;i je3e8h8e\ (H6~TAG 1 1 JUN 2003 WD 00142594 ' G-2* METHOD AND APPARAﬂ'Uj FOR
| MPLENENTI NG DYNAM C DI SPLAY Wﬂl ND OF THE | NVENTI ON Fi elld! g¢N 2003
the I hvention The invention r 1y to graphics chipsets and
nore specifically to managenent of+cgi@phi cs nenory. Descripf} t he

Rel at ed Wpt(’of“?sgl"s enerally well known to have a graphi csi)gmgg éot%e% whi ch
can cont erETlH@DQW%D@WB(ATMF@EWWNEMG@%NMQ@H$1§L/¢s nnected to a
CPU, nmain nmenory, and ot her devi m%as auxi liary storage devices by
way of a system bus. Such a syst uld be connected to the CPU, nain
menory, and other devices. This allows the CPU access to everything
connected to the bus. G aphics subsystens often include high speed nenory
only accessi bl e through the graphics subsystem Adgditi such
subsysgar GRRINDBRYE FREARVEORIGGds in main rrermmumlmgﬁmlmlm over the
systenT‘%“U’g—"{Sn—sn'C‘m'S‘l‘EﬁF—‘. . a w |l often hav operations on
gr aphi cs opEicdddbthedovertien, t he organi zati on of these*®perands will be

controlled t he graphics subsystem  This, requires that.. CPU get the
Cpor ands. 1 r ke THENSPARIIESe SRy 3o it FBIsha FULTDT PRUTERT 6 ap

associ ?,;agggmwg@ﬁ@gm'unit (MW) may control the organi zation of
graphi cs operands, in which case the graphics subsystem nust get data from
the CPU or MMJ in order to operate. In either case, sone |evel of

i nefficiencyydeSedi Ml ne devi ce nmust request data fromthe other
device in ob s SR asks. In other systens, both the CPU and

t he graphi cdt isgbserslieweldkhbwn onbavela graglaes sadsystem evhidhhvangoadliits oper ands.
In these s stem;é1 %ﬂ’%‘#‘e t he CPU and hecﬂﬂrac[l)h' CS systemw || not need to
r eques VG IRF AT 4F SURSY e IR PF9ERE oV B MTRA NSt her  of
when giogfehiescanrthasanalify Mvad deRicBEBPiy OF a @ dieh bus eSh@OEsysiear cessi bl e.
As a result, increased overhead is introduced into every operation on a

gr aphi &§s yeldheronpeged © the P, srainmemogy . 3nd othendeviesss s allawsithe | udes
G aphi ¢ AJALESS JE}%@?&B%’E%{CC&Q% (h%q;s.1@%ph@&rmﬁéysé%std?tegim&ﬁgpeV' ce
Controller 120 (GDbC"120) which in turn 1"~ 1 1°JUN 2003 WO 00r42594
PCT/ USGp¢edongmorysondy asressitdel througl thp igrapbiddeybsysteng 0Addiyignallyosuch al so

170" and RRarD R b0 &8ss QARARAE ok o, SBEREY e SR BB, P °1 267

(CPU 140) i dncueinsysteat, 8 CPRAVNIIL &lendrasle tdperéhn erecaime sn lgwiphidsenory 160 and
Auxi liary Storgge 170, CPU 140 al has a cont.rol can i to GAT 100

whi ch ﬁp?é@ﬁés’cg%vi%ﬁ’ go%mz}ag?n E£$C¥dt?erq\’7§ b 1%%?@ro?%gtqyﬂg? udes Segnent
Buf f er ghdghicsGhribkykdin.OPkis adqéreothagtha (@R getahe vperaisdsSian aek grapiyed N Menory 160
and Auxiliary Storage |70, facilitate this, MW 150 nana in Menory
160 anduRtyiam s e Ryl dne CBU Gan bt toted PrRon BEn g meRLr e ML

oper andgayéchtel Metsigani¥eion @P §f2phids opérend) UEG hith IchsetheBihits siBdystdm0 updat es
its records of them%ger ands' | ocations. GDC 120 al so operates on_graphics

oper andBus g8t &2 framvaF PIBerYYIY spordarfioqperats-aineibensasgesomedever 8t aci i tat e
this, %ﬁ@%cﬂ'iHIréHd%%d,ra‘%%Eqévieé mWﬂ%&uélf 8RR o MRS dsviet ;i sher ed and
updat es these Tecords when operands are noved wthin nmenory. As a result,
whenev e perform it tasks.GDC 120 perform an action that results in novement of

graphics op qﬁﬂg, I . J must be updat ed.
Mai nt ai ni ngeﬂt;:‘o er5%%‘5%%&%\%3{5’%%a‘?@@’gﬁgﬂﬁé&ww&%} 100 requires

hi ghl y egadbationi ofebke graphied ogenandsadn thesysyateney; svhila theb@PEnad thet gragtdes n
accessing either. Min nory 160 or xiliary. Storage. 110. For exanple) CPU
130 may SR U 3R FRed Y AR e R T Gor T ST SRS RYreEd ¢ OB gt

Buf fer dakfl oﬁer%hf‘heh/gfﬁﬁﬁﬁés &fctindshe¢ fldYe@UPhdMmol Hidothdi¥idedhi®y contents of
Segnent Buffer 110. I'f such an_action occurs, NMMJ 150 wi || update its

r ecor dsinaeqessibley Ascaigsully inareased overbgadtls spenduertsiniy evernhoegiaman Buffer | 10,
and wha ragﬁggg cq,‘sm& hat were in Segment Buffer 110 are no | onger there. If
any of fthese ogerarids are graphi cs operands) then CPU 140 nust exert

control over Fighie I Qfustrites & prigr 66ystit) ItondlpdtaiGraphits AdérEdTransfoanémi ng t he
vari ous %Eja hics _operands 1 nvol ved. Furthernore, | was accessing

! } if GDC 120 we
Segnent ! AT 199 Coppesiediorephics Pevige Srantralghbit (GRE A20) whish ity 120 may
now be operating on corrupted data or incorrect data. SUMVARY OF THE
| N\VENTI ON The present invention is a hethod and apparatus for inplenenting
dynami c




di splay nenory. One enbodi nent of the present invention is a nenory (‘?;ﬁJWZﬁh"l
hub suitable for interposition between a central processing unit anlj )
menory. The nenory 1 1 JUN 2003 V!'' O 00/ 42594 PCTNS00/ 00776 control hub
conpri ses wogwam cs nenory control conponent and a nenory RGIU$0§00776

corrponenifs-cgﬁgﬂc@é t@%ggalg'é’;f DM cP3d FEA@Fibeig\'ﬁéo .I!aﬁe!afee%ﬁ%u; AYRAtion is

illustrate y way xanpl e and not lTimtation I n the acconpanyi ng
fi gures. cdringotset td Main Memonyr 1 6y Bugiliagyfitesge i 3@ had MeywteMankgauane Upit

illustra odi nenf _of a. syst.e Ei 3isaiflo t

illustr aif@@amgg@r gte@trﬁtg@cggl @’F’bﬁocﬁﬁfpgﬂ‘go)ﬁlg‘f“@ﬁ‘i[e‘howziSPIaP‘Lst rat es
anot her @@ROFi BREesAVaid MY ELAM 60R@USRilry Stctagd PMCIERY 140 hiwshigd i ng a
possi bl e nodé of operation of a system Figure 6 illustrates an alternative

enbodi neeantestl cannepierin CATL0ewirich pllyest GBI 440 so eontewd GAdnbd Meingur e 8
iIlust raﬂ,ﬁ%ﬁ%é ncAGRE RS0 b Frd 13y St em DETAI LED DESCRI PTI ON The present
al' T'ows

i nventi on or 1 nproved processi ng of graphics operands and
el i m nati on ofCPOVvEithgrthtes ac gphingopenandn ytossdsinaviniutMdmanyigOgndphi cs data. A

met hod and aratus for | nmplementin ic displa nory,. i s described.
" the 1 OUKORPAS CERE A PpHooRe T PO d D aterege A VRO B
speci fi cadglipiy Stofdg® 198! mhRHidiRing Re @R WierePF216us 8parlddQk Ot duNiRhSt andi ng
of the invention. It will be apparent, however, to one skilled in the art

that t heopereedstaromoyeth Wiidirpmamons &M IRopdatens eccople oF Hecopgeands'|s. In
other | “F&c%ﬁ&gs?b%ﬁ&ﬁ%ta% AR o‘?.f#bp%?ci o&é@gé@&%d!iﬁh@{%&%nﬂirﬁ??@ﬁc{ ormin

order to avol Scuring the 1 nvermion. rence i n the spec lon to
"one enboaixitizmy Stovage"1a0. dlodfadiliteanthis, GAGhO0 haihtangracdrdcof whert gedphice,

t t , h teristic d i b [ [ ith t nbodi (O
el udoaoPsonts FHCT e WBHASBIREEoate ME PRUGTS BHme HO AP ReRPaes of

the phragg a'lesulQMhefEREIPTEMC o GDEARD PiForh &¢ 8&idnNhith&suBP armbvenddion are
not necessarily all referring to the re 2 illustrates

sane _enbodi nent. Fi qu
one enbo8l BERhICs PPeaRdsstherfecain Pt MMY 1S8R S1A bA SLBESTHRPRIAE: and i o

vel | knowmih Ridiktec dMetenc PhaRitef $heMefREYofGANU 950 270GAT RRURYGfkshRHiyU 210
and to the Rest of the system 230. G aphics Menory Control "220 enbodi es

| ogi ¢ subynabiremzedtaperatiaok asmeany corats aan bo Enepuajsnedin aogrssiapgsherMamnor y
| ocat ed M‘exﬁg&tmafor %?{hﬁaﬂl SI?’orage 110.
For example, CPU 140 may move a segment of memory from Auxiliary Storage

170 to Segment Buffer 110 of Main Memory 140, thereby overwriting the former
contents of Segment Buffer 110. If such an action occurs, MMU 150 will update its
records, thereby keeping track of what operands are in Segment Buffer 110, and what
operands that were in Segment Buffer 110 are no longer there. If any of these operands
are graphics operands, then CPU 140 must exert control over GAT 100, forcing GAT
100 to update its records concerning the various graphics operands involved.
Furthermore, if GDC 120 was accessing Segment Buffer 110 when CPU 140 overwrote
Segment Buffer 110, GDC 120 may now be operating on corrupted data or incorrect

data.

SUMMARY OF THE INVENTION

The present invention is a method and apparatus for implementing dynamic

display memory. One embodiment of the present invention is a memory control hub

suitable for interposition between a central processing unit and a memory. The memory
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1 1 JUN ?.003 WO 001 42594 PCT/ US001007 76 230 and to convert virtual
addresses of graphics operands from CPU 210 into system addresses sui 1t albiNg 003
for use by Rest of system 230. Thus, when CPU 210 accesses an operand,

G aphi CSy, Control 220 determ nes whet her the opera ionis a
gr aphi cs g%}er 474, it is, Gaphics Menory Control 220 %%/P%“ﬁg?%v\hat

syst enfeRsR hyb a%pege wmféema%rytcantrwomwmwgaateé%evwae@m ed by CPU
210. %HE Mem)ry Control 220 then accesses the operand in question

Wi t hin t o system 230 utilizing the appropriate system address and

conpl etes the access for CPU 210. If the operand is determned not to be a

gr aphi %mg%%ﬁe& &MBQA ég Control 220 allows Rest of system

230 to FEeSpoht—approptratcery to re—Tenbry access by CPU 210. Such a

response wohd P&eﬂﬁhbeﬁﬁ&ﬁ%xl]hﬂré&tﬁbﬁﬁzhy oP&ANIpRCAAAR? lipdltatiof im@e |imted to

conpl eting the menory access, signaling an erfor, or transformng the

Vi rtualacma@wlgtféglaeﬁzorrespond| ng physi cal address and thereby accessing

t he oper and. i nclude read and wite accesses,

and conpl et |Fo$1qaytle}§gg’a]§g%%égg J@s%]a |63“| ncl udes either witing the

oper and t? tﬁmraaprlomfamtoaehmbah{rmm ﬁf][asyemm ng the oEer andtt;]r om tge Cood

o Py o B e AT G l f SERURS LB o o

s& Epzigo and:]gtrr@qqadarae agaHexA&msgag%@a%}gemCPU Access step 310 Itnvol ves
accessin i cs operan erformng a nenory access to a

| ocati on bafeg}lreg e o\wchmdtustammgmsswﬁén@ﬂedé@@grapp@@éeassmr@ G aphi cs

transt or s (e o H0Gffesdh ARG R AR U IMAR", 0°0° oyt om addr ess or

ot her addr estguraﬁtxﬂbﬁtentésmrulerhmemmtyhl n Rest of system 230. The process then

proceeds to Access step 330 where Rest of system 230 perforns the

appr opr i atelﬁ% gwlﬁﬁtﬁaéesssn%‘?rﬁﬂcﬁeﬁﬁw e atlress to 1 ocate the graphics

operand) and the process termnates with Term nation step 340. As will be

apparent_to &ne gl}: lled in the art, the block diagramof Figure 2 could
repres T 7 hics Menory Control 220 as separate conponents.
Hovever, it TaRurékedt AR BORE forfRigred bl ppitd ssﬁtga&g OPrinds@ng rol 220 as
parts of a single integrated CII‘CUI'[ Turnin ure4 a nore detailed

al ter naﬁlmveatmmfdtvme BrOCEsSEg 4 apy §ystem P'elsmasréﬂhmt datej gumngthed amby 410

Devi e FRG " AaqrRene R HRGH AR D RO B D T ot on
Tabl e) dcmi@tmaofqr@umm d¢xplendtiopahurivnons spedsio, detallis are\getrforgh infprderl 1 JUN
2008 V0, 0014302 RO ISIBAANTEE of B B-5h 880 30! RoPENECES 496

Local I'cS eran 470
cont ai rrme@lkﬂbld i ﬁteca:remands mdziﬂxori\dﬁki bé:iiﬂaansedl: wubdmidhesh spetgfic HétﬁilsBljs 493 to

I1/0 De 496. Bot De 440 0 h
Adir cotOBE P AR e T Eagne R e o ok g hmp v eyer BBt onl y

CPU 410ot3airinpdie invemidn 460, so only CPU 410 can change the location in
menory of grélé)fgl cs operands, Qperation of the systemof Figure 4 can be

better underReEEACHIT the spacilicarionto’ one FRDRAMIE It 2B SEDLAIBL] MEdRS r at ed i n
Fi gure fa £Phhid0seRwH, SRude, droRbReRRkgc @Htﬂekqnesﬁt&tx%wmnc access to
the virtual address of a graphics operand. MWMJ processing step 520

r epr es egnbodivEnt4g nakedediin at loast oncrembpdiment efribe i mwmtmgx tThe appearardes afldr ess

supplie i ng
menory g’u?’){“ agg Jh%ﬁh%zf?ﬁé{%o aﬁ g@ Slg?eﬁﬁcltaﬁegs ap |cs nt,%gp 8ﬂ16e%§sgs§§§'sed by
CPU 410alhvesferiagnd tersatheiembadigeate wit hin CPU 410 then MMJ 420 m ght not
have accessed. nenpry outside of CPU 410. However, nost graphi cs operands
will be uncagweéegf lusirgies pre 9@?&?’9@'&@% asysigpy (CREL2 s ceatrabroesseing ar

det er m ik bigtis el inMrd-hrf 3Grad Hﬁ%&r}t‘é}?@bﬁmim R¥S I\g@h@@épesaofrom M
420 is vmthlnthe Graphlcs Menory ran he G aphi cs range i s the
range ofndwdheBsgofthasysiem Mp;ﬁ!dplbys Mﬁlhomﬁioﬂml M@mhodﬁsapgmcs Devi ce

gfgcess ‘3?8158 Stenk%ﬁcd%&tsoni e gifémo%(%lélﬂgst’l%%’fa %ft‘%/t%m/ﬂé yﬁr&%rthe

access at the system address |n a normal fashion. Typ| cally this vvoul d
entai|l some sort of address translatibn, determination of whether the
address led to a particular nmenory device, and an access of that particular
device. If the systemaddress is wthin the G aphics Menory range, the
process proceeds to determ nation step 550, where the Address Reorder Stage
450 determ nes whether the address is within a fenced region. One

enbodi nent of Address Reorder Stage 450 includes fence registers which
conta| n | nformatl on deI i mt| ng certal n port| ons of the menory a55| gned for

S ~—~ ~ AN o —yr




-5 1 1 JUN 2003 WD 00/ 42594 PCT/ US00/ 007 76 be within a fenced regi,o
appropriate reordering of the systemaddress is perfornmed at Reorde iIngg/N 2003
step -560. Such reordering typically involves sone sinple mathenati cal

recal cul aWW@M0/4248 may al so be perfornmed through use of a | J6KUpSPAHT®.

After Regodedkdgorbleaiim) addrbses epgdptiesdopdstide som SPUEPIOetid sysemphysi cal
address at Mappi ng{gstep 570, Likew se, if _no reordering was necessary, the
a

syst em #d@resses suiatde fsuseby Bestotsysign 230 Thppader CT gHYaG5cEs5eS aRidr ess at
Mappi ng 5 Thi } :cal i ; tgansl ati on
tabl e, ioﬁgﬁﬂfiéé%gggggfﬁgge O{E%gp a%%?@gﬁe}srdé%sn?égl@oﬁﬁr%ﬁ@,q%\%\ﬂ?)(r:]rll§ %ont ai ns
ent ri es graphicatperapdwhibit isaGdaphssddempryr Gomges 200 dstgshiees whdrsys®es corr espond

to particular lqcations in, nai,n or l.ocal nenory..,Si Al transl.ati on tabl es
vvouIOd b ey @arwrﬂe@@orﬂ‘? t?)ér}efvdmﬁlr?ag’ieﬁ%prﬁ%wgwya@g?éOOT(’aW?: ®ss step
540. Fi nab¥ry Eo@rdlna0 eataeebsaddhe sperhrid Msfdstion wiehih ®ed m_F@&ﬁﬁB@ at Access

step 580 in a fashion simlar to that of Access step S40. The process
t er m natuéidizitiet the FpRTAPIRE Fysiems eédresgnd cpmplates the agoesssior S5PE521t  anot her

enbodi ment of S . i I Menory
Control 630. Iﬁ@ﬁo@;@g‘ﬁ% %ﬁé@d illc%g{) ggg?%ﬁ%ﬁ%@ﬁé%ﬁ?@%ﬁgﬁ@(o and is
coupl ed Cantidli226 6NowAReD of oyspdne 830 o MesondGDp@peatebc@l thd/roroyy 6&05s BBy st em
Menory 690) .l nput Device 680 d ut Device 670.. After CPU 610 requests
access t(g‘ggﬁlgp P%ﬂfcsmwu%%ﬁ Eﬁ%ﬁ“&ﬁeﬁﬁaﬂ& ’Qégd?%‘é”téﬁm‘ess suppl i ed
by CPU Gifiian® @eqismgtihemeRRipitdeQNsiBHAiR0M dridr adtrabfotim gheiugionponent s
coupl ed to Bus 6%%? Kil t he operand is a graphics operand, aphi cs Menory
Cont r ol %ldeesapht epFesaceding peirsioalinddress apd dharsbypseessing thheradanf: &R suppl i ed
by CPU i f S i for Menory
Cont r ol @%ggés&g%gﬁ%xg&g\%@ﬁ%gg@f Eé@aﬁgt%%%g%%ﬁi Tent ng &3&2?/%% g’m and how a
gr aphi csacogsesatygidally achelss either Grijmgitos o@yendtadhe/appropriatAtidressers 805 are

t he addres(ies seenm%é fprog{ans ex.etcliti n% on a CPU. MWJ 810 is the internal
menory HERAGE MSHIPAT B HefRPBIAE RCRE enbodi ment, it transforms virtual
addr esses t o FySipRrASUIEFHaRSs 2ichi bel@litHes @nddrstaod by kafgreh@loFigaraBai ni ng

entries indicati n9 whi ch virtual _.addresses_corres Ons#‘ﬁ%%gi ch system

addr esseh® WOREF P Rigtifes Baging With putigfonRier 7 ‘HebPetr ey Sy M
810) and RAGHPE YN s 18 35vdi s @GP AP REeSsiOP£EABRicWBp&indM) 810 produces
addresses sone part of this nenory space. The portion shown Is the graphics
nmenory aREFESBIIRE @MEROpheccePUP dlogsHen Spssdnisvirtua ddrssherheRipessbons of t he

et chs. PR d e A s DT S S R oo PRl AR R VY space

825 is tétbesnisaicansf@msithegvietplliaddresesuppliedby SEEN2 I)toz systaphadssessieni ce.

G aphi cs Vi Acc. 20 shows 4 hat. i e i ics

dewi ce. oROe et RERHEF o T e 0B PLB0" R Rulegs e et “Waw 810
i N accesSysigmiAreegrsaplizosviREREY of pateen 230 pérforgrsapdagsoptéate eendoes not have
access to the rest of the mrx@gccgssm to thAa CPlg_‘ Bot h Menory Range
815 and MESRBYYSINSHIAE 8YsEIRacHress|ip jeeae the g s gperaid. @A {06 RIOEHS st ruct ure
necessar rhifar WG BEiRRBhatebngoon a CPU and for access by the graphics

device (in one enbodi nent they are 64MB in size). Wen G aphics Device
Access 820 pr ésevitldeappaeriresre skilled indhamy tha blopk dirarans ohFigpza BeAvididr ess

for acce t_r@p?r R r " hat address.
Addr ess %g(r)ctrsg%r S %gaﬁg@a@@?@%&ﬁg@ Cﬁ’é@%gFéﬁgB%%?{gg?ogrg%%ént ed is

wi t hi n oHewefert, heobtldrisedepregino 68 Ui/ Ocind chriapltjcs Meagay QentrohzOcas parnofs of
Fence Registers 830. |.f the address is within a fenced regi on, Address

Reor der f’&é& BEgrye P ansf or ms the address based on other information in

Fence Regi st emenfgOtoWbeb 45 P aford H&Q8idH0MARIME YmbodinRat 64 egiedlilr ess Space
840 is orIganl zed. Reordered Address gﬁace 840 can have nenory organized in

di f f er enlustaeer &n Figuept Gz ¢1 G entrinelIMH 1429 apdissounledsodtGHAE t he CPU or
the gr apgléﬁ 4%6%bﬁx§jns HRO&S S o, Rladl ﬁ@édlggﬂ”st%e%éd £l?oaéT?r4%é}gA zation
and tiled organization. anearly organi zed address®spaces such as Linear
space 84Grafii&; Trandat@hlTabld). MUK 4304y @mpsl tb hatalddenongottd, dMen Mehmiry anot her
in menory fromthe point of view of Address Reorder Stage 835. Tiled
addresses, such as those in Tiled spacgs 846, 852, and 855, would be
arranged in a nmanner as shown in Figure 7, where each tile has addresses
counting across locations within the tile row by row, and the overal
structure has each address in a given tile before all addresses in the next
tile and after all addresses in the previous tile. In one enbodinent, tiles
are restricted to 2kB in size and tiled spaces nust have a wi dth (nmeasured
intiles) that is a power of two. The pitch referred to in Tiled spaces
846, 852, and 855 is the width of the Tiled spaces. However, not al

o - . o o B o o o T



WO 00/ 42594 PCTNSO0/ 00776 Til ed spaces can be useful because they may be
shaped and sized for optimumor near-optimumutilization of system 171 JUN200J
resources in transferring graphics operands between nenory and ei ther the

gr aphi cs“g)e |ﬁg or the CPU. Their shapes vvoul d then be de ?{)dg
correspo gr obj ects or surfaces. erstan ti spaces
may be‘ﬁ)—éﬂ Il%‘é 88‘5 ﬁ&ﬁ%’@é‘i@f a’]rS qn,t@n% g%? BPdthe
Syst emyg4Xdami ﬂmém Sc%‘ﬁfaxxYMC?beﬁﬁc&b @fqn%ggfﬁsem&md@%s Oliffed N @ variety

of ways, i ncl u Ing thé rowmmj or (X-axis of Figure 7, 'but also
i ncl udthngugiol/@rﬁusnﬂéawo HOrPaxices) 496 dith éirna:phaxtsﬂkvmr%andgiﬁ’:éﬂﬁbhhs/e Ret ur ni ng

to Fi gure ddr S in Addr ess ace 40 go

t hr ougREt 19 BETETr BN Lo ETs B OPOAPOUIELS 0 COPFRR) RO RRer ¢ wi t b
GIT 865 p{ (3 aphirCHodifrGIT460050 dAPICPU 4 (@danthangel tbeldcaiion nymbmatylof stored in
System Menory 870 in one enbodi nent, and need not be stored within a

por t i ographiswePeeERivenory 870 al | ocat ed to addresses within Gaphics Menory
Space 825. ssoci ati ng
a set of ad? }Jgg‘}stg)g%v{ﬁﬂgsygg% Spﬁl]g&l%iggcah% gr?gﬁiyrp"&/rsslog%%n%?%kﬁdgor Local
Menor y tlAneibod of epeabmdlllmsmted AsFlgarevﬂel TPl mmmss |srcpt519 represeatsKTHJ or

Tr ansl on Tabl e may be | let However, GIT.,B
$60" and PTBRRRE R FLsest 1o, STHE Sdiess O A @rarics oPeRndn I S B S buse t hey
are dediepar0depesdnseMNU 4D nwpamgl&%u@emswaw%ﬁag URWidullQdared to

associ ate addresses for graphics operands with nenbry. This constraint is

not i meee@itddy € 446 tpaprsters addressTuRalgie dorcise @raccesig MamABY outtid¢ s | nposed

by the i,S

prof 11 S T oS Mk B RO Adp PR (P10 B b ety

t hr ougicacthvaw:thmrﬁﬁw 4 t@ then MMUWIH20 Ryt et Myeacoes@Amempiycatdige ofdfflésent s t he
random agc nory. of syste t, cou resent other..forns of
51 or agd 0SSR IRE Bt Eine Bef ¥erate il nsBeaedeRe Rer B IR et hveror y 875
t ypi calgoyoutsipe e@M& nenory dedi cated for use with the graphics device, and
need not be sent in orde for function. .In e foregoing
det ai | ed des‘g‘ri?eb"cwuof‘ﬁlfp P&ago ﬁ%ﬁgﬁ* g(}‘?fger ets}ﬁ%erﬁraé‘%"éfﬁg?rﬂventl on has
been degsiuy Bed isWvitkin e 6FHRRS M&n&g%\gel THRXCRAPHiSd Wit ehin Esttaethereof 't
will, however, be evident that various nodificatigns_and c ]ges may be
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Control 640 appropriately manipulates and transforms the address supplied by CPU 610
to perform the same kind of access as that described for Memory Control 630.

Figure 8 illustrates another embodiment of a system and how a graphics operand
is accessed. Graphics Operand Virtual Addresses 805 are the addresses seen by
programs executing on a CPU. MMU 810 is the internal memory management unit of
the CPU. In one embodiment, it transforms virtual addresses to system addresses
through use of a lookup table containing entries indicating which virtual addresses
correspond to which system addresses. Memory Range 815 is the structure of memory
mapped to by MMU 810, and each system address for a graphics operand which MMU
810 produces addresses some part of this memory space. The portion shown is the
graphics memory accessible to the CPU in one embodiment, and other portions of the

memory range would correspond to devices such as input or other output devices.
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organization and tiled organization. Linearly organized address spaces such as Linear

space 843, 849, and 858 all have addresses that each come one after another in memory
from the point of view of Address Reorder Stage 835.

Tiled addresses, such as those in Tiled spaces 846, 852, and 855, would be
arranged in a manner as shown in Figure 7, where each tile has addresses counting across
locations within the tile row by row, and the overall structure has each address in a given
tile before all addresses in the next tile and after all addresses in the previous tile. In one
embodiment, tiles are restricted to 2kB in size and tiled spaces must have a width
(measured in tiles) that is a power of two. The pitch referred to in Tiled spaces 846, 852,
and 855 is the width of the Tiled spaces. However, not all addresses within a tile need to
correspond to an actual operand, so the addresses in Tiled spaces 846, 852, and 855 that
are marked by an X need not correspond to actual operands. Additionally, such
unneeded tiles may also correspond to a scratch memory page. As will be apparent to
one skilled in the art, tiles could be designed with other sizes, shapes and constraints, and

addresses within tiles could be ordered in ways other than that depicted in Figure 7.
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in one embodiment, and need not be stored within a portion of System Memory 870

allocated to addresses within Graphics Memory Space 825. GTLB 860 and GTT 865
take the form of lookup tables associating a set of addresses with a set of locations in
System Memory 870 or Local Memory 875 in one embodiment. As is well known in the
art, a TLB or Translation Table may be implemented in a variety of ways. However,
GTLB 860 and GTT 865 differ from other TLBs and Translation Tables because they are
dedicated to use by the graphics device and can only be used to associate addresses for
graphics operands with memory. This constraint is not imposed by the components of
GTLB 860 or GTT 865, rather it is imposed by the system design encompassing GTLB
860 and GTT 865. GTLB 860 is profitably included in a memory control hub, and GTT
865 1s accessible through that memory contro] hub.

System Memory 870 typically represents the random access memory of a system,
but could also represent other forms of storage. Some embodiments do not include Local
Memory 875. Local Memory 875 typically represents memory dedicated for use with
the graphics device, and need not be present in order for the system to function.

In the foregoing detailed description, the method and apparatus of the present
invention has been described with reference to specific exemplary embodiments thereof.
It will, however, be evident that various modifications and changes may be made thereto
without departing from the broader spirit and scope of the present invention. The present
specification and figures are accordingly to be regarded as illustrative rather than

restrictive.
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a first memory;

a second memory;

an input device;

a bus coupled to the first memory and the input device;

a graphics device;

a memory control hub coupled to the central processor and coupled to the bus and
coupled to the graphics device and coupled to the second memory, the memory control hub
‘having a graphics memory control component to access operands within the first memory and
within the second memory, and the memory control hub having a memory control component to
access operands within the first memory; and

wherein the graphics memory control component utilizes a graphics translation table to
determine where a graphics operand is located in either of the first memory or the second
memory, the graphics translation table comprising a set of entries, each entry associating a virtual
address with a system address, the virtual address utilized by the central processor, the system
address utilized by one of the first memory and the second memory, the central processor able to

modify the graphics translation table.

2. The system of claim 1 wherein:

the graphics translation table stored in the memory.

3. A system comprising:

a central processor;

a first memory;

a second memory;

an input device;

a bus coupled to the first memory and the input device;

a graphics device;

a memory control hub coupled to the central processor and coupled to the bus and
coupled to the graphics device and coupled to the second memory, the memory control hub
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whelem the graphics memory control componem to transform a virtual address of a
graphics operand from the central processor to a system address, the system address
corresponding to a location of the graphics operand in one of the first memory or the second

memory.

4, A system comprising:

a central processor;

a first memory;

a second memory;

an input device coupled to the central processor;

an output device coupled to the central processor;

a graphics controller;

abus;

a memory control hub coupled to the central processor and coupled to the bus and
coupled to the graphics device and coupled to the first memory and coupled to the second
memory, the memory control hub having a graphics memory control component to access
operands within the first memory and within the second memory, and the memory control hub
having a memory control component to access operands within the first memory;

wherein the graphics controller utilizes the graphics memory control component to access
a set of graphics operands, the set of graphics operands located in either the first memory or the
second memory; and

wherein the central processor utilizes the graphics memory control component to access

the set of graphics operands.

5. The system of claim 4 wherein:

the graphics memory control component utilizes a graphics translation table to locate the
graphics operands in either of the first memory or the second memory, the graphics translation
table having a set of one or more entries, each entry of the set of entries configured to associate a
virtual address to a system address, the system address suitable for location of an operand in one
of the first memory or the second memory; and
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the central processor may modify the entries of the graphics translation table.

6. The system of claim 5 wherein:

the graphics translation table is stored in one of the first memory or the second memory.

7. The system of claim 6 further comprising:
a local memory coupled to the memory control hub, the local memory configured for the

storage of graphics operands.

8. The system of claim 6 wherein:

the graphics memory control component maintains a set of fence registers, the set of
fence registers to store information defining organization of locations of graphics operands in
either of the first memory or the second memory; and

the graphics memory control component comprising an address reorder stage, the address
reorder stage utilizing the set of fence registers to determine what system address corresponds to

the virtual address of a graphics operand.

9. A method of accessing memory comprising:

a central processor accessing an operand at a virtual address;

a memory control component determining if the operand is a graphics operand;

if the operand is not a graphics operand, the memory control component accessing the
operand at a system address corresponding to the virtual address; and

if the operand is a graphics operand, a graphics memory control component of the
memory control component accessing the operand at a system address corresponding to the

virtual address, the operand accessible in one of a first memory or a second memory.

10. The method of claim 9 further comprising:

a graphics device accessing the graphics operand at an address in a tiled memory space.

11. The method of claim 9 wherein:

the graphics memory control component utilizes an entry from a graphics translation
table to determine what system address corresponds to the virtual address of the graphics
operand, the graphics translation table having a set of one or more entries;
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the graphics memory control component includes an address reorder component, the
address reorder component determining whether the graphics operand is located within a linear

memory space or a tiled memory space.

13. A system comprising:

a central processor;

a first memory;

a second memory; and

a memory controller coupled to the central processor and coupled to both the first
memory and the second memory, the memory controller having a graphics control component
and a memory control component, the graphics control component determining whether an
operand accessed by the central processor is a graphics operand, if the operand is a graphics
operand, the graphics control component transforming an address of the operand to an address

corresponding to a location of the operand in one of the first memory or the second memory.
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