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MANAGED STATES W THOUT DI SRUPTI NG ACCELERATED GRAPHI CS PORT ﬁﬂQ?
5 BACKGROUND OF THE INVENTION 1. Field of the Invention The invention
pertains generally to conmputer systens. In particular, it pertains to
managi ng twanzistiopns bet ween power states in conput er peyssoems 10 2.
Description of the Related Art As conputer design has relied on nore and
nore buses to acconmmpdat e increasin vol unmes 8‘ data transfers, nmany

conput ers havENRESING ANSHEXTEING POWERMANA AFES,  as the "core",
or "core conWIITH@ET DISRURTING ACGERERATER GRAPHIGS PART pr ovi di ng
separate 15 interfaces and cHRANBACIFONS o connect the processor (CPU),
system nmenory, and various other peripheral devices. In particular, an

i ncreased focus on graphics has led to a separate graphics controller,
interfaced to the core BAGKEBOUNP QRFHHLENVENTAEGYI cat ed graphics bus. One
version of the graphics controller interface is referred to as the

Accel erated Graphics Port graphics controller (referred to herein as the
AGP-C), while its connecting bus is 20 referred to as the AGP- GC bus.
Read and wriigldofthednentian fromthe AGP-GC are used to initiate nulti-byte

menory transfers, between the AGP- GC and nenory that pass.through the core
control | er. FilgeinyendppRpdaios %@Fﬁﬁgﬁt"f"?}ﬂ’ﬁr sy§'§’§f'eﬁﬁpf"m§ﬂtlatr’ﬁtap§ﬁa“}igﬁl GC 13, CPU 11,

system nmenory. 14, and _.peripheral hus contrqgller 15 connected to core
control | elma‘l%‘.“gt@é?‘f’?ﬂl?gt?”ﬁ?“pﬁﬁ?St&%srff'?%lmu%’?sy%gmm ght actual ly be several
differfnt bus controllers, but is 25 shown as a single consolidated bus
controfier for si nplicity. Core controller 10 may

2. Description of the Related Axt

As computer design has relied on more and more buses to accommodate increasing
volumes of data transfers, many computers have incorporated a chip set, often referred to
as the “core™, or “core controller”, to act as a centralized controller, providing separate

15 interfaces and control logic to connect the processor (CPU), system memory, and various
other peripheral devices. In particular, an increased focus on graphics has led to a separate
graphics controller, interfaced to the core controller through a dedicated graphics bus.
One version of the graphics controller interface is referred to as the Accelerated Graphics
Port graphics controller (referred to herein-as the AGP-GC), while its connecting bus is

20  referred to as the AGP-GC bus. Read and write requests from the AGP-GC are used to
initiate multi-byte memory transfers between the AGP-GC and memory that bass through
the core controller. Fig. 1 shows a conventional system 1 with an AGP-GC 13, CPU 11,
system memory 14, and peripheral bus controller 15 connected to core controller 10.
Peripheral bus controller 15 might actually be several different bus controllers, but is

25  shown as a single consolidated bus controller for simplicity. Core controller 10 may

include a graphics/memory control hub (GMCH) 18 to control transfers to/from memory
1



i ncl ude a graphics/nmenory control hub (GMCH) 18 to control trang?gj% 5
to/fromnmenory 1 27 June 2005 WO 02/054202 PCT/ US01/ 44870 14 an 2&‘9

13, and an 110 control hub (ICH) 19 to control transfers to/from
peri pheral bus controller(s) 15. AG-GC 13 is connected to core controller
10 t hr oughwbugosi®z which is shown as two separate subebusesssitcA and 16B.
These sub-buses are shown separately because they 5 act sonewhat

const aer od A GREE L& CndlisoFiT B RS BB OABDT, | 2L T T ed 1o

as the sideband co n d address bus (SBA), carries requests from
AGP- GC 13 “f%?ng&ergﬁ)g%k transfers to/fromnmenory 14. \Wien such a

request Is 1ecghy g if 1 Qe el dnfiter 1M IARs 16, Wiok RANARGs | S placed i nto

gqueue 12 until can be servi ced. en the request to is retrieved from

the queue, ., Gdilid §b96ks164Rndh. TRt hdlbeRs dbRoReicpddteldBdcaisd th@nsf er, whi ch
t akes pl ace over bi-directional sub-bus 16B. Sub-bus 16B can al so carry

comands  fQBmewHRlndklenldtly¥oRefhm dtelcht Towgis, Sétiloddh.thely vantbesepar at e
devel opnment, conputer systens have incorporated | ow power states to

conserve eRfiddid o DRE Qisahdwy in Fg. Dadub-Busyl 6 fGuedtieds sfgstdaoss thevar i ous portions of
a 15 conputer system such as the processor and core controller, can be

pl aced i n splcha@i\eop@ARd and sddadksehun 5B, featirets iamAGPeC 13 w &ttt when needed
again. In particular, CPU 11 can be placed in various power states,
comonl y |bidole redfe©O/fornnemly Hp dvhat suolng requelt isresisssifrom AGPGC AR | nstruction
and wait for interrupt to restart CPU), C2 (stop CPU clock, but allow

ot her deviGMGH 1) the osymastis pladee inte quéne dRwntik i cap pe jsevicad-t Wheadhed®iesf y snoopi ng) ,
and C3 20 (sleep state - stop CPU clock, nmenory operations, and related bus
oper at ions) retrieRWfbm the qesun GMCH tswepp v initiates the ardgl 4ol tlenyfer,/sh st ates 2 or

C3 by a signal fromcore controller 10,
takes place over bi-directional sub-bus 16B. Sub-bus 16B can also carry commands from

CPU 11 to AGP-GC 13 through GMCH 18.
In a separate development, computer systems have incorporated low-power states

to conserve energy, especially in battery-powered systems. Various portions of a

15 computer system, such as the processor and core confroller, can be placed in a low-power
state when feasible, and reactivated when needed again. In particular, CPU 11 can be
placed in various power states, commonly labeled CO (normal operation), C1 (cxequte
CPU halt instruction and wait for interrupt to restart CPU), C2 (stop CPU clock, but allow
other devices to communicate with memory by permitting memory snooping), and C3

20 (sleep state - stop CPU clock, memory operations, and related bus operations). CPU 11
can be restarted (returned to CO) from states C2 or C3 by a signal from core controller 10,
which contains its power control logic in ICH 19. Deeper sleep states (i.e., C4, C5, etc.)
may also exist, but are not as well defined. For the purposes of this disclosure, they can be

considered to be included with C3.



whi ch contains its power control logic in ICH 19. Deeper sleep $%3}&Se 2005
(i.e., C4, C5, etc.) nmay also exist, but are not as well defined. 2[Q1e
pur poses of this disclosure, they can be considered to be included with
C3. 2 27 June 2005 WD 02/054202 PCT/ US01/ 44870 Entering | ow power state C3
can cause ppobbsews with the operation of AGP-GC 13 beCHUM®44STH Iy into this
state can prematurely term nate any AGP-GC transaction that is in

progress, causing a |loss of any untransferr . dpass1Pr corruption
of any request%ﬂtefﬁflémpﬁ?"ﬁéta‘ieﬁ?’ éﬁf@e‘fg&mﬁ%h@wg ?%%no?ﬁ%ti me AGP- GC 13

pl aces a request into.queue 12 til EBchBRadiestitiding data transfer
has been dgsptespipfoto i ﬁ%%‘ag%%ﬂﬁeﬂlug%%ﬁ dHgﬁteri ng the C3 state.

Unfortunately, a conventio - j f R ERrubtion d6an g9 handshaki ng
provi sion pt“@}/eé?’ FW&\@ES@%HQ@%@%S@ deaﬂ%—l 18 u?hat A%%?Lgc 13 has a

pendi ng. 1 equest, £ aL00] Gud Reh ek ACROBNeplakasraal shogmedanpl et ed. A
(0]

convent i odsM® mnimzing these problens is to communicate the 10

intention to.entery .ot BRWRhsS halbeenlompa GEsyltdn shopidewdt er ni ned period of
time before ‘entering the sleep state by sending a Stop indication to the

AGP- GC.  Thi érh%f HO€1 N Ui SmatelyBconiiicas AGP-GU ppdeedus6hdsac | ong enough so
that AGP-GE 1% can st op issuing requests, and any requests that have
al ready i SpH@RWMe ploviBRY R atlémeR—GC\Aﬂ)tolﬁoﬁﬂyléiMCH/@yhﬂGhﬁB@%méﬂ‘é’ue 12 and then
conplete their data transfers. Since the exact anopunt of tinme necessary to
do 15 t hes@ndi rB&Sst i whial ihalbkearansfal hasontbateompleipt edi ct able, a time period is
chosen that is assunmed to be sufficiently long to conplete any data
transfer that Rasnvemisnl metjotas minitnizing these pueblpras iF Bgompuriseiccr oseconds i s
typical. If less tine is required to actually conp| gt .the. transfer, the
r emai Nitfg #reRtnicenttasbegowanktite o ASRGG] ¥ anredetefgiined pyric Pfgt}’i'&pe%?e the system and
| ead to increased power usage by unnecessari | dell_ﬂ/i ng, ent ry into a sleep
state. entering the sleep state by sending a Stop indication to the AGP-GC. This predefermine

time period is supposed to be long enough so that AGP-GC 13 can stop issuing requesis,

and any requests that have already issued will have time to work their way through queue

12 and then complete their data transfers. Since the exact amount of time necessary to do

15  these things is variable and somewhat unpredictable, a time period is chosen that is

assumed to be sufficiently long to complete any data transfer that has been requested. A

time period of 32 microseconds is typical. If less time is required to actually complete the

transfer, the remaining time is wasted, which can affect the efficiency of the system and

lead to increased power usage by unnecessatily delaying entry into a sleep state.
20  However, if more than the allotted time is required to complete the transfer, some of the
data will be lost when the time period expires and a low power state is entered before the
data transfer completes. Thus, the problem of lost data and errors is reduced, but not
eliminated, by the use of a predetermined delay between announcing an intent to enter the

low power state and the actual entry into the low power state.

25



20 However, if nore than the allotted tinme is required to conplgyejihe 20 5
transfer, sonme of the data wll be |lost when the tine period expires an

| ow power state is entered before the data transfer conpletes. Thus, the
probl em of | ost data and errors is reduced, but not elimnated, by the use
of a predeWerx¥d del ay between announci ng an i nt ent PEQUSHEET t he | ow
power state and the actual entry into the | ow power state. 25 3 27 June

2005 WD 02/054202 P GON OF THE DRAWNGS Fig. 1
shows a system of thg%é%ﬁgﬁeﬁ% shows -#e AGP-CC interface in a
prior art syst ircuit of an enbodi ment of the

i nventi on. :égdSh E%mnggb]g%ggs of an enbodi nent of the invention.

DETAI LED DESC% PE'S%S%A%&WEMM}JH&%E q.nvention provides the

capablllty for graphlcs controller intertace, referred to herein as an

AGP- &C, to si 915]% 3 MRtRBEyitlof anicmibAtBNs of the@nventidhiet her it has made any
unconpl eted reqliests, so that the core controller can delay entering a | ow
I

power sfate Unfag':;shé&k%p%&%g%n&alﬁudﬁﬁﬁmmémenaﬁry pendi ng requests. As wil
be seen, this capability can also be used to initiate an exit froma

sleeplng state when the AGP-GC has a request to make 15 during a | ow power
state. The invention also provides the capability for the core controller
to signal the AGP-CGC of an intended entry into a | ow power state so that
the AGP-CGC can cease issuing requests to the core controller. The

i nvention can be i NOEFAIDERDESCRIPTION F TR INVENTEAPY, one fromthe core
controller to notify the AGP-GC of an intent to enter a | ow power state,
and t he second

10 The invention provides the capability for a graphics controller interface, referred to
herein as an AGP-GC, to signal whether it is busy, i.e., whether it has made any
uncompleted requests, so that the core controller can delay entering a low power state until
the AGP-GC has completed any pending requests. As will be seen, this capability can also
be used to initiate an exit from a sleeping state when the AGP-GC has a request to make

15 during a low power state. The invention also provides the capability for the core
coutroller to signal the AGP-GC of an intended eniry into a low power state so that the
AGP-GC can cease issuing requests to the core controller.

The invention can be implemented with a pair of signals, one from the core
controller to notify the AGP-GC of an intent to enter a low power state, and the second

20 from the AGP-GC to notify the core controller whether the AGP-GC has an uncompleted
request pending,

Fig. 3 shows a portion of a system incorporating the invention. AGP-GC 33 can
communicate with core controller 30 over AGP-GC bus 36, which, as in the prior art, can
include a sub-bus 36A for requests from the AGP-GC and a sub-bus 36B for data transfers

25 apd for commands to the AGP-GC. A diagonal slash through a bus line indicates it is
_ 4



20 fromthe AGP-GC to notify the core controller whether the AG§7Qﬁng§g@B
unconpl eted request pending. Fig. 3 shows a portion of a system

i ncorporating the invention. AGP-GC 33 can comunicate with core
controller 30 over AGP-GC bus 36, which, as in the prior art, can include
a sub- bus @eM2MB202r equests fromthe AGP-GC and a sub- bavul6eBsior dat a
transfers 25 and for commands to the AGP-GC. A di agonal slash through a bus

line indicates it is 4 27 June 2005 WO 02/054202. P / 44870 conposed
of mul tipl c@mp¢sa¢b@,m%ieélﬁeSaW1é°h§W6Wé‘§a%{“%ﬁ"ﬁ ‘%“aﬁ‘d’ﬁ&@ﬁgﬁ@%i ne in the

figure for sinpplicity. Varjous K buses n . gr ation of the
i nvent i on §impligiy V&@ﬁ@%‘(‘f@ﬁ’t"‘nl’eﬁ@hé%?‘a@?“%ﬁ%@%%{%&sﬁgﬁgﬁweiﬁﬁes and their

i ndi vidual functiagns.. Core cont,r ol G facilitate a data transfer
bet ween t hi® @egpr eaﬁa%Wé@ﬁ ?ﬁaguﬁgﬁg%%g%%?ﬁé a request fromthe AGP-GC,

establ i shi ng acﬁrgﬁm%ﬁgﬁe?%%aﬁﬂcm@a&Qdél?t%wpbem@&%etx@m gidiiepgrydat a bet ween

the AGP- GC and read and wite requests can be facilitated in

this mannet, ..l BdohchisOibel B RUSCESauthlifdh eafubiaio witartiand AGP. GC bus. t he

i nventi on can ude two other control lines, a warning line and a

busy 11 ne, 'ﬁ%ﬁﬁﬂ. e Kbben e XEP-BCth@mérors | Rpfiftkadnat i GFRSAGR and AGP_BUSY,
Tb. esé

respective 't nes can be used to control sone of the entry and

exit sequepcesiidit & ASRr.GC and the core controller frompower managed
states. These two signal nanes have been chosen for their functional

descri pti veness, 4t AisRs Fhioh bsh bAGRar3Ed AGPYGC busdlte invivition eAtéli? d not be
interpreted as a requirenment that the invention be restricted to a system
usi ng t hesg @RS othddcdnireiquan wantfgine acla busy lime debelpdin Figi 3withitRec| osure to a
"sleep state". This termis frequently used to refer to industry-defined
| ow powgr §inat RmGHETPAAGE Ride GPHBITS Y respectively. NP lines can be used to control
some of the emtry and exit sequences of the AGP-GC and the core controlier from power
managed states. These two signal names have been chosen for their functional
descriptiveness (stop AGP-GC and AGP-GC busy), but this should not be interpreted as a
requirement that the invention be restricted to a systern using these names.
15 Frequent reference is made in this disclosurs io a “sleep state”. This term is
frequently used to refer to industry-defined low power state C3, a state that prevents AGP-
GC requests from being accepted and serviced. States C0 - C2 permit AGP-GC requests
to be accepted and serviced. The intent is not to rigidly apply the invention only to a
predefined industry standard. Any reference herein to a slegp state can include any power
20  state that would prevent AGP-GC requests from being accepted and serviced. By the
. same token, any reference herein fo exiting a sleep state can include transitioning from a
sleep state into any power state that permits AGP-GC requests to be accepted and
serviced.

The stop signal STP_AGP can be asserted by ICH 39 fo signal AGP-GC 33 of an

25 - intention to enter a sleep state. The decision to enter a sleep state can be made at various
5



GC requests from being accepted and serviced. States CO- C2 p 1 U%%
requests to be accepted and serviced. The intent is not to ri S?g}jyr%;gly
the invention only to a predefined industry standard. Any reference herein
to a sleep state can include any power 20 state that would prevent AGP-CGC
requests fwom/senng accepted and serviced. By the sarexwsokesio any
reference herein to exiting a sleep state can include transitioning froma
sleep state into an ower state that rm.ts AGP- requests to be

accept ed 8?1‘8““@%‘%\% | ca é“agfQﬁheéﬁmé?férg%glamﬁfﬁ@g%%’%d%g%serted by | CH 39
to signal AGP- 33 0 n. 25 intentiaon to. ent.er eep state. The

deci si on f%cuw'%}selgesstﬁee%rb’ans_ a ggeggt're]m%@gﬁ%eﬁﬂeeg%%lgﬂ \%?elq'(%)eﬁts& 5 27 June 2005 WO
02/ 054202 (el oA AAREDRE 1AL feclsln Egleﬂ%@%%sﬁﬁhted, b poRGafiBAe 110 L e

processor Dby software, ‘or can be na circurtry that senses the demands
on the Sy%g{&eﬂﬂgnt%ﬂﬁgr B8 Secbion! BiAdrons BEHN Gl cibiderGORRRND 1O enter a sleep

state. The decision canh also be distributed, wth various parts of the

syst emscoeacﬁdi:%y& Bl §1Qp bhtE, sRBCIafbuR Parts DEBYy QB mipfiQle Affseted BthOE consi der ed
before 5 deciding to enter a sleep state, since various parts of the system
m ght be afd®m! Rndsmbbiifen: 386y ifio@Bleepl steQ BnIRNNIAS isysAt sofeddé,r y into a sl eep
state is controlled by systemsoftware, based on inputs fromvarious parts
of the sy$dsedan ihpas frod ivieBuspasts gl sysia) hiviedige sipadi fiomlcbre contr@@r r equest i ng such
entry. Regardl ess of where or how the decision is made, it can be
conmuni c at@esqiestindtieh Gy 3Beghidlesswdjivharon dovwe thedacisioh Bimad)it caibace t he AGP- GC
typically to only has signal connections with the core controller. In a
typi cal systramcatpbndGPEE3tobugh kogeamtraliet 3§i since the AGBIGE tysatly ol | er i s | ocated
in 1CH 39. Therefore, the signal STP_AGP can be originated in ICH 39 and
communioc atdylhad sigiabtohnections WiRhea3Qre38ntplers Wavrpicelsysriny povger contplce STP AGP i S
asserted, AGP-GC 33 can have a predetermned tine period to stop

logic within the core controller is located in YXCH 39. Therefore, the signal STP_AGP can

be originated in ICH 39 and communicated directly to AGP-GC 33 as shown in Fig. 3.
Once STP_AGP is asserted, AGP-GC 33 can have a predetermined time period to stop
issuing new requests. In one embodiment, this predetermined time period is one

15 microsecond.

The busy signal AGP_BUSY can be asserted by AGP-GC 33 to core controller 30
1o indicate that the AGP-GC is engaged in a transaction that should not be interrupted by a
sleep state. AGP_BUSY can be asserted when AGP-GC 33 places a request into queue
32, and AGP_BUSY can be deasserted when the resulting data transfer has been

20  completed.

STP_AGP can be asserted by ICH 39 to indicafe to AGP-GC 33 that ICH 39
intends to trigger a sleep state. This signal can alert AGP-GC 33 that AGP-GC 33 needs
to stop issuing requests and to complete all requests that have already been issued.

In one embodiment, ICH 39 can check the status of AGP_BUSY before assetting

25 STP_AGP. If AGP_BUSY is asserted when ICH 39 checks its status, ICH 39 can
6



i ssui ng new requests. In one enbodinment, this predetermned ti i {
one 15 m crosecond. The busy signal AGP BUSY can be asserted b?ﬂ(ﬁk&@ﬁ

to core controller 30 to indicate that the AGP-GC is engaged in a
transaction that should not be interrupted by a sleep state. AGP_BUSY can
be assert eWORHEMRIAGP- GC 33 pl aces a request into queukCT/BGR44amd AGP_BUSY
can be deasserted when the resulting data transfer has been 20 conpl et ed.

STP_AGP Cgﬂaftpo%egﬁét‘ﬁ{ 596 AP {ﬁ';tée%%fllﬁsl{ hed6Hhes Alafsered. ﬁ?f C?U st hat 1 CH 39

i ntends t I gger sleep s s signal can - GC 33 t hat

ACP: G 33 daReSa, iriRul AR heo80H.00 e AURRS SnARfb AoRARLELE Bl Tequests that

have al ready been 1ss In one e can check the status of

AGP_BUSY hefhmked, 91%1%@14:49@91 asst SH | %@Pwaltlf&r #RERIBYRNed fndsagdbed when | CH 39
checks its status, can - ~ 6 27 June 2005 WD 02/ 054202

PCT/ USQL/ %é&i?ﬂGP—@@twgﬁﬁs aﬁ%ﬁwfetrbdﬂ:gstﬁﬂi&’ {3 20aH then WERRmBRYdaRECOMES

deasserted. If AGP BUSY is deasserte i ndi cating that the AGP-GC does not
have any pemdirplhss FQURAlise feqiaits H&eeld:ertdﬂmbleted eONhEdng ebquéshen 1 CH 39 can
assert STP_AGP, wait for the predetermned tine period to see if AG-CC 33
pl aces anyuemeBRattiedime ST AGRtfirs}amered 3@ anpues rédnests pleddtintonieid 32t he data 5
transfer phase of all pending requests have been conpl eted, including any
request s idaringdheguget@inad tihdyeriod. e SiRlah@nsies pHases sitheasgmdinged and any new
requests placed into queue 32 during the predeterm ned tine period. Once
t he dat a trequeststheve bpsiasrepetadf cordrenielleydn cinsepd a sigmplie e CPRiHY &itlsisen conpl et ed,
core controller 30 can send a signal to the CPUto initiate entry into a
sl eep st atrlry SFpslgpptaabil AGR 9 resainasterefl vnithelsystaydatencxiteths | at er exits the

10  sleep state,

In one embodiment, ICH 39 can initiate eniry into a sleep state by sending a signal
or message to the CPU that a sleep state is desired. This signal or message can also
indicate which sleep state is desired, if there are more than one. The CPU can then
execute software that directs the various circuits to actually enter the sleep state. This

15  direction can be any of various known methods.
Sometimes AGP-GC 33 will need to initiate a request when the system is already
- in a sleep state. However, ICH 39 cannot respond to a request while it is in a sleep state.
In this instance, the signal AGP_BUSY can be used to request an exit from the sleep state
and into a state that permits data transfer requests by the AGP-GC to be executed. When
20 ICH 39 detects an assertion of AGP_BUSY while in a sleep state, ICH 39 can send a
signal or message to the CPU to exit the sleep state. When the sleep state has been exited,
STP_AGP can be deasserted, signaling AGP-GC 33 that it may send requests to queue 32.
In one embodiment, exit is made to state C0. Another embodiment permits an exit to

states C1 or C2 if those states allow sufficient operations to continue.



10 sleep state. In one enbodinment, ICH 39 can initiate entry in
state by sending a signal or nessage to the CPU that a sl eep s?gt‘g‘ﬁé%bs
desired. This signal or nmessage can also indicate which sleep state is
desired, if there are nore than one. The CPU can then -execute software

t hat direcwe0t4se20vari ous circuits to actually enter tRer/s$oees7state. This
is direction can be any of various known nethods. Sonetinmes AGP-GC 33 will

need L0 10111 o4 NG SlnatO90 ACPSONEH BSY SRR W hilo 51 oop State

However, | CH not request In a sleep state.

In this i r&%&:ﬁ%ﬁ%ov@ Eﬁy%&n@@?&fﬁﬁﬁy—é ge@ﬂgﬂg@otﬁ&@gcegsgs th gapest an exit from

the sleep state a state t permts ta transter requests by

the AGP- G@n&@maﬁb%mas&s s inWRR I Ak B ACLASERAPBOSY L on of ACP BUSY

while in a sleep state, can send a signal or message to the CPU to
exit the %igﬁﬁmcs&@iﬁsleeMevtemthsha@m@& MSudyasy Beedhetsted, @d, STP_AGP can be
deasserted, signaling AGP-CC 33 that it may send requests to queue 32. In

one eﬂbi)dlsj?ﬁblﬂ{may&éﬁhztm ing slegpafiteleGen $fitieet BGTAGY: refiivers skt @b @@isle®Nt pernmits an
exit to states C or C if those states allow sufficient operations to
conti nue. sfitedy asierthey ABOBUSYWO 02/ 054202 PCT/ US01/ 44870 Al t hough the two
signals STP_AGP and AGP_BUSY can operate in the manner described above,

t hey can be sUﬁg#6&Hmabmmdewouhhedwmﬂmahﬂmmmﬁbhnwmphnﬂ%s@@ssto occur.

There may be circunstances in which the systemw || ignore an asserted AGP
BUSY si gmekesaerd beercentedavitsin e@peostreliesile Sep4QSican tagresGin @Eiiaakst i | | busy. By
the sane token, the 5 systemnay renmain in a sleep state even if the AGP-CC
request s alnte 60i €1, en(@pintiliish A GBE§ reqesiptae Hoipg apseptadendngocaSH bBESY. Fig. 4 shows

a process 400 of the invention. In one enbodiment, the steps of this
10 controller 30. If there is no indication that a sleep state is desired, the prooess can

repeatedly loop through steps 405 and 410. However, if a sleep state is desired, the
AGP_BU_SY signal is checked at step 415, If it is asserted, the AGP-GC is busy
processing a request, which has been issued but not completed, and ICH 39 can defer any
attempt to enter a sleep state by looping through steps 410 and 415 until the AGP_BUSY
15  signal is deasserted. Note that if the intention to enter a sleep state is withdrawn while
AGP_BUSY is being asserted (for example, to service another device that is initiating a
memory transfer), the process will revert back to the operational loop between steps 405
and 410,
If AGP_BUSY is deasserted, or becomes deasserted while the system is indicating
20  asleep state is desired, ICH 39 can assert the signal STP_AGP at step 420. This gives the
AGP-GC a predefined time period, such as one microsecond, to stop issuing requests.
Requests are accepted during that time pericd at step 425, At step 430, any pending
requests are completed. Pending requests can include any AGP-GC data transfers that are
in progress, and any AGP-GC requests that are in queue 32, including any that were issued

25 dﬁring the one micro-second period. Once these pending requests, including their data
3



process can be executed wthin core controller 30. Step 405 canpre

an operational state CO O, or C2, in which AGP-CC requests a?Z ‘E'g?%g?nos
accepted and processed by core 10 controller 30. If there is no indication
that a sleep state is desired, the process can repeatedly |oop through

st eps 405 WAA2Z¥F1Y2 However, if a sleep state is desir Bal/USN&BTOAGP BUSY
signal is checked at step 415 it is asserted, the AGP-GC is busy

o dof er S %ﬁ%ﬁqﬁt%‘?@afwaﬁﬁw%'@%%%f&lby%vﬂﬁ st "B ough ‘st eps 410
and 415 un{ c!oesea% ?tgp%ﬁgagpcglsnYthe]E? ag%n?HVéf l%gmt%ﬁﬂvﬁ-,‘&]gp B% at if the

intention to drawn JSY i s being

asserted (f RlnfiOiRlstied R RELYLA RoF YDA, O #:ﬁUﬁﬁF'ﬁtassérEd' nitiating a

menory trans er € process W rev “to the ope€rational |oop

bet ween s t1ﬂ?&hr§§q§e A@lm Behddes td tilalce‘g?eqﬁls%t i‘eﬁuﬂ@% AFdiVeRiEht oorsPECONES

deasserted whil'e the systemis indicating 20 a sleep state is desired, |ICH
39 can assghionte, BHGD adn sRIdPihéfbcetor 15 bAPREp st whicHit ¥Rsatkle AGP-CC a
predefined time period, such as one m crosecond, to stop issuing requests.
Requests aug @ﬁé@cﬂééﬁﬂtr&léﬂﬂﬂh&Haﬁ&%aﬁehéﬁﬁt&ﬁﬂhf@ﬁrtaﬁ_&mﬁtﬂﬂm At step 430, any
pendi ng requests are conpl eted. Pending requests can include any AGP- GC
dat a tr angkmiitting NGP-GAI38 to Hefin PEGTEBSSTs tAGBICHIY agd@Rt EP 408 quest s that are in
gueue 32, including any that were issued 25 during the one m cro-second
period. Once tOixsarsyeaheievegts riggredy stherideddesicinalgo ¢ahwitie prbegssor 108 27 June 2005
WO 021054202 PCT/ US01/ 44570 transfers, are conpleted, ICH 39 can signal the
processor etiothe sleapisateat stapd4s bverif the AGP€3C dokd robesserttAGToRIdS atTheeep 435. Once in
the sleep state, ICH 39 can nonitor the AGP_BUSY signal. If it remains
deassent edventsmdﬁmgtse@@edmmﬂ HOp a@ﬂ(ﬂ@mé@thm@@fshﬂfmﬁh@f@@w i s asserted,

i ndicating the AGP-GC wi shes to make a request that requires the

i nvol venemmiitsd herejoavoid obscuring the invention.

The foregoing description is intended to be illustrative and not limiting. Variations
will occur to those of skill in the art. Those variations are intended to be included in the

~ invention, which is limited only by the spirit and scope of the appended claims.




5 controller 30, ICH 39 can signal the processor to exit the slgep
which it does at step 445. Once core controller 30 has been a Ze"’r@t‘??ﬁos
can deassert STP_AGP at step 450, permtting AGP-GC 33 to begi n naking

requests to GMCH 38 again at step 405. O course, other events triggered by
ot her devices can al so cause the processor to exit the sleep state at step
445, even if the AGP- GC does not assert AGP_BUSY. These 10 events, and the

associ at edypEegess steps,. are known to those of skill in the art and are
omtted here to avoid obscuring the invention. The. foregoing description is
intended to be illustrative and not limting. Variations wll occur to

t hose of skill ,i [ se variations are intended to be included in
t he inveﬁlti onéh\%ﬂé%%uggsﬁnﬁﬁ?%d only by the spirit and scope of the

appended clains. 9 27 June 2005 W claim 1. An apparatus, conprising: a
graphics controller; . a core controller having an operational state in which
the core BEFPPS PEIOUSE, facilitate a data transfer with the graphics
controller; and a first | ow power state in which the core controller cannot
facilitate a data transfer with the graphics controller; a bus coupled to
the graphtedeeopftllst ha¥ingand the core controller to transfer a request from
the graphics controller to the core controller to transfer data; a warning
line to transfer a first signal fromthe core controller to the graphics
cont r ol | e#n opgragional siatesin Whicheghe core centeiler can fasilitoted datagrasfef withnthehgrapiicsphi cs
control l er to,dhe core controller; wherein the second signal has a first -
state and a secbnd state, the first state is to indicate that

a first low power state in which the core controller cannot facilitate a data transfer with the

graphics controller;

a bus coupled to the graphics confroller and the core controller to transfer a request from the

graphics controller to the core controller to transfer data;
a warning line to transfer a first signal from the core controller to the graphics controller; and
a busy line to transfer a second signal from the graphics controller to the core controller;
wherein the second signal has a first state and a second state, the first state is to indicate that
the graphics controller has initiated a request fo the core confroller to facilitate the data
transfer and that the transfer has not been completed, and the second state is to indicate that

». the graphics controller has not initiated a request to the core controller to perform the data

" transfer that has not been completed.

2. The apparatus of claim 1, wherein:

the first state is further to indicate, when the core controller is in the first low power state, that
- the graphics controller has a data transfer request to make to the core controller; and

10



the graphics controller has initiated a request to the core con?thhﬁ?%pqp
facilitate the data transfer and that the transfer has not been conpleted,
and the second state is to indicate that the graphics controller has not
initiated a request to the core controller to performthe data transfer
that has not been conpleted. 2. The apparatus of claim1l1l, wherein: the
first state is further to indicate, when the core controller is in the
first low power state, that the graphics controller has a data transfer
request to nmake to the core controller;, and 10 27 June 2005 the second

state is fRECAHE stae s Authentodndigpfevhandheerecentmileds indhe fisst low paveer siptest | ow
power st atge el h;cg%%gf(ﬁgﬁpa%gnm%gh%tgﬁ%gﬁ&ﬁn&g% baxsg. data transfer

make to controlleér. appar at us, r'sing: a graphics controller; a
core controller having an operational state in which the core controller

can facil htate r fer with the graphics controller; and a first

| ow powerb'stat éﬁiaﬁ%%h ﬁ%s%re cont rolgl elro cannot facilitate a data
transfer with the graphics controller; a bus coupled to the graphics
controller and the cqore controller to transfer a request fromthe graphics
cont rol | ef 5% f\‘é(’“&?ﬁ%r’control ler to transfer data; a warning line to
transfer a first signal fromthe core controller to the graphics
controller; and a busy line to transfer a second signal fromthe graphics
cont rol | ef <96 PHWLEHhagoNt rol | er; wherein the core control ler has a
second | ow power state in which the core controller can facilitate the

data transfer. 4, A system conprising:
an operational state in which the core controller can facilitate a data transfer with the graphics

controller; and

a first low power state in which the core controller cannot facilitate a data transfer with the

graphics controller;

a bus coupled to the graphics controller and the core controller to transfer a request from the

graphics controller to the core controller to transfer data;
a warning line to transfer a first signal from the core controller to the graphics controller; and
a busy line to transfer a second signal from the graphics controller to the core controller;

wherein the core controller has a second low power state in which the core controller can

facilitate the data transfer.
4. A system comprising: |
a processor;

- amemary,

11



a processor; a nenory; 11 27 June 2005 a graphics processor, a%9fifhe 2005
controller coupled to the processor and the nenory, the core controller
havi ng an operational state in which the core controller can facilitate a
data transfer with the graphics controller; and a first | ow power State in
which the core controller cannot facilitate a data transfer wth the
graphics controller; a bus coupled to the graphics controller and the core
controller to transfer a request fromthe graphics controller to the core
controller to transfer data; a warning line to transfer a first signal from
the core @@WPhiss PECessei;t he graphics controller; and a busy line to
transfer a second signal fromthe graphics controller to the core
controller; wherein the second signal has a first state and a second

state, the chiercontralleatapial to ¢hei maticsat end thamentog thyr@phéongroldarizviog | er has
initiated a request to the core controller to facilitate the data transfer
and that the transfer has not been conpleted, and the second state is to

i ndi cat e hhaperational sgiteiphiigich the Bble@bhtedlichag Meilitatd ¥ ddtpdramifor withareghplic t he
core controller to, performthe data transfer that has not been conpleted.
5. The sy§?§ﬁﬁﬁ$m$1ain14, wherein: the first state is further to indicate,
when the core controller is in the first | ow power state, that the
graphics controller has a data transfer request to nake to the core

cont rol | et firshlow paveer Statomavhiehuthe cors contrallseeannes favititatee data tnsfer with theor e

controlIe%3@ﬁ0§&555ﬁ&jirst | ow power state, that the graphics controller
does not have a gata transfer request to nake to the core 12

a bus coupied to the graphics controller and the core controller to transfer a request from the

graphics controller to the core controller to transfer data;

a warning line to transfer a first signal from the core controller to the graphics controller; and
a busy line to transfer a second signal from the graphics controller to the core controller;
wherein the second signal has a first state and a second state, the first state is to indicate that
the graphics controller has initiated a request to the core controller to facilitate the data
transfer and that the transfer has not been completed, and the second state is to indicate that
the graphics controller has not initiated a request to the core controller to perform the data
transfer that has not been completed.

5. The system of claim 4, wherein:

the first state is further to indicate, when the core controller is in the first low power state, that

the graphics controller has a data transfer request to make to the core controller; and

 the second state is further to indicate, when the core controller is in the first low power state,

that the graphics controller does not have a data transfer request to make to the core .

12



27 June 2005 controller. 6. A system conprising: a processor27qmﬂﬁg2005
a graphics processor; a core controller coupled to the processor and The

menory, the core controller having an operational state in which the core
controller can facilitate a data transfer with the graphics controller;
and a first | ow power state in which the core controller cannot facilitate
a data transfer with the graphics controller, a bus coupled to the
graphi cs coptsirelk!l er and the core controller to transfer a request fromthe
graphics controller to the core controller to transfer data; a warning |ine
to transfer a first signal fromthe core controller to the graphics

controll er; ang}]sgéteﬁuéc}fn dsi-to transfer a second signal fromthe graphics
controller tot cofe controller; wherein the core controller has a

second | ow power state in which the core controller can facilitate the

dat a tran?f%;. 7.. A nethod, conprising: delaying anintent to. initiate a

sl eep sta glqwﬁﬁgraphics controller is asserting a busy signal; 13 . 27
June 2005 signaling an intent to the graphics controller to initiate a
sleep state if the graphics controller is not asserting the busy signal;

i ndi cati n§™™P5y condition if the graphics controller has initiated a data
transfer request that 1is still pending;

a graphics processor;
a core controller coupled to the processor and the memory, the core controller having

an operational state in which the core controller can facilitate a data transfer with the graphics

controller; and

a first low power state in which the core controller cannot facilitate a data transfer with the

graphics controller;

a bus coupled to the graphics controller and the core controller to transfer a request from the

graphics controller to the core controller to transfer data;
a warning line to transfer a first signal from the core controller to the graphics controller; and
a busy line to transfer a second signal from the graphics centroller to the core controlier;

wherein the core controller has a second low power state in which the core controller can

~ facilitate the data transfer.
7. A method, comprising:
. delaying an intent to initiate a sleep state if a graphics controller is asserting a busy signal; -

13



not entering the sleep state if the busy condition is indicatedp+ Rqj '

a not busy condition if the graphics controller has not initiatggd%aggﬁ%oﬁg
transfer request that is still pending; and entering the sleep state if
the not busy condition is indicated. 8 The nethod of claim?7, wherein said
signaling an intent is executed by a core controller. 9. The nethod of
claim?7, wherein said indicating a busy condition is executed by the
graphics controller. 10. The nmethod of claim7, wherein said indicating a
not busy condition is executed by the graphics controller. 11. The nethod

of cl ai m Figngling Hdpteaiomiha granhics contgelies td iniflatye derp stateif Hieasanbisscewtaller t o
exit the glg QSS%M%QIEEPMF | gating the busy condition during the sleep
state. 12. T(ﬁe nmet fod o {Vc aalﬁfn 11, further conprising: responding to
requesting by exiting the sleep state. 14

indicating a busy condition if the graphics controller has initiated a data transfer request that

is still pending;

not entering the sleep state if the busy condition is indicated;

indicating a not busy condition if the graphics controller has not initiated a data transfer

request that is still pending; and
entering the sleep state if the not busy condition is indicated.

8. The method of claim 7, wherein said signaling an intent is executed by a core

controller,

9. The method of claim 7, wherein said indicating a busy condition is executed by the

graphics confroller.

10.  The method of claim 7, wherein said indicating a not busy condition is executed by

the graphics controller.
- 11.  The method of claim 7, further comprising:

requesting by the graphics controller to exit the sleep state by indicating the busy condition
~ during the sleep state,

"12.  The method of claim 11, further comprising:
‘ responding to request';ng by exiting the sleep state,

14



