mekedhe system. |
states t RRASMBMAKWake opariVi#eveot. 10+ Do ost waknibetsysteme or ke the sistam.i jon
does not|2RQ WAHK.VWakesornt dreintdrempp event d=Rloandt wakd thenmyistead . 1=Waka theosystam. jof
Tabl e 1, (2| ARBr REQNWAK/ Wake an 3 BOs bisted Rejadst event B = Dovivtwakeé the systenent|fi s
suspended)| t 0| éivédke the 8ystemhere the CPU saves all its states to a disk.
Responsi vE23-0REM DLYSTRE Sytérh mushrenidi®Bahi staty fonfal riinintlee pefied regaraiast Yof an
set's sl eepNYerdnton < o Hinilat pabd. 0N =Remdienatatefa nmialvhem bf 280mS,0per at i ng
systeni s | equest@®ensdiminestate a¥hinimuR o\HBONES.tJ1e=Rensdif A $tatel Imfihdim @f 1000mS.
Responsi v TS5 DLY. FHIEOhtrols e dBI&pIRoth PCY_RITZEBEtvaTIor 1 BLIP_S5# abvanbn.d)
sl eepi ng Bigl € P Oos5his typicallPNséd Bt thaRietnoky pbier. NREABLPISSHS SOPSS3 |
request ed| st akgh b&th Be pPograRMed Rithiimddpehddtt Bela)SfiBMPCIt RETR! Ths RIGWOERHER! | S
i npl enent ed a8 ANSHKST A P_@34#01Rds9B first. €0h SbSdsehRnatHdI T f8r SUS ISB#is BRFdét i C
stahe or fo ab) My SitFalks_HPYSARAOIP WB# ahaTLP BEWWiIl dd—_LErt SlitaRdousRIBEE eS|
1407 in ef f eChetivdlibry BeRy RADIEPel@WN state machine. Nanmely, the state machine
based of f @IS PUSFIGTY. THIs cortrbls e diay frath PCI oS TAISCIVIRGN 1051 P SO ARMIEton,
accor da”?ﬁ}d’“ P ik Wrlidaf{ Bsed t6h oM tﬁ@ ir?ﬁé‘v%r,shﬁ%?%i?sf Sed tHe AdBUdrRt | on
stored wt HDggg bebdlbly. T €91 ster is disclosed in bl e

15- | PCIRST DLY. This controls the delay from SLP_S1# activation to PCI_RST# activation.

13 | PCI_RST# is used to reset all the system logic. See the PCI_RST# Activation Delay tbl.
12-] SLP_S1 DLY. This controls the delay from LDT_STP# activation to SLP_S1#activation.
10 | SLP_S1# is typically used to power an LED. See the Activation Delay table below.

9 | CPUSLP_EN. This controls CPU SLP# activation. CPU_SLP# activation, if enabled, is
simultaneous to LDT_STP# activation. CPU_SLP# is typically used to put the CPU into a
lower power state than possible with STPCLK#.

8-6 | LDTSTP_DLY. This controls the delay from the Stop Grant Special cycle (the CPU'’s
response to STPCLK# assertion) activation to LDT_STP# activation. LDT_STP# is used
to disconnect the LDT Bus. See the Activation Delay table below.

5-3| STPCLK DLY. This controls the delay from the power management command to the
activation to STPCLK# activation. STPCLK# is used to put the CPU in a Stop Grant

- state. See the Activation Delay table below.

) 2 | ARB_OVR. Arbiter Disable Override is used to allow devices to still access system
memory for non-coherent accesses even though the Arbiter is Disabied. 0 =
MCP_ACPI_PM2_CNT[ARB_DIS] is valid. 1 = MCP_ACP!_PM2_CNTI|ARB_DIS] is
forced to allow bus masters.

1 | SMI. SMI# enable. This determines if when this state is entered a SMI# is caused.
0 = Do not cause a SMI#. 1= Cause an SMi# and perform no function that has been
enabled until this bit is cleared and another event is observed to enter this state. This bit
is used by the BIOS to cause a SMI# on any particular state. This allows the BIOS to
always be called before the system does a state transition. This bit must be cleared by
BIOS and another event triggered to enter a state.
0 [ST _EN. State Enable. This bit must be set for the rest of the bits in this register to be
executed, except for the SMi bit which is operated on regardless. The SM! bit will prohibit
any operation regardless of the state of this bit. 0 = Do nothing. 1= Execute the state -
transitions as specified by this register, if SMI = 0.

Table 2
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Descri pti %00§Aod§§sf)erved 30- SMAF. System Managenent Aét Pg%cgﬁégéﬂlss ﬁS 27
PME WAK. Wake 'on" a PME# event. 0 = Do not wake the system = e % e

system 26 SM WAK. Wake on a SM # eveny§2-0 = Do not wake the system 1 =
Wake the system 25 | RQ WAK. Wake on an Interrupt event. O=Do not wake the

system 1=Vake t gy 3@ pefheh BRBEONATegWikeisaBsanBas THRSIRI offfgues!
event. 0 = Do not wake the system 1 = Wak€ the system 23- RSM DLY. The

syst em nust pastiailar bit canike implementad at aratentime porsusint tegapeciiss of an 22
event. 00 = No m'{li mum period. 01 = Remain in state a m nimumof 250n5. 01 =
Renai n in st2RRICBYORNi hum of 500nS. 01 =Remmin in state a nini num of 1000nS.

21- SLP S5 DLY. Tiis 3098 défine 4 Bfstér munhgemeRChctidnfel@qSMAR)! omhid flelglL P_S5#
activation. 19 SLP Sb# is typically used to turn off the nenory power.

Not e: SLP5SHsaiseéd $o RpidnalhyninfarththiecCiBUag tarwinat adtionsiand cpenedtinbeingl ays from
PCl _RST#. T i? allows either SLP_Sb5# or SLP _S3# to assert first. On
deassertion,'@G® delay for SLP S5# is still set by the SLP_S3_DLY, and

SLP_S3#. and SLP_gip#7dfihed 2HIEr WAK Teld. anmieeld/is RS {oefinéaihetAéd he Del ay
tabl e below 18- SLP S3 DLY. Thi§ controls the delay from PCl RST#

a(r:]t i vation tsys&m_vﬁltmad@tfrmata mwerhmanm@gse#etht(? E:)ae\leglt OBEM|E tputir n of f
' .l Act i ' De 15-
(e T 1 DR g A e PR L,

activatian. oddeMBodReait, tfe PRIE WAKIRI®Ts sdtho iTefop X @Bdsaiid™0” #Ranéhe PC
RST# Activation Del ay tbl.  12- SLP S1 DLY. This controls the del ay from LDT

S'I?P acti vat@bﬁtﬁt@S-_SLP__Sl#act ivation. 10 SLP_Sl1# is typically used to power
e oot oo, SRR B OLVAR o pda T HRSE e Befitrine’ ©
LDT_STP# actdystérhonill welke frdmi’a systéithamaddemestaaterupt (S MihevertUSIMIE @are :
used whenever it is desirable to give control to the SMM routine and take
15 control away from the OS. This field is used to wake the CPU for an alternate
function that is not defined in the ACPI standard. For example, one may use
SMI# wake event as an alternative to PMEs.
Bit 25 defines an IRQ_WAK field. This field is used to define whether the
system will wake from an interrupt event. Namely, this field is used to wake the
20 CPU for an alternate function that is not defined in the ACPI standard, e.g.,
waking the CPU with an interrupt.
5) Bit 24 defines a ARB_REQ_WAK field. This field is used to define
whether the system will wake from a Bus Master Request event. A Bus Master
Request event is when any bus master that is not the CPU, wants to use the
25 bus. The ACPI standard uses this in C3 if it has not flushed the cache to
system memory. This wakes the CPU up so that it's cache can be snooped.
Namely, this field is used to wake the CPU for an alternate function that is not
defined in the ACPI standard.
Bits 23-22 define a resume delay (RSM_DLY) field. This field is
-30 implemented to define a period of time that must elapse before the CPU is
awaken, i.e., not waking the CPU too early. This field can be used to address
effects caused by implementing power saving operations, e.g., lock up may
occur in a power supply if power is switched off and on too quickly and so on.



| ower power state than possible with STPCLK#. 8-6 LDTSIJ/DOBII.XBE;{%(? controls

t he del ay 9 Stop Grant Special cycle (the CPU s TPCLK#
assertlon)%g)?%})llbga}) lon to LDT_STP# activation. LDT STP# is 3’;&2@%%/ P

di sconnect the LDT Bus. See the Activati-08- Del ay tabl e bel ow. 5-3 STPCLK
DLY. This controls the delay fromthe power managenent command to the

activation to STRSkdH -ﬂ@tdéfﬁqbl aDBLPsﬁeq;lS# field Hﬁét‘éohﬁol@%ovt'éles tdilsa St op
Grant state. See the Activation Delay table bel ow. ARB OVR. Arbiter

Di sabl e Over$pegifically usifield cantrols thedelasfrewm & POl |re%ﬁ£dE’Q_B§§#)aﬂ¢tMaﬁﬁﬁry f or

VEP_ACP PRCCHIT vl B etion. HPReSCE_S5tis Spicely SRS lodlrBetine s 1 or ced

to all ow busmaﬁﬁm%ﬁ)rybow SM # enable. This determines if when this state
is entered a SM# is caused. 0 = Do not cause a SM#. 1 = Cause an _SM # and
perform nd functiBits 1$d6 dﬁfmetasShP_§ﬁaBL¥dla!m1hat coRtrelstipawerssupipharads. and

o cause . SHPETRE VBl olifol b Helo it BETiiedtihot ROEAFcRH) e
cal | ed bef orig Sl SHsheatioASwWhers SLP_SBANS typically eﬂmléy@d to t#s bffaee cl ear ed
by BI OGS and another event trlggered fo enter a state. ST EN. State

Enabl e. Thi smBin peMe supply eailsf be., tuiBingdbe power 19 tpithe Q'?\U{ his register to be

execut ed, except h r e SM

bit will prohibi té?ga?ﬂ%qéper AECYQELBFZS@?&; @%gng I3 ‘g‘g’gé'd"lt‘ﬁ’?’@ @T? _

not hing. 1= Eﬁ@@ﬂtﬁ&l I this ﬁélatcbntrbrsatheldela;nﬁom ShPc SB#efttivgtiomicca P@i st er I f
0. Table 2 27 OCTOBER 2006 WD 03/.100589 PCTI US03/ 16521 -12- Bit 31 of

gaf@ p(r)]vvel;r sﬂeéﬁb(Pc@nﬂ? i#) @@QV%&% where BCI; RSd# ispenplexedio rasesal Bt C;,I| aL
e B i
used to optional IBits m-dorﬂetﬂme é:BLPg_Sﬂ_DLWtdld thdticontrolsr poweer supply sailbei ng
taken. Specifically, this field controls the delay from a LDT_STP# activation to
15 SLP_S1# activation, where SLP_S1# is typically employed to power an LED

that indicates whether the motherboard is asleep or not. The LDT_STP#is a

pin that directs whether the CPU bus is to be disconnected or not. LDT is also

know as the HyperTransport Bus. It is a point-to-point bus designed by AMD.

The LDT_STP# pin causes this bus protocol to "stop”.
20 Bit 9 defines a CPUSLP_EN field that controls the CPU SLP# activation.

It should be noted that the ACPI defines a sleeping/wake logic that is controlled

via two bit fields: Sleep Enable (SLP_EN) and Sieep Type (SLP_TYPx). The

type of sleep state desired is programmed into the SLP_TYPx field and upon

@

assertion of the SLP_EN the hardware will sequence the system into the
25 defined sleeping state.
Bits 8-6 define a LDTSTP_DLY field that controls the delay from the Stop
Grant Special cycle (the CPU’s response to STPCLK# assertion) activation to
LDT_STP# activation. LDT_STP# is used to disconnect the LDT Bus.
Bits 5-3 define a STPCLK_DLY field that controls the delay from the
30 power management command to the activation to STPCLK# activation, where
STPCLK# is used to put the CPU in a Stop Grant state.
Bit 2 defines an arbiter override (ARB_OVR) field that is used to allow
devices to still access system memory for non-coherent accesses even though



Bit 27 defines a PME WAK field. This field is used to %e(}#'ﬁ her the
system w | om a power nmanagenent event (PME) eVe Lyput .
PMEs are l}g(e)\ﬁl?/?l(ﬁ)gégr states to signal that the system shoul dP e/vao e6?1ﬂup. In
10 one enbodi nment, the PME WAK field is-3#t to "1" for Sx states and "0" for
the Cx states. Bit 26 defines a SM WAK field. This field is used to define

whet her the thg YrbRéeR WiDiSabigd e Speeiically \sdtaryararPRIZTENT iBLierdgister bigbk)
event. SMs are used whenever it is desirable to give control to the SWM

routi ne and inaceorancemithothesAal| stapdardeontains Bhsinglei kit for the aditért o wake t he

exampl e, - ondisa futctiog A 6 bit i i emeale B aidtias s Bt 25
defines an | RQ Wil §idelfiles &MdyStdn ehdhdgemef thtbAruge{SMB eMaBIdREId! This system

wi |l wake from an |nt_erru8t évent. Narely, this PI eld’is used to wake the
20 CPU fob dieldidetermines wheiber erSMIikis caysedt defined in the ACPl standard,

e.g., waking the,, Lih an intenru i fipnes a,ARB WAK fi el d.
This field is us%@geﬁhﬁ’ ﬁeSta\?/r%ﬁ%‘?‘ &Bﬁéi@‘%@mﬁ@ Bﬁv%?é bﬁS&ﬁﬁ%ﬂﬁs Mast er
Request everygst 6f tRE Dithha tis redised &5 be @%ebltedSextep fonthelBIMI BRMHRth khat i s
not the CPU, wants to use the 25 bus. The ACPI standard uses this in C3 if

it has not fopesaied ameegesdiresto system menory. This wakes the CPU up so

that it's cache 0 this fi i ke the CPU
for an alternat eq?%h@ﬁ?g’%qlcﬁg‘?waﬁﬁgﬁ@éa@sd@ efjﬁhﬁﬁ@?ﬁgﬁfj%%m% Bits
23- 22 defipnestater st retsistay 1463k BhIY)illddtettide il Bi parfic@hfemdodimeéntp ThBBEt €d to
define a period of tinme that nmust el apse before the CPU is awaken, i.e.,
nofwaki ng tskéledr the grtewill rgalizerthat these dieldsrcanebe aplemenied incpart (i ect s
caused by inp| A ' (o) td P . cur in
o pover supptpareififoR S Euney bE MRS, iaRererk Bidord o ersh 27
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SLP_S5_DLY field Igur}tat%err%%rr]é,rrglar%y g? %rabso%%pf!e)(dsr 8;1clzlading various parameters) in
15 each power state control register 140 are implemented in anticipation of being
deployed in an ACPI compliant system. However, those skilled in the art will
realize that the present invention can be adapted so that it can be deployed in a
system that may comply with othér power management standards.
Additionally, although the present invention is implemented using state
20 abstraction registers as disclosed above, the present invention is not so limited.
Namely, the abstraction can be stored in fixed logic or it can even be read from
j a ROM when needed. The main approach of the present Invention is to
abstract the standard registers to another system or device defined state.
One advantage of the present invention is that the power state control
25 registers 140 can be deployed in a system where the host OS presumes that a
particular power management standard, e.g., ACPI, is being followed. In this
manner, an alternate power management scheme can be implemented using
the present invention without the need to modify the host OS. Thisis a
significant advantage because a computing system manufacturer may desire an
30 alternate power management scheme, while still being able to use standard

operating systems without having to address incompatibility issues.



Speci ficall y, this field controls the delay froma PCl ;SE? BEE% RST#)
activati onw 09/1 85# activation, where SLP_Sb5# is typica dto _
turn off t marn nmenory power. 5 Bits 18- 16 define a SLP_ ield that
controls power supply rails. Specificallig, this field cont roI s the del ay
froma PCl reset (PCl_RST#) activation to SLP_S3# activation, where SLP_S3#

Lorn) b the powsr T4 SikebSe{bedieataiBaf e RNRIAETHE B e over |

control s povstatescqitol registess in décobgance w:tlalprqcessbr poweestten(@x)arsl t he del ay
froma SLP_S3# activati PCI RST#
PCl_RST# i s @%P@Qé&ﬁt%?gé)selﬂ Oélﬁ)‘?f Wﬂ@’es 2’ %}@ﬁ @\i\gf‘{e

defines whether to put the systeminto a reset Blts 12-10 define a
SLP S1 DLY field that controls power supply rails. Specifically, this field

controls the del asfr r*al;? L3 STPgadt iggat]i @y tjo § PLP_Sl#iggti vatijon,
where SLP_S1# ils typigcallyjenpl gyed tfo power an LED |t hat i ndicates |whet her

t he not her boar ¢S asI §€p PR Not TPE IS a T direcis
whet her the CPU“bus |sﬁto pe  di s;?onnﬁcq_edﬂ(?r noqt& rﬁfg‘%‘m@o knowlas the

CERSTER"or 13028 {194 a0 (g PG 4 BB s e

EN field that ontt-ols—t-hei-CRPU-SLRH# C{‘,LLi v-3H+-0h- H—shot-d—be—neteddt hat the

oTreT

ACPl defines a|@7eepi h@/wake | OEHC tfdt id tont|bl | eHPME AWAKo bit fli el ds:
Sl eep Enable ($LP_EN)! and Sl eep|Type |(SIP -LYPXI _The] type of sleeplstate
desired is progrémed Onto| Ohe S0P TYRX filed d an@ upbsMiawsstti on of| the

SLPEN the hardware w1 sequen¢e the systleminto the 25 defined sl deping
state. Bits 8-¢aogefingqa LPDISTP|LY fliel d {tdhat [cgnt r bjrqQt Weaklel ay friom t he
Stop G ant Spegcial cycle {the CPU s |respgnse tjo STPLCLCK# asserti on)

activation to T ST acfyvatife@n. [ ST I S| dlse I n tijhe LDT
Bus. Bits 5-3 define aﬁsTPDF_K Dll@ fi b:ad thal‘q# cont r ol shﬁmmthe 30
power managenemt; T e TV 0 TXALTOm, Wer e
STPCLK# i s used lzgsgﬂp b@he Uifa $te Gﬁrd;ﬁt slﬁ’(ZtLe B%ﬂi—\@éﬁ‘ﬁefi nes {an

arbiter overri ge—{AR O\/R) etg—that dsed—to—att

%0 1001 ] 001 TSLP S5 DLY.

2149 [000° | 000 |000 |00

o
(=

18:16 [000 | 000 |000 |001 |001 |001 |SLP _S3 DLY.

15:13 | 000 [000 {000 |001 {001 {001 |PCIRST DLY.

12:10 {000 {000 {001 {001 {001 {001 [SLP S1 DLY.

9 000 {001 |001 |001 J0O01 {001 | CPUSLP EN.

\) 8:6 000 j001 {001 j001 |001 {001 |LDTSTP DLY.

53 001 | 001 [001 (001 |001 |001 |STPCLK DLY.

2 0 0 0 0 0 0 ARB_OVR.
1 0 0 0 0 0 0 SML
0 1 1 1 1 1 1 ST _EN.

5 Table 3a



devices to stil

Speci fi cal
ACPI
Nanel y,
nanagenent

this bi

| access system nenory for
27 OCTOBE 03/ 100589 PCT/ US03/ 16521 -14- the

Wv%%g sstwa)ndard PM2_CNT_BLK regi ster bl ock
standard contains a single bit for lBe arbiter
Is inplemented to override that bit.

i nt er r pdorftd,) T Bb&liddicded mddified Sséttfn

t

SM# is caused. Bit O defines a state enable
set for the powerstste coriraliregisiess imacecardancs with ProeRssex peweestates@t f or

the SM bit

fields as de¥m¢1g@*“‘%%%%@@?oﬁ%@%ﬂwﬁg%iﬁﬁ% é}oﬁ%ﬁ %?Tﬁ&% R’tPﬁg’ g&,g%;

non- coher ent

AL

i n accor

n t hough

bl ed.
nce 5\?\/lfit h the

di sabl e functi on.

Bit 1 defines

field. This bit

a system

I felr deficudbitess theet her a

nmust be

t he

140
are only il wmetdcdbaNmplémentedrstateslagrshewposthdriin. Tabi@ge skilled in the art
will realize that these fields can be inplenented in part (i.e.,

i npl ement iSng only a subset of the above f|eI ds), in different orders, in
different sizes—or—upt ..a ir%%"mcm -hose—ai-setosed above.
Furt her nore, >B't§f £ o8 fi il d~= ous pfr'%{ﬁeters) in 15
each power state conttol register 14( i n-anticipatign of
bei ng depl oyed 31n an| BCPI Gorrpl ilant Relsepedski |l ed |i n the
art will realijze thal the|lpresent i adabted so that [it can
be depl oyed in|&0:28/St 000t haDomapooon DSWEAF management
standards. Addi|tional |y, although thd on 1S inplenentled using
state 20 abstnagtion{ pegl $hers|gs dijscl oS abloye, r t 1nvgntion is
not so limted. %Name b, t12 ab%?ract?‘gn gan be‘O“s/tor d—‘r‘i%@ged Ioglc or it
can}ven be reagd 1o FWiTgn Negqed: r{de .y X The fir esent
I nvention is tg gbstraat the sta darc regi|sters| to aphsthe tem or| device
defined state. Ome—aftyants e presgnt—t P Sstat—tie—nower
state control reg ter‘&rz Qan depIQ)yed ﬁ a Mhere the host
CS presunes t hgt—a—par-tietar—power—Haragarert—st-anrdpreg—e—g——ACP i s
bei ng fol | oned. 24n th|8 rqiﬁner Oan giG erdl e pEQver erfe can be
I npl ement ed usilng :

23:22 |00 00 00 00 00 00 RSM _DLY.

2119 000 [000 |000 {000 {000 |001 |SLP_S5 DLY.

18:16 000 |000 |000 [000 j000 001 |SLP_S3 DLY.

15:13 [ 000 {000 {000 {000 [000 |001 |PCIRST DLY,

12:10 (000 |[000 {001 (001 |001 [001 |SLP_S1 DLY.

J 9 000 |000 {001 |001 {001 |001 | CPUSLP_EN.

86 000 | 000 000 000 |[0O00 (001 |LDTSTP DLY.

5:3 001 |001 [001 |001 |[001 [001 |STPCLK DLY.

2 0 0 1 1 1 0 ARB OVR.

1 0 0 1 1 1 0 SMI.

0 1 1 1 1 1 1 ST _EN.

Table 3b

Finally, Tables 4 and § are illustrative delay tables. Althodgh the present

invention discloses an activation delay table 4 and PCi_RST activation delay



the present invention without the need to nodify the host OS. This is a
significant advant age because a conputing system nanuf &tQEEIB Oglesire an
30 al t er nat¥® p¥WEnanagenent schene, while still being abl®WBSH465At andard
operating systens wi thout having to addrggg inconpatibility issues. 27
OCTOBER 2006 WO 03/100589 PCT/ US03/16521 -15- Tabl e 3a discloses specific

2coor dance. watle 5l bRroly i SPEPIR el Aoes it i BefRed Rlargihes) 7 )
ot her words, détagsellmtctambé implenteriied ACRUdeesR partitulaBapplidatioR3 .S1 S3 S4 S5

Field 310000 00 Reserved 30:28 000 000 000 000 000 000 SMAF. 27 0 O
1111PVEWK 26000000 SM WAK. 25110000IRQV\AK 24010

0 0 0 ARB REQ 2119000066090 000
001 001 SLP S By, VAl [ACEI00 P B0 BOBURTQIPL0SI8Ma, - o3 DLY. . 38: 13000
000 000 001 OG+—-Bo+—+aRSTDBY—1216-000—060-661+—0661—0661+0601+——SHP-SHDLY. 9
000 001 001 0090801 001 |(Pigrakismet activatedoo 001 001 001 001 001 LDTSTP IDLY.
5-3 001 001 OQ1 001 001 1001 STPCLK DLY. 2 000000 ARB QMR 100000
0O SM. 011 001 1 1 ST \BMit 166CIEeks drodmpVicESTIRRER (B0818MBzA8dG)589
PCT/ US03/ 16521
010 Wait 32 Clocks from previous signal (14.318MHz clocks)
011 Wait 64 Clocks from previous signal (14.318MHz clocks)
| /3 100 Wait 128 Clocks from previous signal (14.318MHz clocks)
101 Wait 256 Clocks from previous signal (14.318MHz clocks)
110 Wait 512 Clocks from previous signal (14.318MHz clocks) .
111 Wait 1024 Clocks from previous signal (14.318MHz clocks)
Table 4
5
Delay Value | Activation Delay from Previous Signal
000 Signal is not activated.
001 Wait 1mS from the previous signal
) 010 Wait 2mS from the previous signal
011 Wait 4mS from the previous signal
100" Wait 8mS from the previous signal
101 Wait 16mS from the previous signal
110 Wait 32mS from the previous signal
111 Wait 64mS from the previous signal

Table 5



-16- In contrast, Table 3b discloses nodified settings J@é 19 bits of

t he pomegyﬁbgﬁﬁmﬁpntrol registers in accordance with ﬁ whr states
(Cx) and sleeping states (Sx). In other words, these nDdlfled settlngs
woul d cause the actual inplenented stat-d8-as shomn above in Table 1. 5 Bits
C2 C3 S1 S3 S4 S5 Field 31 00 0 0 0 O Reserved 30:28 000 000 000 000 000
000 SMEF. 27 0 Onfindugh VarB(e shittodimhtsl which fcdroBratethiéachis df the0 0 0 0
IRQ WVAK: 24 0 0 0 0 0 0 ARB REQ WAK. 23:22 00 00 00 00 00 00 RSM DLY.

21:19 000 oopreeeot ingentiwohave berPshgwmiand desgribed dndetmitheren, tosessiledo1 SLP

001 001 st inBal S ey of%ish 1aiioyBt e Btieaitént8PR1B05 000 ooo

000 000 001 ihEdrpbratelth¥se terchiriys] IﬂQﬁe @Iéim@oéleﬁféht%ﬂm‘éfmmainﬁlé(re 2001
110ARBOVR 1001110S 1 1 ST EN. Table 3b Finally,

Tabl es 4 &ndlistedinea partigiararee hﬂ'éﬂﬁ;ﬂl’@%ﬂzfpéQfaQNPtﬂﬂondhet"h\éefti'pés%rmplled

27" oCTopeR 200 T GO S G LHEHR B BimbaSAR o APHabetiodlV ke, 7, T,

of specific delay values, it should be noted that other

"H




del ay val ues can be inplenented to address a particula?7$§96ﬁ€35&)n. Del ay
Val ue Activation Delay from Previous Signal 000 Signa not acti vat ed.
001 Wait 16 C ocks from previous signal (14.318VHz clocks) 010 Wait 32

Cl ocks from previous signal (14.318VHz_g§ocks) 011 Wait 64 C ocks from
previ ous signal (14.318MHz cl ocks) 100 it 128 C ocks from previous signal
(14. 318VWHz clocks) 101 Wait 256 O ocks from previous signal (14.318MHiz
clocks) 110 Wait 512 O ocks from previous signal (14.318MHz cl ocks) 111
Wait 1024 C ocks from previous signal (14.318VHz cl ocks) Table 4 5 Del ay
Val ue Activation Delay from Previous Signal 000 Signal is not activated.
001 Wit 1WiBt fsrebmmedes: previ ous signal 010 Wait 2nS fromthe previous
signal 011 Wait 4ntS fromthe previous signal 100 Wait 8nS fromthe
previous signal__ 101 WAait 16nS fromthe previous signal 110 Wait 32nS from
the previols si WeHiod fermangeine pRS Sl At eRETRI T B resoyrrss of 7heite 5 OBER

2006 VO Ogt{r%?ﬂé%%vﬁé a s%e 91%/ sy@?ﬁé(OS%,%aid th@@U&HPffﬁﬁé ﬁ%&ée%gg?di ment s

whi ch incorporate t teachi ngs ™o resent 1 nvention en shown
and described in detail herein, those skilled in the art can readily devise

many ot her vari gdeieigatiofBhim frdtathshdst bperathgakfemab setd@sepdveachitaigs. I n
the clains, elenments of nethod clains are 5 |listed in a particular order,

but no or d®r af lsast gpeef said hest agsorrses;iidention is inplied, even if el ements
of the clainms are nunmerically or al phabetically enunerated.

consulting at least one power state abstraction device to translate said first
power state to a second power state for said at least one of said host resources,

wherein said first and second power states are different; and

causing said at least one of said host resources to be set to said second power

state, different from said command from the host operating system.
2. The method of claim 1, further comprising the step of:

causing said at least one of said host resources to be set to said second power

state, contrary to said command from the host operating system.

3. The method of claim 1, wherein if said first power state is S4 in accordance
with an Advanced Configuration and Power Interface (ACPI) specification, then said
second power state is S1 in accordance with said Advanced Configuration and Power

Interface (ACPI) specification.

4. The method of claim 1, wherein if said first power state i1s S3 in accordance
with an Advanced Configuration and Power Interface (ACPI) specification, then said
second power state is S1 in accordance with said Advanced Configuration and Power

Interface (ACPI) specification.

5. The method of claim 1, wherein if said first power state is C4 in accordance
with an Advanced Configuration and Power Interface (ACPI) specification then said
second power state is C2 in accordance with an Advanced Configuration and Power

Interface (ACPI) spéciﬁcation.



i_ 27 OCTOBER 2006 -19 Wat is claimed is: 1. Method §9 ngﬁ@ﬂgaﬁ power
states of a plurality of host resources of a host conputer having a host
operating system (0OS), said nmethod conprising the steps of. receiving a
command fromthe host operating systemp@.set a first power state for at

| east one of said host resources; and consulting at | east one power state
abstraction device to translate said first power state to a second power
state for eaid Zhe mehmdl oPORIRN, WhEEin108did Fies poweESRate VOB ICAdofdANEE i st and

second power states are different; and causing said at |east one of said
host resoulVtBan Agvareed &onfiguratipr andRower ptsiiase (AGRY specificatien.dhsn $bm sai d
command fr Sl : AT urt her
conpri si ng%@ﬁ%‘gﬁ%&??géﬁaﬁgﬁ%gﬂgéﬁgqﬂ}h %ledag{w%lﬁ& (E)!? g%%[réﬁiost I%Yé)vse](})urces to
be set to hadrfhics ORI spevificationt ate, contrary to said command from the host
operating system 3. The nethod of claim1l, wherein if said first power
state is S4 in accordance w th an Advanced Configuration and Power

I nterf ace (-ACPI Thespethiof o€ eleimg g, wherenm saish causigg slep gayreneaid gt lgest ongoS | jn
accor dance_w i fl ' d r..Jln CPI)
speci fi cat ?a\é\ér\flé]sﬁe%cf%géﬁréﬁégsgptggg @ég?&%{dﬁoﬁgre ‘r?}ﬁlg Ssaua(til4 C#nﬁéot%&eggv\gr state
is S3 in agealdamntaly ddhirbryas sfidcameesd Goni ihg hostdperatiapgdydtener | nterface
(ACPI) specification, then said second power state is S |1 in accordance

w th said Advanced Cbnfi?uration and Power Interface (ACPlI) specification.
5. The nethod ofhemngihad of clatied ewvherem sgih a1 142t aie i oaudrhost igsaurges ita | n
accordancesto%/é,i tﬁev@@e Advanced Configuration and Power Interface (ACPI)
speci ficatl ot hen“%said  second power state is C2 in accordance with an
Advanced Configuration and Power Interface (ACPl) specification. 27 OCTOBER

2006 -20 6. ThendRbihed oPtlafh 81 WhreinaRS Rbragd devid id afdidksdriveover state is C3
in accordance

10.  The method of claim 8, wherein said storage device is a random access
memory (RAM).
11. The method of claim 1, wherein said at least one of said host resources is a

compact disk (CD) player.

12. The method of claim 1, wherein said at least one of said host resources is a

digital videodisk (DVD) player.

13, The method of claim 1, wherein said first power state is set in a first power
state control register, at least one power state abstraction device comprises a second

state control register.

14.  Apparatus for managing power states of a plurality of host resources of a host

computer having a host operating system (OS) (220), said apparatus comprising:

means (150) for receiving a command from the host operating system to set a

first power state (140) for at least one of said host resources;
at least one power state abstraction device; and

means (140) comprising a BIOS for controlling said at least one host resource

and for consulting said at least one power state abstraction device to translate said first



wi th an Advanced Configuration and Power Interface (ACPIé eci f| catl on,
then said second power state is C2 in accordance wi t h?% F'Gg
Configuration and Power Interface (ACPI) specification. 7. The rret hod of
claim 2, wherein said causing step causgs said at | east one of said host
resources to be set to said second powet state, where said second power
state is only partially contrary to said command fromthe host operating

system 8. om?sﬂaﬁttbqqewndcaoweﬁt&te M%@mea%abﬁe @ftsald%%E reRBE & sgai d host
resources is a stora evice. 9. e ne of claim8, wherein said

st or age d@mnaétlm&bean@ggiouplhemf@mtiﬁOS[rvehermm beod fiot and sécom@ powkstaten sai d

st orage devi 81; is.a random access nenory (RAM. 11. The nethod of claim1l,
wherei n sdd% { I$kast one of said host resources is a conpact di sk (CD)

pl ayer. 12. The nethod of claim 1, wherein sai d at |east one of said host

resources jss aﬂglagggﬁus\@fgﬁggllgkfu@y@mﬂjrg . 13. The nethod of claim1,

wherein said first power state is set 1n a first power state control
regi ster, at |east one power state abstraction device conprises a second

state control megins(B40) fdrkaudppadidbtigadt ohe 6PIDhdMY r30UREs Bt tate6toof a
plurality of host resources of a host conputer having a host operating

syst em ( OSpd(ssoyd Povusr gtaifs FRREATY L Wihpmmaptirom thehast opesaling sisteibcei vi ng a
command fromthe host operating systemto set a first power state (140) for

at | east 01 OfTh%%' %z%ﬁx%tof ] qﬁcﬁﬁere@qﬁgif‘ g?stt 8%\;5\/? rsgéﬁw?s S& }nagcg r?bSt raction

[~
devi ce; rreans rrsihg'a I ng sal fmﬁ east one

host r esoumct:}ean Addhariced ceﬁﬁgurhﬁicbm@qumﬂbr@ﬁteﬂfa@thompsp@@mati@t, diep saidst ract i on
device to translate said first 27 OCTOBER 2006 ower state to a second
power st atSEcqngrPoyAr gtateris S s pecgpdanss Wstauseldrzf‘diytanwés@ﬁm gatiogand Powghsul ti ng

bei ng dec erein said first and second power states are
%%gt%%&ég%&a%l ot

di fferent ratus of claim 14, further conprising:

17.  The apparatus of claim 14, wherein if said first power state is S3 in accordance
with an Advanced Configuration and Power Interface (ACPI) specification, then said
second power state is S1 in accordance with said Advanced Configuration and Power

Interface (ACPI) specification.

18.  The apparatus of claim 14, wherein if said first power state is C4 in
accordance with an Advanced Configuration and Power Interface (ACPI)
specification then said second power state is C2 in accordance with an Advanced

Configuration and Power Interface (ACPI) specification.

19.  The apparatus of claim 14, wherein if said first power state is C3 in
accordance with an Advanced Configuration and Power Interface (ACPI)
specification, then said second power state is C2 in accordance with said Advanced

Configuration and Power Interface (ACPI) specification.

20.  The apparatus of claim 15, wherein said second power state is only partially

contrary to said command from the host operating system.

21.  The apparatus of claim 14, wherein said at least one of said host resources is a

storage device.

22.  The apparatus of claim 21, wherein said storage device is a disk drive.



means (140) for causing said at |east one of said host be set
to said second power state, contrary to said comrand f%@ﬁ‘?ﬁ]ﬁ%’éé)
operating system 16. The apparatus of claim 14, wherein if said first
power state is S4 in accordance wth an,Advanced Configuration and Power
Interface (ACPlI) specification, then sai second power state is Si in
accordance with said Advanced Configuration and Power Interface (ACPI)
speci ficatixgn. Irfhe appfa@PBAERINS1 Olhdrtiaistid htbragbhRiRlefs b fandidmthcbdss St power
state is S3 in accordance wth an Advanced Configuration and Power
Interface (omry (BP&ification, then said second power state is Si in
accordance wth said Advanced Configuration and Power Interface (ACPI)
speci ficatign. . The apparatus,of. cl.aim. 14 wherei.n .if said first power
Pate 1o oPhn e coraan BT HR 4 hGuRSEad kBTG ol St SRR
Interface (HfdBhdt dikREE)fisRLI on then said second power state is C2 in
accordance wth an Advanced Configuration and Power Interface (ACPI)
specification. 19. The apparatus of claim 14, wherein if said first power
state is C25in Theappatatusef vlairh 1 drwiisteianeaiddct Eastfang wf adid dnstangbuReser a

Interface (ACPl)., specificatjon, then said second power state is C2 in
accor dance ‘fahwz’@ﬁ? Slﬁﬁi/{éﬁg@ YeIconfi gurati on and Power |nterface (ACPI)
specification. 20. The apparatus of claim 15, wherein said second power

state is only p i ¢ Al rating
yatom 2020 b O B e Do B e
host r esourfireipomer stateoatralgegley hndsaid 2t leadbhenappedratdis atatractian devidt,is wher ei n
said storage device is a disk drjve. 27 OCTOBER 2006 -22 23. The apparatus
of cl ai m 2P SeGHErROMST slateroatgl gstedevi ce is a random access menmory (RAM) .
24. The apparatus of claim 14, wherein said at | east one of said host

resources i, a o tedi . . i s of .clajm 14,
wherein sai'd at ‘Afpgggat%%ofﬁg{néh aé%éo‘ﬁ%yﬂrseos% rl%r-é{s}g'i °§%§§‘rr§|§°§ﬁr%e§|°f§ ihgsetodi sk
(DVD) pl ay@bmputer having a host operating system (OS) (220), said apparatus comprising:

at least one power state abstraction device (140); and

BIOS (150) for receiving a command from the host operating system to set a
first power state for at least one of said host resources and for consulting said at least
one power state abstraction device to translate said first power state to a second power
state for said at least one of said host resources, wherein said first and second power

states are different.

28.  The apparatus of claim 27, wherein said BIOS causes said at least one of said

host resources to be set to said second power state.

29.  The apparatus of claim 27, wherein if said first power state is S4 in accordance
with an Advanced Configuration and Power Interface (ACPI) specification, then said
second power state is S1 in accordance with said Advanced Configuration and Power

Interface (ACPI) specification.

30.  The apparatus of claim 27, wherein if said first power state is S3 in accordance
with an Advanced Configuration and Power Interface (ACPI) specification, then said
second power state is S1 in accordance with said Advanced Configuration and Power

Interface (ACPI) specification.



26. The apparatus of claim 14, wherein said neans for r ceivin ommand i s
a first power state control register and said at | east? Odﬁi%eﬁmét ate
abstraction device is a second power state control register. 27. Apparatus
for managi ng power states of a pluralitysaf host resources of a host

conput er having a host operating system (0OS) (220), said apparatus
conprising: at |east one power state abstraction device (140); and BIOS
(150) for Becei mhegp;aarsxomaduﬁwrwﬁdﬂanmmme;sca’tzdrrsgatwimemto set a first
power state for at | east one of said host resources and for consulting said
at |east GfOIfGR VIR AdvVaBesd Genfisyrrtigawngd Bower Inferfrse 64€PBai d first power
state to a : r resour ces,
wherein saisggcﬁéraggggﬁﬁ sglg%?lé é’\?&/eerﬁﬁgeﬁ%t eéhg@}%&pge en?%(%lhge‘?he appar at us
of cl ai m 2TConfipeneomarsbPalvd IfiSriacai@eSPIs spedifetibreast one of said host
resources to be set to said second power state. 29. The apparatus of claim
27, wherein if said first power state is S4 in accordance wth -an Advanced
Confi gur at B8n arde PRRAEHUS ﬁf@?%éé viheesen Jf saisielinst pavaaristate st sai d  second
power st at o ation and Power

I nterface ?%@?%Ces%gtgl%ﬁ |€%@?§%€C%{mi§h§8€g¥§? ﬁ@gecgg%%&?bﬂ wherein if

sai d first spedatish,ahen sasd Sohdpaweacstaaizae? invictbrdamceAdiviase ddCamki guration
and Power Interface (ACPlI) specification, then said second power state is S
1 in accor &‘é’ﬁgéur\ﬂp?lha%da?w’%&%}@ﬁfé@d (A PREGHPHOM and Power Interface (ACPI)
speci fication. 27 OCTOBER 2006 -23 31. The apparatus of claim 27, wherein

Cont 1 gurat 'on ani BREReT Rt 3piad el PAE 3RER Kbl AR RS8R cccona

power st at eontfarfci daid eaLBLBROR the hbst aperdtivgsigesh. Configuration and Power
Interface (ACPlI) specification. 32. The apparatus of claim27, wherein if
said first power state is C3 in accordance with an Advanced Confl guration
and Power ﬁﬁterfféé@pm%@m i claiped.fwheaein grid at lsest opaofsaidbosideioures isst ate i s
C2in acco%pl Eh said Advanced Configuration and Power Interface

(ACPI1') specCi At Sh.
35.  The apparatus of claim 34, wherein said storage device is a disk drive.
36.  The apparatus of claim 34, wherein said storage device is a random access
memory (RAM).
37.  The apparatus of claim 27, wherein said at least one of said host resources is a

compact disk (CD) player.

38. The apparatus of claim 27, wherein said at least one of said host resources is a

digital videodisk (DVD) player.

39.  The apparatus of claim 27, wherein said at least one power state abstraction

device is a register.

40. A computer-readable medium having stored thereon a plurality of instructions
or control bits, the plurality of instructions including instructions which, when
executed by a processor or control bits accepted by a hardware device, cause the
processor or the hardware device to perform steps managing power states of a

plurality of host resources comprising:



33. The apparatus of claim28, wherein said second pO\A/eHE%]aé éﬂ nly
partially contrary to said command fromthe host operati '5%’{ 34. The
apparatus of claim 27, wherein said at | east one of said host resources is a
storage device. 35. The apparatus of cl ajm 34, wherein said storage device
is a disk drive. 36. The apparatus of claim34, wherein said storage device
is a random access nenory (RAM. 37. The apparatus of claim 27, wherein

said at least o : i bSit b ayer. 38.
The appar at us o? é\cg Wé?g?nggé;r?gl\%ﬁaerfrgﬁitgggigﬁ%g%é%lg%?tg%gﬁ?%)f@gg*tg (Sﬁgsfti@{r esour ces

is a digipaevitatedoli akeasOnB)ofphidyhest regGirceFhe appar atus of claim 27, wherein
said at | east one power state abstraction device is a register. 40. A

conput er - r eadabl e di um having stored thereon a plurality of instructions
or control bi ts,co?ﬁ”tﬂ A 1epst Qip RV ﬁ@ferqﬁi’étt”_i%‘ﬁg devigs Eldﬁ%&{:i’ %é?%s[art%ﬂ# ons whi ch,
when  execyfr§dhol¥r 8aROGSSRAM pBlyeL ARe O salll S ALHRIIRidNbsPrldear e devi ce,

;
cause the processor or the hardware device to perform steps nmanagi ng power
st ates of avheplimsad ifirst and s¢vosd poesmatateese ddfguernt sintgraudidg ©€Gd GBERt 2006 - 24
receiving a.ca nd fromthe host operating system.(0OS).(220) to set a first
power st at é’ff*%mgit r?sé’éiéctesiijrq@e %9??%%1(859‘?8’%‘{1’ ?8@%%4 C%H&éeﬂ‘%gng at | east one
power st at geaipiddardh ¢t dsvice (140) to translate said first power state to
a second power state for said at | east one of said host resources, wherein
said first and second power states are different; and causing said at |east
one of sai4d. hogthe cemputecesmdtlde beedam of damait@l feplearrdmpoviag tsd steeosai d

causi ng being decoupled fromthe OS. 41. The conputer-readabl e nedi um of

claim40, further conprising the step of: causing said at |east one of said
host resources tcau%%aé%attlea%aw%%&@m& t ISEQUEECS 1 P PE to sEdsEeand NOYeE aj d

command fr \%ﬁé’ @&tpa?ﬁo d&?'lltﬂinglgd ﬁXﬁlttﬁé"hos‘%%gerﬂ?r‘?g g}g{gmj.t er -readabl e nedi um of

~claim 40, erern sal rst power stat

42.  The computer-readable medium of claim 40, wherein if said first power state
is S4 in accordance with an Advanced Configuration and Power Interface (ACPI)
specification, then said second power state is S1 in accordance with said Advanced

Configuration and Power Interface (ACPI) specification.

43.  The computer-readable medium of claim 40, wherein if said first power state
is 3 in accordance with an Advanced Configuration and Power Interface (ACPI)
specification, then said second power state is S1 in accordance with said Advanced

Configuration and Power Interface (ACPI) specification.

44.  The computer-readable medium of claim 40, wherein if said first power state
is C4 in accordance with an Advanced Configuration and Power Interface (ACPI)
specification then said second power state is C2 in accordance with an Advanced

Configuration and Power Interface (ACPI) specification.

45.  The computer-readable medium of claim 40, wherein if said first power state
is C3 in accordance with an Advanced Configuration and Power Interface (ACPI)
specification, then said second power state is C2 in accordance with said Advanced

Configuration and Power Interface (ACPI) specification.



is $4 in accordance with an Advanced Configuration and t ace
(ACPI') specification, then said second power state iszggﬁﬁﬁnéﬁgﬁﬁgance wth
said Advanced Configuration and Power Interface (ACPlI) specification. 43.
The conputer-readabl e medi um of clai m4Qs wherein if said first power state
is S3 in accordance with an Advanced Configuration and Power Interface
(ACPI') specification, then said second power state is Si in accordance with

sai d Advanasd Q@aptéompiet-icafatas theBRnEsS dIiheAl, 3aRr(ACHRH Laspacitéy catdson. 44.
The conput er-readabl e nedi um of claim40, wherein if said first power state

is C4 in asu8rbigarengof prid Rosdcsantces ol Wik seeendprIvPsiass. Wheteeseidce

(A s PSEohl 3 LA ASERANh NI R el aggor dance i th

an Advance guration an ower erface Ication. 45. The
conput er -r eadabl e nedi um of claim 40, wherein if said first power state is
C3 i n accoudancehwcbipater-AAdae ad@nbf Arindl0, Whepdifl s410WEleadtthe bf ase (ACPI)
specification, then said second power state is C2 in accordance with said
Advanced Gosifresgurces isorstensgle foies: | nterface (ACPI) specification. 27 OCTOBER
2006 -25 46. The conputer-readabl e medi um of claim40, wherein said causing

step cause sai,d at | east.one of .said host,resources ta be set t aid
second. pondk: ot A BeMgG Eeugrgin SBoh AN S Rkhe TRt EDES PR EReT SorE Sl o
command fr @mBIOR&o RRSEdOREIR i@ St @Mthethbst rEfir&MRBESEd FeadaRIOR, medi um of
claim40, wherein said at |east one of said host resources is a storage
device. 48. A nethod as clainmed in claim1l wherein the consulting step is

under control of a BIOS to provide power managenent of the host resource
decoupl ed fromthe CS.





