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Typically, the WID is drawn into a separate buffer, which ig used to
describe how the pixels in the frame buffer or buffers will be displayed.
Some graphic systems, such as, for example, UNIX servers, use overlays to
enhance the performance of three dimensional applications, which need to
have data overlaid on top of a three dimensional application. These type
of servers typically require a separate WID buffer for the color planes
and overlays to allow for a unique pixel interpretation for each laver.
That is, separate WID buffers are used so that for any given pixel

location, e.g., x=10, y=10, the pixel in the overlay can have a different
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exaer, | e fhodf ehree bits are used as an index into an overlay WAT
while the lower five bits are used as an index into a color WAT. With
three bits, eight WID entries may be identified or assigned to a pixel
using the WID overlay buffer. Thirty-two different WID entries may be
assigned to pixels using the WID color buffer. In thig manner, a WID for
a color buffer may be painted without overwriting the WIDs for the overlay
buffer.

Alternatively, some hardware makes use of an eight bit split WID in
which four bits are used to identify the WID for the color buffer and the
other four bits are used to identify the WID for the overlay buffer. As a
result, such a configuration provides sixteen WIDs for both the overlay

and color planes.
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Viewing the present invention from another aspect, there is now
provided an apparatus for generating a graphical display on a display
device of a computing device, comprising: a window ID buffer; a
programmable window attribute table color size selection device coupled to
the window ID buffer; a color window attribute table device coupled to the
programmable window attribute table color size selection device: an
overlay window attribute table device coupled to the programmable window
attribute table color size selection device; a staged pipeline coupled to
the color window attribute table and the overlay window attribute table; a
color buffer coupled to the staged pipeline; and an overlay buffer coupled
to the staged pipeline, wherein the programmable window attribute table

color size selection device is dynamically programmable based on control
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Figure 5 is a block diagram illustrating a data processing system in
which the present invention may be implemented;

Figure 6 is a block diagram illustrating a graphics adapter is
depicted in accordance with the present invention;

Figure 7 is an exemplary WAT table illustrated for a color WAT and

an overlay WAT in accordance with the present invention;

Figure 8 is an exemplary diagram illustrating the data flczw bet'w.een
application, device driver, and RAMDAC in order to provide a dynamically-
configurable WID according to the present invention; and

Figure 9 is a flowchart outlining an exemplary operation of the

present invention.
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bus 506 through PCI bridge 508. PCI bridge 508 also may include an
integrated memory controller and cache memory for processor 502.
Additional connections to PCI local bus 506 may be made through direct
component interconnection or through add-in boards. .In the depicted
example, local area network (LAN) adapter 510, small computer system
interface SCSI host bus adapter 512, and expansion bus interface 514 are
connected to PCI local bus 506 by direct component connection. In
contrast, audio adapter 516, graphics adapter 518, and audio/video adapter
519 are connected to PCI local bus 506 by add-in boards inserted into
expansion slots. The processes of the present invention may be used to
manage rendering of data by graphics adapter 518 or audio/video adapter

519.
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Figure 5 denoting optional inclusion. In that case, the computer, to be

properly called a client computer, must include some type of network
communication interface, such as LAN adapter 510, modem 522, or the like.
As another example, data processing system 500 may be a stand-alone system
configured to be bootable without relying on some type of network
communication interface, whether or not data processing system 500
comprises some type of network communication interface. As a further
example, data processing system 500 may be a Personal Digital Assistant
(PD2) device which is configured with ROM and/or flash ROM in order to
provide non-volatile memory for storing operating system files and/or

user-generated data.
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be &'krosk or a“vey appl Cance. “Tut ni'ng" next o Fgur e _
palgttey apf ORVET g fars ifFPHSIeRaEy fgta aneaphidenakapt e digplay
devitlepieebed i n accordance with a preferred enbodi nent of

the present invention. G aphics adapter 600 is an
exanple of a rgghi ¢S _adapter, such as graphics

adéf”& eS8 § ’g‘ifrlBs §Y1Dér%fﬁﬁi g%® éﬁg{gtaé;r aggigidex into color
WAT | fpdlladeds and adaplar WABNEoye 603 . anthca phridenss aBfesdles 606 and

608 NRIREYp&H Gbkal phifel anal ag conmers ein CRANPAL) £L£30ce.The

RAMDAC 630 i ncludes a RAVDAC staged pipeline 604, a

col or WAT tabl e 606, and an overlay WAT table 608, and

a Throgiogaaiite BT €olaT sitg setettdoni dvidefiPelpsEed to
selddaphedh meadrirofilfthe Nt loudes &160d@r vksanre Mhtefy 610olor waT
tab P SQXeérlt@_y{ gﬁ@%l@%ﬁ.@g f@gn%’th%n\glﬁ b\%Per 614 are used to
identlfy an overlay WAT table 608 entry. The programmable WAT color size
selection device 650 is programmable by an outside entity via a data bus
(not shown), such as PCI local bus 506 in Figure 5. Based on the control
data received via the data bus, a register in the WAT color size selection
device 650 of the graphics adapter is set which in turn sets the number of
bits used for identifying color WAT table entries and overlay WAT table
entries. In this way, the split of the WID is dynamically programmable by

a graphics device driver, e.g., an XServer.

That 1s, based on the control data received, the configuration of
the programmable WAT color size selection device 650 is modified so that
an identified number of bits received from the WID buffer 614 are passed

along to the color WAT table 606 to thereby identify an entry in the color



buffer 614. The two frane buffers contain pixels,

which are sent to RANMDAC staged pipeline 604 for
woumpes4rn a display device 660. RAMDAC st ageRICT/GB2004/000930
" pipeline 604 is a graphics controller chip that

mai ntains the color palette &nd converts data from

menory into anal og signals for a display device 660.
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programmable WAT color size selection device 650 to change the split of
the WIDs from the WID buffer. Such splits may include, for example, 7-1
color/overlay split of the 8 bit WID, 6-2, 5-3, 4-4, and the like, splits
of the 8 bit WID from the WID buffer 614.

In this way, various levels of color and overlay graphics
capabilities are obtainable dynamically based on the particular active
application environment currently being used by the computing system. The
graphics device driver, e.g., XServer, dynamically manages the WID split
based on the currently active application environment. In this way,
different WID splits may be obtained for different applications as the

different applications become active in the computing system.



size is selected based on the currently active
application environnent and the control data is sent

_Wo eooujogs1gr aphi cs adapter 600 by graphics devi CECT/GB20081000930
software. O course other nmechanisns for setting the
WD split may be used withou? departing fromthe
spirit and scope of the present invention. Such other
mechani sms nay take the formof a physical switch, a

Sepay %Egu%gwtaﬁ'é%gmﬂ%oﬂf%'w% t?aQﬁter?é d%g%f’édk a%ccr)rdance

received from external circuitry
with apiederaet SppPd sty ofF Me é’ﬁﬁ*ﬁ%‘é: éﬁV%}tthFbquéT(tr?\?\}\F 700
corgeliny imfprmatdwapidsutflemng, tiet eifel habe withk ¢@guimap, athe buffer,

and@We Wabina Tyl e@idrywm S R2PRensS. mefhcqua@yvl\ﬁnfag@wlb& such as
g ned bg an g@ %élt |ron The new wi ndow wi | | beWAT table 700
Pixee sPfTed Y %hR D PPRT RS ToRe CHmaY piXEr © ’
in ithiergyeapbei opnsnanotcheets Wit nefoween  entrsesrdndetssy by a WiD.
ThdTBpxelbulberin depd hxaﬂ\pa)éedesc&HBes tBe pixdlSt@ESkgnrdngan eight
bltngﬂié&’ Qolc&:.t o@sa E1:':(/\7&1 %oﬁf I’E‘Ltt Dﬁle tcgfo:.y\’ Dogﬁ{ng g.nﬂﬁ%atlon that

ased hese _new attr|

may; e HSPTThAON Soas " ARSI VHE Tt CUL iy PEs be Sisplaved,
wheghpy dheseifariar el smayaseatetonPr ofhetaalt gheoovgyday is disabled.
Thepeogiaiea g WA Lseal 0r cslae wael el kosvadand crebb, hasaedble 608
in guggugehgse new attri butes for the new wi ndow to thereby

programthe programabl e WAT col or size selection

device 650 to change the split of the WDs fromthe

W Db hierexa@pbd oply tfeumeyitenctaudesd fagr am Xadpk eéntd -2 WAT
tabdel OrgaeM efdray &ralltbin@fsmt&nSemxtlew RQini@h2ardiddexdddoy a WID

fro n‘?%]:; gggﬁéik%il.d. Jt@xhk':.gureog tl%?ué 191' o elllgs(:o&? %hglg%q)dlt system

, various lev col or
in yheth &Yedgraphs colit d‘}féﬁ??q tthescodre Gt arfdpieeoveriay WAT..  The
fouttybianweal 1sy shasedbetwecheripapbtétitlyasn@eblye WAT. So each WID

entw%llqa%é)ﬁﬁ @g\éanr e@r%% TR aﬁatéoxopevg:Agg :Jﬁiaeg?@ﬁ’fetrhﬁsed to

| S Vi [/

a1 e o e AR ae. THei D5 EpFFoog by pveriay
WATt e é@ﬁrvéﬂ?t Ieytra@t i %Sasﬁw@atm@m b@nvﬂofromﬁaeq@tler |38 PPR@e
ovewdyy, tdéidmarent MER=SPHI bt SvERYarbeisddiaianed for

different applications as the di fferent applications

beco active in the _conputin stem WD 2004/084172

PCTIGB2864F6 6@?@10‘6"%% ? 7‘” sa?WSexaN&e& Tt SARfapit split
WIDt gbite fige ddpf ctsed Tt ideeoiriandeD @% Hhg prlefepyldgr and three
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that may be indexed by a fixed number of bits from a WID buffer. Thus,
there is no flexibility with regard to the color and overlay capabilities

of the graphics adapter.

However, modern dynamic graphics environment would benefit from a
more flexible approach to a split WID such that the number of bitg used to
identify the WIDs for each of the color buffer and the overlay buffer is
selectable. The present invention provides a mechanism by which the
number of bits used to identify the WIDs for each of the color buffer and
the overlay buffer may be programmed into the graphics adapter based on

the currently active application environment.



in this exanple, contains two sets of sixteen entries

i ndexed by a WD. The pixel type in this exanple
_Walemapsdies the pixel type as being an eight bPCT/BB@H/000930

color or a twenty-four bit true color. other

informati on that rmay be inclifded may be, for exanpl e,

which frame buffer will be displayed, whether the

overlay is transparent, or whether the overlay is
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For example, when determining the WID split, the graphics device
driver may determine that there are no WIDs available for the color planes
but there are plenty of WIDs available for the overlay planes. In such an
instance, the WID split may be changed by taking one plane from the
overlay WIDs and giving it to the color plane WIDs. This change in WID
split may be realized by the graphics device driver sending control data
to the programmable WAT color size selection device to thereby set the WID
split such that one plane is moved from the overlay WIDs to the color

prlane WIDs.

Figure 9 is a flowchart outlining an exemplary operation of a
programmable WAT color selection device in accordance with the present

invention. As shown in Figure 9, the operation starts with a



In order to facilitate this programmability, the size

of the color WAT table 606 and overlay WAT table 608
woray4logtirncr eased to accommodat e the maxi num PCTiE82008/000930

" bits that may be used to index into the tables. That

is, if the maxi mum nunber of MWits for a color WAT
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and overlay WAT tables, then the nunber of entries in

t 6W|I nee suff|C| )
cot iS008 ST A LP0S Mol DEE oGt 8 SUTELELSEh) . e
defirpinafigr IWYDm Sat| %ﬂﬂlpg'fy by puttiE tha dTHATINTNBEFC gRceiving
colirpd degr Errrmow egdoaiidfATetadd Erigerd inSUehins a Aed wid-dolitc. 1f

so,biit e spls Eorﬂ:@‘%y\ec%ﬁacﬂé Qrec@ﬁ%dOY%At@%y%tM o Ra0) H?Q then the
S N R e

Ci én
be \?ﬁPﬁesfoéb?}?F“ﬁ%a%l éWf FOREROE P oz emaytwsom Viehprogrammable
WATs gohrra setaitdpn \ViATitabldenGiyiandraverd ay1 AT t abl e 608,

even if | ower nunbers of bits are used than the
[tin WDW|I index into_a

the r £suy
l'llecrg% aréntt y o? TPHE" Xol'BF* VAT FRINSE B GEalP split has not
beeave?qe&VEW?h? BicE 6. lﬁ@uﬂee gieEs P Exemphar¥iDbbetier (step
2307l agihanrids ustuhat Wy aoBectexesyliar yn abodinrentidhothe wip split

thaRl 04 rc%gFérﬂ:gyt NEe REQYT QQ‘E‘%@ bgo V\%deﬁjl o?fgsgoﬁgln%cgs@s are sent

g VIC ccordance resent I nve
co SR Pk B Crar 1Y T e PR Br0 FHBAREIE an
deth@Wl@e igpeatiedas rkat heewhelkomn phanesidf oier hay sscouatsdd (step

SSOMréﬁc&Sasy\%h{lﬂdow-ﬁh@f @Eé%ﬂ@:ﬁtﬂt@/ e i It Y& e§§z@pl(efe gIﬁ so, the
rye recelve Lhe. request and determ nes |
Ope%f\%%’ o E%ml aeteaSSS| 1o E%e RERYTW of ST an °e§F§R |9ﬁ§ and
thewrt?rﬁﬁyorbésmqeeﬁea unl:%l amnew wrilitdonsty gnedmteré :
WD split is determ ned based on the attributes of the

Newnws N %Wht {}%t prée%n@ eirﬂzgzngpﬁp € glgylbt.l. Bfmﬁ RR | i{h(eaglr%illcs )

cap%f‘tiles of a ra hecrm ﬁattl on eél L r C%?lg Zdé[namlcally
ata nay REMS PR SSF ot §Hﬁﬁﬁ PrEBHGRIsE
pr O%“@H@E]Pjr%ﬁraﬁhcéea@@(?eif n thee RRNDNG |50y ofvithehgr vipvicns
inveddpterti@dfuiter of hetehyseprogr agldhenprogr apTaRl ecAPAL
ind&aer 1§|d§r§a1§¢%1a§@§'|c@ﬁn§@éb|l€etc§3@9t£ﬂl vREQW dgo]?ol}eand overlay
copfipLLegh WRSHLH-Foby exabl e, bien ST GUITLIDLEC,
dyn%ﬁlfﬁh@en%aelﬁd@wes%%? |egsEecyler drdication phumesment
thatuts tirereathr ecplenty of WDs avail able for the overl ay

pl apess 1}1150186&59 BN notdSHANGE: 1k h@lev%ges%glt' 1 ndTRY: BE has dbeen

des&l@ggei% QM% C%flkn}g: O e F%l ?Pe r 9 Otnlrll].% Ver llr%SS?Jﬁlg‘V\FbStem,

1vin
tho PFt‘%’ﬁ’éi}a]@’e Sk&bl |l£‘e‘éineb§‘r‘f welér%pmaneesatdwh@te tipinKecesses of

the maem igomttioh adat eapatodet dfe bpiwgaptaithecdVAh €d @orm of a
comfitge Seligstd Ql@dﬂﬁnvbgelrisgr&aﬁgﬁgyarﬁeg Jaﬁ%eyéf R §a9_1n{s and that
the %%Egeﬁ«{‘%vé%{%?oﬁ lapp 1éss eqngz}l/ %I/ Iréc_:?arnr:]d Qses % € %artlcular type of
gsignal bearing media actually used to carry out the distribution.

Examples of computer readable media include recordable~type media, such as
a floppy disk, a hard disk drive, a RAM, CD-ROMs, DVD-ROMs, and
transmission-type media, such as digital and analog communications links,
wired or wireless communications links using transmission forms, such as,
for example, radio frequency and light wave transmissions. The computer
readable media may take the form of coded formatg that are decoded for

actual use in a particular data processing system.



plane WDs. Figure 9 is a flowhart outlining an

exenpl ary operation of a programmbl e WAT col or
_W@eloems41on device in accordance with the presePCT/GB2004/000930

i nvention. As shown in Figure 9, the operation starts

with a WO 2004/ 084172 PCT/ GBZ&04/ 000930 11

determ nation as to whether to reprogramthe WD split
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determ nation is made as to whether an end condition
has occurred (step 960), such as shutdown of the
computing device, for exanple. If so, the operation
termnates. O herwi se, the operation returns to step
910 and the operation is repeated until an end
condition is encountered. Thus, with the present
invention, flexibility in the graphics capabilities
of a graphics adapter is obtained by providing a
dynam cally progranmabl e graphics adapter. More
specifically, with the present invention, the nunber
of bits used for color and overlay WAT table indexing
I's dynam cally changeable to obtain varying col or and
overlay capabilities. Furthernore, this indexing into
the WAT tables nay be dynam cally changeabl e based on
the particular application environment that is
currently active. It is inportant to note that while
the present invention has been described in the
context of a fully functioning data processing system
those of ordinary skill in the art will appreciate
that the processes of the present invention are
capabl e of being distributed in the formof a
conmput er readabl e nedium of instructions and a variety
of fornms and that



the present invention applies equally regardl ess of

the particular type of signal bearing nedia actually
waged/osarrarry out the distribution. Exanpl es PET/GB2004/000930

conmput er readabl e nedi a i ncl ude recordabl e-type nedi a,

such as a floppy disk, a hard disk drive, a RAM

CD- ROV, DVD- ROMs, and transm ssion-type nedia, such

as digital and anal og communi cations links, wred or

Wi rel ess comunications |igamsi Ng transm ssi on

forms, such as, for exanple, radio frequency and

l'ight wave transm ssions. The conputer readable nedia
L may® 5k RE IR BIR B o oharatatiéseinat onre dispiededevice of a
corogrincpdeviade. usmpirisingparti cul ar data processing

system WD 2004/084172 PCT/ GB2004/ 000930 12 The
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to the particular use contenplated. WO 2004/ 084172
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of Hatsa to set a nunber of bits of a window ID for

i ndexing into a window attribute table; reading a

wi ndow I D froma window ID buffer; splitting the
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| east one entry obtained fromat |east one w ndow
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sending the first set of bits to a color window attribute table;

sending the second set of bits to an overlay window attribute table;

obtaining a first entry in the color window attribute table based on
the first set of bits being an index into the color window attribute
table; and

obtaining a second entry in the overlay window attribute table based
on the second set of bits being an index into the overlay window attribute
table.

4, The method of claim 3, further comprising:

receiving data from a color buffer;



2. The nethod of claim1, wherein the nunber of bits
of a wwndow ID for indexing into a window attri bute

WO ai©84132 a nunber of bits of a wi ndow |D forPCTd82004000930
into a color window attribute table. 3. The nethod of
claim1, wherein generating tfe gr aphi cal displ ay
using at | east one entry obtained fromat |east one
wi ndow attribute table includes: sending the first

set refeibits dboa &rell B bRt AL, bite tabl e;
sendi ng the second set of bits to an overlay w ndow
attrlb%et E obtaining a first entry in the color
wi A AEYTS Bt S TG LGSR “BrPaRE T FBF dee Blobbke color
buffer nesn ﬁrﬁaes@ei Aver fevebefleor Wiendowvstatbtibuhe tHeabb®ing

entgmd obt ai ning a second entry in the overlay w ndow
attri but e tabI e based on the second set of bits being

ndex e.overlay window attribute table. 4.
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data froma coI or buffer; WD 2004/084172
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Supﬁ%litﬁédbﬁbfi gfabAre 2dppeether conprising: dynamical ly
setting at |east one register identifying a split of
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In res onse
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com%’ﬁﬁb’é?t ed by a graphl cs adapter. 6. A conputer program
product in a conputer readable nediumfor generating
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for indexing into a window attribute table; second
| nsesarct ionsuéiotonsepdh Rga@ingi AAEWAbP 1 @8R M DI D burfer;

buffer third |nstruct|ons for splitting the w ndow
bits and a second set of bits
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bits and a second set of bits according to the number of bits for indexing
into the window attribute table set based on the control signal; and

fourth instructions for generating the graphical display using at
least one entry obtained from at least one window attribute table, wherein
the at least one entry is identified by at least one of the first set of
bits and the second set of bits.

7. An apparatus for generating a graphical display on a display device

of a computing device, comprising:

means for receiving control data to set a number of bits of a window

ID for indexing into a window attribute table;
means for reading a window ID from a window ID buffer ;
means for splitting the window ID into a first set of bits and a

second set of bits according to the number of bits for indexing into the
window attribute table set based on the control signal; and



into the window attribute table set based on the
control signal; and fourth instructions for generating
wo b@4@saphi cal di splay using at | east one entPgT/GB2004/000930
obtained fromat |east one wi ndow attribute table,
wherein the at |east one ent¥ is identified by at
| east one of the first set of bits and the second set
of bits. 7. An apparatus for generating a graphical
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attribute table. 9. The apparatus of claim?7, wherein

the nmeans for generating the graphical display using

at "eensttoprendany yrhebtedonddsdtr omtdtes| eash one-Law widasl

attaitute buteet abl e i ncl udes: neans for sending the first
set of bits to a color window attri bute table; neans

fogm gnesngl gbtthe second set of bits to an overlay
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attrifpeté ivable S@endof bits being an index into the col or
w ndow attribute table; and neans for obtaining a

second ntro)é/> in the overlay window attribute table
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tab]tehaa%\?ie?ql dpe Mperdveet of i tikseb¢ialgl @n index into the overlay

window attribute table.
10. The apparatus of claim 9, Ffurther comprising:
means for receiving data from a color buffer;
means for receiving data from an overlay buffer; and

means for generating the graphical display based on the data from
the color buffer, data from the overlay buffer, the Ffirst entry and the

second entry.

11. The apparatus of claim 10, wherein the graphical display is
generated by a RAMDAC staged pipeline which receives, as input, the data
from the color buffer, data from the overlay buffer, the first entry and

the second entry.



10. The apparatus of claim9, further conprising:
means for receiving data froma color buffer; neans
wo evo4t080et vi ng data from an overlay buffer; anPCTe8a®4/000930
for generating the graphical display based on the data
from the color buffer, data ¥¥om t he overlay buffer,
the first entry and the second entry. 11. The
apparatus of claim 10, wherein the graphical display
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attribute table color size. 13. Tﬁe apparatus of claim
1 12, wherein the request is generated by the
‘appl 1 APRTRTUD S 6h AY: abieidowreforehbi ki tet dotver is an
XSeryer Tegigp@atatus of claim 12, wherein the graphics
device driver is an XServer device driver. 15. The
appg/a | aim. 7, further conprising: nmeans for
L dyg{r?i %a rgfcgsgtot%i (ﬁnlgala f71 eél§F£%h§g$%rdis§F ¥ identifying
a split of the wwndow ID bits, wherein the control
dat®eaps fgyndyriagatally segenyedk i1Bas©SRONSRikOe@AN dent i fyving a
splappd ed WeAasequesidsNOwia-38h 10k 85ARRE Cale, PATANELELS
rechVé&eir?%esgﬁﬁdtgyanaa%ﬁ%glcfgn %ga ets?:ghg a set of graphical

parameters to be supported by a graphics adapter.



