DI SRUPTI NG ACCELERATED CGRAPHI CS PORT TRANSACTI ONS BACKGROUND OF THE

| NVENTI ONy&-02fok£bsl of the Invention The invention pertai npcgarkei/mshy to
conputer systens. In particular, it pertains to WO 02/ 054202

PCT/ USO01/ 44870 managi ng transitions between power states in conputer
systenms. to 2ZENPERING ANDEXITING POWERMANRAGEDSTATER S gn has
relied on MgATEGUP PISREPTING ACCEVERATED GCRAPHICSPGRIS Vol unes of
data transfers, nmany conputers %ﬁ |@;P((§N§ated a chip set, often referred
to as the "core", or "core con? I%"rs“ ct as a centralized controller,
. providing separate interfaces and control logic to connect the processor

b | his ensed 1t oous. on oRERGTeS i uB Ty  or aphi quuant o oc
Sf e, O
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interfaced to the core controller through a dedi cated graph

version of the graphics controller interface is referred to as .

Accel er at ed Grafphi cs Port graphics controller (referred to herel 1°8% the
AGP- GO) elaeotthesin cting bus is referred to as the AGP-GC bus. Read
and wite requests fromthe AGP-GC are used to initiate nulti-byte nenory
transfers bet WbemventiongGraicrsena!lyiorpompuiehsystepiss In patieilgit pertainsde e
controller. Fig. 1 shows a conventional system1l with an AGP-GC 13, CPU 11,
syst em nmenaaging transitivohs petmiegrhpaveer stitesincomputet §ystems.5 connected to core
controller 10. Peripheral bus controller 15 m ght actually be several

di fferent bus controllers, but is shown as a single commwmmmmmm“s
controller for sinplicity. Core controller 10 rmay incl diid s/ menory
control n)Defcavkibh ofltBe Relaramirr ol transfers to/from menory +s)€+«02/ 05a202
PCT/ USCL1/ 44870 14 and AGP-GC 13, and an 1/O control hub (1CH 19 to control
transfers t o/ fA;QBmpPetet Bdiihdbs RRUEd GONdre @hd Bbe)budds.to ACBMMGddt8 increasinnnect ed to
core controller 10 through bus 16, which is shown as two separate sub-buses

16A and %ﬁmem?aaa SN Sy BbAPEGO WVe SRBAIOAE] ¥cHASGR RN fdRRNedast somewhat
i ndependently to performdi f?ler ent functions, even though they can be

consi der eag élgé;ﬁ: MSor “@tﬁ'gﬁan e’oBbtds a genﬂ?g%%wﬁtrélﬁﬁ‘zpr&%iﬁé deplate’ €ferred to

as the si conman address bus , carries reguests from AGP- GC
rocer tha MERHERRS b RRS el hnk e AREEABHERL), Soiek iRt Sy o RC" 15°
GVCH 18 <SR PR S i IR SRR o op Bl MM oSS TS
OHS o o ARl e e T A Bl B R o
1 batt er guetsHoR 10y et SRR L BBty BT OHE s Acedper Sebfil em subh
ahen | eashat BAPHiSKEORERHSF (T RTBUIMSER 4P Sy HALK 1 DARHBRRBA Py 11 can
1P ot ORISRl O R R 27 ety
C2 (stop CPU cl ock, but allow other devices to comrunicate with nenory by
permi tti nigitiaterroulti-byteongsnory yransigrgbatween the AGP-GC and memory that pass 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



20 (sleep state - stop CPU cl ock, nenory operations, and rel ated bus
operations). CPU 11 can be restarted (returned to CO fromstates C2 or C3
by a si gngly dhfoigesore controller 10, which contains its pe@yysepndsiel | ogic
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

consi der gd zh8 ATP-GAAB Lahd @dn WO dontEal hup (ICHMD0@ @Bl ipmsfesar/fitogOl/ ~: 1870
Entering | ow power state C3 can cause problens with the operation of AGP-GC
13 becausRrifidralibus Bénfrolidi{sy 15t at e can prematurely termnate any AGP-GC
transaction that is in progress, causing a | oss of any untransferred data

. and | oss or CYERYT 1BMNs &nnadied toeareeshisoller hiadhrouply busnl 6gqwhigh islshowAus, from
the tinme AGP-GC 13 places a request into queue 12 until the time the

resul ti ngudatsirite fbSHusss 16ASnIQ6B. ThEPIses-Bibes drbshosystamtsll bedadsesthiai d
- entering the C3 state. Unfortunately, a conventional AGP-GC interface bus

| 6 has; no, hapdsiakindGerdeaily & Mot diffeteAruAéiins evdnhbughnisdy day b&MCH 18 t hat
AGP—Gé 1%0Eas a peng%ﬁg er ej(’queﬁsét for which the data transfer has not been

conpl et ed s ORakyJwRl iR Beh. of subibn 16 &, isbdetiniRsefepédiolast® is to
conmmuni ca%ogéfiﬁg&%‘géﬁdﬁt gﬁtgtll on to%entsgr a |l ow power state to AGP-CGC 13 a

pr edet et 1 agd, P&l Rla9ha bd s B @A) QahBE el Mo hAEPRGE U181 Sinklates endi ng a

Stop i ndi Is’predetermned tinme period is supposed
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efficiency of the systemand | ead to increased power usage by unnecessarily
del ayi ng ERUrly tp AGH-GC 4B dupnghiGMEH B However, if nore than the allotted
time is required to conplete the transfer, soneg of ths data will be | ost
when the time Inersepatatesdgyielapaientneoraputes iy sswidiave ingeraorated loyy-BPYY SEtSor e t he
data transfer conpletes. Thus, the problemof |ost data and errors is
reduced, hidonseste eleigy] aspecially ibatterwpavrsedstystamp r ¥artone poriARsPdel ay bet ween
announcing an intent to enter the | ow power state and the actual entry into
the | qw peyRputeisgsten, sith as tiproIs8E 480 or8RINERIOEBARE PIRFEIND GROTREVERAW NGS
Fig. 1 shows a systemof the prior art. Fig. 2 shows the AGP-GC interface
in a priOk@lvihes ¥ous®Iv, arfdi rgactiSatsd@han meedddragaint Ingfartionlan @1 heantbeof t he
invention. Fig. 4 shows a process of an enbodi nent of the invention.
DETAI LED DESGRhRZNEN poiwerTsrites, SddmbanIibeed CUGREh A4 atian), Thésxeaweent i on
provi des the capability for a graphics controller interface, referred to
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 C0) 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.c., 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.



herein as an AGP-GC, to signal whether it is busy, i.e., whether it has
made any unconpl eted requests, so that the core controller can del ay

entering wolg@@spgyer state until the AGP-GC has conpl et ed pemyysegighag
requests. As wll be seen, this capability can also be used to initiate an

exit froma sleeping state when the AGP-GC has a request to make 15 during
a | ow pover sigifing IWepdwiy SteiC3rtankanse probleind esthitheeoperapianbpf AG)-Got3 t he core
controller to signal t%e AGP- GC of an intended entry into a | ow power state

so that g, @Fudintoflis SRR hituuRly feRmiums usy AGPiGtransadtion et isdh| er. The
i nvention can be”inplenmented with a pair of signals, one fromthe core

control ler to noti; 43¢ uikareferrad diti iy bsston cemiption of dnyuequester st at e,
and the spé%%ﬁ%f’ ‘%‘E‘w%% t?le GP-GC to notify the core controller whether the

AGP- CC has an.unc eqyiLHbRShe MRNAGRIEC 3 places aéymest io gusueildn of a
. system i HSWW%Pﬁ@eﬁgéqP‘E\s\’/enti on. AGP-GC 33 can communicate with core

control ler . ver, aGEs Whivebh coafpldtél, tHeRyqidn slioult dvpidcan i ncl ude a
sub- bus M?%S‘Weetaﬁéeé?‘ﬁ%ﬁﬁ’%ﬁfé%@-m?ﬁ’d a sub-bus 36B for data

transfers 25 an a0 R FaGPAGdimagnabuslbaasnd hr ough a bus
line i ndi THIES tﬁ"t &?gtat&. m%qsaﬁlg’éa%g‘éﬁPC%/ USOL/ aa870 conposed of nultiple

lines, which are shown as a si,ngl 8~f ' i 18 tHaDAGRSGCE 1Phasen f or
si mpl i ci t Yandghaking PLOVIFIULE aﬁ%‘?‘lAblagJ ﬁgelgqﬁltédrtg?@l&%l?aﬁ on of the i r?venti onis

not dependent the exact .nunber of sign ' kgt hei r i ndi vi dual
functi onspenétf’fﬁé'e‘l‘lﬁﬁﬁff’b‘ﬂ“g}?&ggatﬁﬁﬁnsi%@?ﬁ?lgtk%e%nﬁata transfer between the

AGP- GC and nenory be accepting, a, reguest fro 2 : blishing a
communi cat i on Mconvertiorsl VlFth%gfWP&H@P@?‘?%%@OQ%@E%}@%@? ﬁtz{h%@ GC and

menory. Both read and wite request n.be facilit [ o] nner. In
addi tion tmeriios (@& tenaHPY mowaﬁt%Oé@'éﬁdér@r%%%!‘&BeﬁE"?,Q’dtc’ﬁé‘{"? o can
al so include two other control |ines, _a warnin i d . L1 ne,

| abel ed i entEiigg tha sleep $tate hy sending 8Siapandiation 0 @‘T’%_d/gé&arallﬁls %g?%%éd
respectively. These lines can be used to control_sone qf the en LY and exit
sequences tigfe gefiod AGRpIBS:dinde idng codigh se Bt AGPIE 13 FOTPIREIENENETEd st at es.
These two signal names have been chosen for their functiopal

descri pt i yadaspreqsdsanhadEReGEeaiydssnaPvitibapedng to Herk thqlﬁ‘gayéﬂ%%q%&? be
interpreted as a requirenment that the invention be restricted to a system
usi ng t hese ;@RS complefcrtisitdani transfers: Since thesxar @OV Of P NEFELRPIL dPe to a
"sleep state”. This termis frequently used to refer to industry-defined

| ow poyer gt @tt}ﬁné/ﬁs viiableah® sdniadhapurpreivtablepcHmeeriedjs ekasen thaldh bei ng
accept ed ancf serviced. States CO - C2 permt AGP-CGC requests

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 unnecessarily 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.
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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
sl eep st ajve RAB4NC! ude any power 20 state that woul d preweniusb{Arisee
requests from bei ng accepted and serviced. By the sane token, any reference
herein to exiting a sleep state can include transitioning froma sl eep
state into any power PRIEF DESCRIPIION QF AHE DBAWINGSts to be accepted and
serviced. The stop signal STP AGP can be asserted by ICH 39 to signal
AGP- GC 33 of @qg,:g@hw;@ e oftie Rioi &t. a sl eep state. The decision to enter
a sleep state can be nmade at various W O 02/ 05:1202 PCT/ USCL/ 44870 points

in the systemFi%tz SG5Ws the AT Ciifterfdee inpd priveagaystdny. sof tware, or can be nade
by circuitry that senses the denmands on the system and generates a signal,

request, or C g 1,92 ERLAIof 8n ShERBnéH of the inveeticdeci si on can al so be
< distributed, Wi 'h%ggr?%us parts of the systemcontributing to the decision.

Numer ous fact Qs .G I t 6f tHemivetiting. t o0 enter a sleep state,
since Vari ous%:%%ﬂtsgggggpﬁ’gg%lygfﬁ{eﬁ]%ﬁ?gﬁﬂ be affected by the decision. In one
enbodi ment, entry into a sleep state is controlled by system software,
based on inputs fromvarious parts of the system including a signal from
core controller 30 requesting such entry. Regardl ess of where or how the
decision is nade, it can be comrunicated to AGP-GC 33 through core
controll er 30, since - ' i gnal connections
with the core cont rowﬁﬁgﬁﬁéﬂp&gwgg@rﬁ%mﬁg?m rol logic within
the core controller is located in ICH 39. Therefore, the signal STP AGP can
be originated in ICH 39 and comuni cated directly to AGP-GC 33 as shown in

Fig. 3. Once STP AGP s asserted, - 33 .can jiged tine
peri odot o st opThesiaugniign aw%é‘a@ma@ﬁgfl fgrc%ﬁrgp}élgso% ?ér{rlgeﬁ?rfté}gaﬁgg&g{réeﬂdtgt er m ned

time period is one 15 microsecond. The busy signal. AGP can be asserted
by AGP- GCh@gintag au GP-GEntorsignplayhetisr {téfe‘i“%i‘%af”b%ﬂaﬁ hAatS H*eag‘g%& GC i s engaged
in a transaction that should not be interrupted ‘b}‘/i a ngePD stat e AGP BUSY
can be assptdngletodrequesEPsoCimtYB qoreropBoller £ tente P%afmv wepSjaie I AP BUSY
can be deasserted when the resulting data transfer has been. 20 cq | et ed.
STP AGP caie AGPTCRistconhpleediafyp@dingaeduasts. o wilk by spenpidgeagabilitg S0 41, 39
intends to trigger a sleep state. This signal can alert AGP-GC 33 that

AGP- GC 33 pr@esdixo lmitidte aperitan aglecping state whenilie AGPEaHRER WISt OMASfiest s t hat
have al ready been issued. In one enbodinment, ICH 39 can check the status of
AGP_BUSY hgfiRg £10%s&idrishag. 2he HlEntid@Rlso pfovilgPtiBoapabllgy ws8wecpEd when | CH 39
checks its status, ICH 39 can 6 WO 02/ 054202 PCT/ USA /44870 post pone
asserting SR IRER difal the AP -BUSY abmendeEbkentty drds @ lave powdr StalgGp I is
deassertecf, I ndi catrng that the AGP-GC does not have any pendi ng requests

that need f@plg CRMRARIRGing rdygetd tEtheIBremantralser t STP AGP, wait for the
pr edet er m%@%tétﬁl:rre peri od Eoéalsee if AGP-GC 33 places any nore requests into

queue 32, and H‘Px%’i‘m)@ﬂ{iéq bk kmpIBRerk At 4 pebsdfatgnpbame fof thddrpendi ng

requests have been conpl eted, 1 ncluding any requests in queue 32 at the

time STP AGP i fi SEEB. B FF iRGHY to Rir b 6 PO shteaaeithé ssbondqueue 32
during theCOBFglz%Itée}rfl%}f%g%‘ﬁ#re%peri (l)d. Once the data transfer phases of

these pendjng re hay HR1GRRthef B ACFAGCHas ituncafplerd send a
signal ®o é"?f&ﬁ%ﬁ???ﬁr{%}qgtgggﬁ%gy into a sleep state. STP AGP can renain
asserted until the, systemlater exits the 1o sleep state. In one

embodi nent 1€AYEPEGIEan initiate entry into a sleep state by sending a

si gnal

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  and for commands to the AGP-GC. A diagonal slash through a bus line indicates itis
4



or nessage to the CPU that a sleep state is desired. This signal or nessage
can also indicate which sleep state is desired, if there are nore than one.
The CPU c@ip d2fasirez execute software that directs the vari opgraisogidsté to
actually enter the sleep state. This 15 direction can be any of various
known net hods. Sonetinmes AGP-GC 33 will need to initiate a request when the
system i \?ﬁ?ﬁr{pre@%Yniuﬁip?e SileS S4hisH @2é showhlave siagle firCHo®d linwines figueasiobnd to a
request Ife it Isin a sleep state. In this instance, the signal AGP BUSY

can be usg I SOHES buddd B bé used Bfe.t Dperationayf teetiateatiomid npindependlenit at e t hat
permts ofgrggﬁct%é?sa#er requests by the AGP-GC to be executed. Wien 20 | CH 39

- detects ap. as3LlfPoP i%ﬁﬁ?ne@la’ﬁ{th%iddﬁzidualﬁnaioﬂep state, | CH 39 can send a

signal or nessage tot CPU to exit the sleep state. Wien the sleep state

has been exit ﬁQS% cREiACASRERAREr bawgaitthe AGPABDafdin@8otyhat it may
- send requests déeact’}‘?&e é)q'%ll?n o’ne enbodi nment, exit is made to state CO.

Anot her enbodi nent perm | b leQtablishing S commuaicatioh with mbmerg, st at es
al | ow Suf ?@F%‘P%ﬁg “5{1}%?1“3@‘3@&%1 nue. 7% WO 02/ 054202 PCT/ US01/ 44870

Al t hough the t si gnal,s. STP 1 aﬁ@ﬁ, BYRY Boiread Sdawtte irduediecaranner
descri bed®XHE? F“Y‘ﬁa?%cbﬁﬁveﬁ%&@%?geent 37 g?coupl ed to all ow ot her
processes to occur,. There may be circunstances in which the systemw ||

i gnore anbafsiliaieddn RPMAEY Signal and enter a sleep state even if the
AGP-CC is still busy. By the sane token. .t \Y VeRfi® danlaltoa sl eep
state even if h‘r@édlﬁl@ﬂc(%‘sr?’gq‘ﬁ@ @n ﬁag{}mar@?\g’%?ﬁ%g@g@ﬁ% State by asserting
AGP BUSY. Fig. 4 shows a process 400,of the invention.. odi nent

t he st eps insfude Waotherroatiel lingh aﬂ‘@”%‘?(gel&?taééa&ﬁyﬂlnﬁ’q@%e?éea l?:(k):%f ?gﬁt PZ@DSO. St ep
405 can represent an operational state C), C, or 1.02, iF wr%i gohcc@gg’rec
requeshs aigealmeinegSER AGR al ARG sssperively Ches B P 81 & 8% 't there
is no indication that a sleep state is _desired, the &Oﬁe%}? can Iepeat edly
| oop t hr ogthe sftapentOmdaenit seuences-pites,AGP-GG and the equp cQtroller TSN o~ { he
AGP BUSY signal is checked at step 415. If it is asserted, .the AGP-GC is
busy pr ocmhg@s&tersemheﬁttwos\igilaihamwa%@ﬁn%%%@rgﬁlrf\%‘o%rrpl eted, and | CH
39 can defer any attenpt to enter a sleep state by Ioopbi n th‘rau?h st eps
410 and 41Bs¢iptivdnedsiTeopBRPEGIS dnd BGRiGMR biksy), Suithisshaild vet be METEeteR AR 2 £ t he
intention to enter a sleep state is withdrawn while AGP BUSY is being
asserted (fRhireREaTRitehe incentieh bé reatrictabtoeystete wsing thesananies. i nitiating a
menory transfer), the process will revert back to the operational |oop

bet ween. st eps %Q%ué’rﬁ%férjegee it fnad¥GR tBLEYClosmirecte a$'sleept stafe”. dhisge@oifes deassert ed
whi |l e e systemis indicating 20 a sleep state is desired, ICH 39 can
assert the, sqhgrggluséﬂg ePodhduSirRBethd@ lowfuveer gateds3, & biete A@PPEENE HOBdef i ned
time peri ot '8uéh as one m crosecond, to stop issuing requests. Requests
are accept duri ' Pekd ReliRt. Stafp CH2T2 pRimis AGP-GGBquestsy pendi ng
requests a&gr%qﬁﬁ%?g?&e@.@&gg% an requests can include any AGP- GC data

transfers that are.in,pr € Sfie irRdt sy toNgiMt e @femtiontvaly tane i n queue
32, i ncl udierky a&%{}teflﬁgq E)e\/\rﬁ%l' f{?gg‘gﬁl 55 dur i ng@r?(la one m cro-second peri od.

Once these Rde g ﬁldlrxsei‘:gfus?asn%grd. ARG Letlig nbrafi tb adREFstite can include any power

pre

20  state that would prevent AGP-GC requests from being accepted and serviced. By the

same token, any reference herein to 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 to signal AGP-GC 33 of an

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

2
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WO 02/ 054202 PCT/ USQOL/: 14870 transfers, are conpleted, I CH 39 can signal
the processor to initiate the sleep state, which it does at step 435. Once
in the shgemetabe, | CH 39 can nonitor the AGP_BUSY si gnalpcriusoi/d4stienai ns
deasserted, the process can |loop at step 440. If AGP_BUSY is asserted,

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

i nvol vempointsdh theaystent.olt barobd raadedn thelpBiéesor bysoftwiargneri can e mpdoblessor to exit
the sleep state, which it does at step 445. Once core controller 30 has
been awakkagsly thaf senses thddamsetston HiSyAER aad gaempes 45 nalpegnest, ok ng AGP- GC 33 to
begi n maki ng requests to GMCH 38 again at step 405. O course, other events
- trigger edoRihand dehtef@Vibesate. Pt dekision Canislsy Behdistyiudale sdth variaus xitt oft he sl eep
state at step 445, even if the AGP-CGC does not assert AGP_BUSY. These 10
events, aftkykbR BRFBRIngE theMecision SNeaRss factbs chibadnsi@eredbeforeof skill in

- the art and"are omtted here to avoid obscuring the invention. The

foregal ”Qiesis,ﬁg kd dHtdr QR1ebF sthiB! st Qaridu pafs oflthdsybtemtniigi baagkested by thel ti ng.
Variations wll occur to those of skill in the art. Those variations are

i ntended 4gqBR 1n%]!; el BsHident! diery!im¥ 813fe Qﬁatemog\%ollea by isyatdne ofewtre) by the

spirit and scope of the appendéd clains. 9 02105: 1202 W claim
PCT! USOL40selhfGnrhts i ARRAL Bhtior (£Q9REN Shilfkingls AEAPRbRofARiSlger: a cor e
control | er havi ng: an operational "state 1n which the core controller can

faci |tatg g datd bl eholblilhsFGnlk PRI o BOAGPs nblse, 18T @ 1 7St | Ow

power st e controller cannot ftacilitate a data transfer
with the graphics,co ) I HCS.: troller and
the core ch’HF"Pt?FtF%fO ‘&%ﬁﬁda s%?ugg%&g%gﬁe{got“g%oot’ ?1 P%e%ﬁ? ﬂgﬁ %%%gycont rol |l er
to the core controller to transfer data. a warni Line to transfer a first
si gnal® frOBBS Rag gigpa) cennegiing aﬂ“ﬁéfe ©F ‘E"r‘?&%'am\%@t&w@gﬁt?%’l Roer 2 %alsa busy i ne
to transfer a _second signal fromthe hics controller to,.the core

cont r ol | degic within thegqze %Ballleét’%@"%?dq‘&Ilgﬁgleifrﬁ%@eehﬁ S’cgﬁgsfi F-éb $MYynal is to
indicate an intent to initiate the first |ow Eower state. 3., ;E}he appar at us
of cl ai mbe originated i GH39 and cemenugicgted direedly tbAPRHEC 41 &5 shawn ip Bigni- c s
controller requires the core controller to facilitate the data transfer. 4.
The apparQrce STBf AGP ifi asserted ik {eP-8G33 @ havea predetarmingd Hmgperiekio§0P r st state

and a second state; 10 WO 02/ 05~1202 PCT/USQL/d.t870
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
to 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 indicate 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.

Tn one embodiment, ICH 39 can check the status of AGP_BUSY before asserting

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



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 Ra9289i0Peen conpleted; and the second state is perivsdi/gRate that

t he graphics controller has not initiated a request 5 to the core
controller to performthe data transfer that has not been conpleted. 5. The
appar at uspostpond asseriidg STh AIGH until AGE_BUBY theeanapis dedssertedr lfﬁﬁpiﬂlj?%ﬂi cate, when
the core controller is in the first Low power state, that the graphics

cont r ol | efeatsasedy indizating thatrilsf AGP1GEidaes nott haveraiyepending rsqudsts thasmeeddtoer ol | er ;
and the second state is further to indicate, when the core controller is in
- the fir stcompletaywen IGHSH ean dskent STH AGR, svpit far sheqmertetenthined timeg@sriottd have a
data transfer request to nake to the core controller. 6. The apparatus of
claimil, saberAGPGCISS plives affkore estjuesdd infrqubwes3 2qamsigheneait wntil femiata st ate in

+ which the core controller can facilitate the data transfer. 7. A system
conpr i si Ngansfer PhAE 868 endifg FRIRAshave’Beedl cOhFIBRY, AfclIIRLaAY $&uestRinCOr €
controller coupled to the processor and the nmenory, the core controller

havi ng: ene Yhted SR SEp RGP ol Adkeddtidnd any RivereglidsBPplcedindd Queud3nhi ch t he

core controller can facilitate a data transfer with the graphics

control | ec{&rin@@%tﬁ'ecfewnﬁfnfﬁe fite BEHRY @c@ﬂﬁ dafd NG IPhARE o1RER éﬁﬁ’cﬁﬁg ol I er cannot

facilitate a a trans graphics controller; a bus coupled to

the grap w.f:@?esﬁ%gﬁ %&{‘l gém;?&gd, the cSﬁ’chﬁleP?(f‘éa‘thsAcﬁJ sigr@l foRCHG o itlaROUEst from

t he graphi ¢s con o the core controller to transtfer data; a warning
line to transfer firSt oSt r ] p dde graphics

t
control | ™ ang agi%ﬁﬂété,t%] ﬁ%— 0 f’g;nargs lé:agsgﬁgs)&e@(t)lﬁ@ggsgéﬁ%ﬁe{ Ir:cgim tﬁe gr aphi cs
controller to the core to controller. 8. The systemof claim7, wherein the
firstl%igﬂeaqps ®to indicate an intent to initiate the first | ow power

state. In one embodiment, ICH 39 can initiate entry 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.



9. The systemof claim7, wherein the second signal is to indicate the
graphics controller requires the core controller to facilitate the data
transfer.wghodhe systemof claim7, wherein: the secopgrgjsaiasrhas 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 thaltagh the ovoslignals STR_AGR@nd AGPt BHAYfcen opeaate mche mamner conpl et ed;
and 2o the second state is to indicate that the graphics controller has not
I ni ti at edegribediatRit, they dahbe adficientiyrdecaipledrto dlipvpathérqravessbetodata. t r ansf er

t hat has not been conpleted. 12 WO 02/ 054202 PCT/ USOL/ 44870 11. The

- syst em ofTheleahsy Belircwistaileslin wiich the systenswillligndrsad assérie@ AGFROBIUSHI cat e, when
the core controller is in the first | ow power state, that the graphics

control | gfgnhEmdnAh Sledy RASERR if tRENEPIGCE & sillfbasyt Byithesaaritekenpther ol | er; and
. s the second state is further to indicate, when the core controller is in

the fisr stoydiQWnPRWEHhaif P4 Seeplshid eveh § tBY AOPIES regddidadleckR fropiaRSsiept have a
data transfer request to nake to the core controller. 12. The system of

claim7, sw&eﬁ}ﬁ.s?'rtiﬁé]ng’oﬂ@S ontroller has a second | ow power state in which
t he core contro Ter can‘_lo aci Iitate _the data transfer. _13. A net hod,
conpri sing.. d%ﬁgﬁ'sﬂ&sﬁé‘pﬂo&gﬂﬁo dtthe iHTanﬁ@ﬂ.eIn%@ LiaGRiREA Re stbpsdr@figPhi s

IS I'ng a al ;

controller asser usy signal; signaling an intent to the graphics
asserti ngrae ey STt Rhi st do. 8 AR Rest o SperkinelL 1 2 !
controller h | hitiated ;i ransfer reguest that,is stil ndi ng; not
ent elr3 i ng Sfﬂ‘l"eé@lée]eﬁr t“?’d’c‘ @'hf“P%%nggvegﬁﬂr&ibﬂ g Acqerted a Rrogeased b%ﬁ i%cati ng a
not busy condition_if the graphics controller has,not initiated a data 20
transiler soaERlesB0+ #é{‘er?§“§grfq?‘£‘“%§‘ﬁ’i ang",epé"*?& ‘éﬂ?sérf’?l’ﬁ‘be &S5 8ep state if the
not busy condition is indicated. 13

Y repeatedly loop th?oulglrml stle;():sa40§ and 410. However, if a sleep state is desired, the

AGP_BUSY 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, [CH 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 period 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 dliring the one micro-second period. Once these pending requests, including their data
8



WO 02/ 054202 PCT/ USQOL/ 44870 14. The nethod of claim 13, wherein signaling
an intent is executed by a core controller. 15. The nmethod of claim13,
wherei n iweieaki2gy a busy condition is executed by the graghusesansroller.
16. The method of claim 13, wherein indicating a not busy condition is
executed by the graphics controller. 17. The nethod of claim 13, further
cConpri Si Rgnsfe@0die SbinpleteBYICHIBO cgii Sipiul 0t peaudésopioligitiatt thealeep sthtepwhitieep st ate
by indicating t he busy condition during the sleep state. to 18. The net hod
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' 1. An apparatus, comprising:

a graphics controller;

a core controller having:
5 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
10 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.

15 2. The apparatus of claim 1, wherein the first signal is to indicate an intent to initiate

the first low power state.

3. The apparatus of claim 1, wherein the second signal is to indicate the graphics

controller requires the core controller to facilitate the data transfer.

4. The apparatus of claim 1, wherein:

20 the second signal has a first state and a second state;

10
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power state, that the graphics controller has a data transfer request to make
10 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 controller.

6. The apparatus of claim 1, wherein:

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

facilitate the data transfer.

7. A system, comprising:
a processor;
a memory;
20 a graphics processor;
a core controller coupled to the processor and the memory, the core controller

having:
11
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%09 7h& () - N FFGGBaGehtio] staBtn $dich tigoore 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;
5 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

10 controller.

8. The system of claim 7, wherein the first signal is to indicate an intent to initiate the

first low power state.

9. The system of claim 7, wherein the second signal is to indicate the graphics

controller requires the core controller to facilitate the data transfer.

15 10.  The system of claim 7, 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
20 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.
12
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to the core controller; and
5 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 controller.

12.  The system of claim 7, wherein:

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

10 facilitate the data transfer.

13. A method, comprising:
delaying an intent to initiate a sleep state if a graphics controller is asserting a busy
signal;
signaling an intent to the graphics controller to initiate a sleep state if the graphics
15 controller is not asserting the busy signal;
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
20 transfer request that is still pending; and

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

13
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5 16. The method of claim 13, wherein indicating a not busy condition is executed by the

graphics controller.

17.  The method of claim 13, further comprising:
requesting by the graphics controller to exit the sleep state by indicating the busy

condition during the sleep state.

10 18.  The method of claim 17, further comprising:

responding to requesting by exiting the sleep state.
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