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1 APPARATUS AND METHOD FOR DYNAMICALLY PROGRAMMING A
WINDOW ID CONFIGURATION BASED ON AN APPLICATION
ENVIRONMENT BACKGROUND OF THE INVENTION 5 Technical Field
The present invention relates generally to an improved data processing
system and in particular to a method and apparatus for 10 displaying
pixels in a data processing system. Still more particularly, the present

invendiosn: previdesm methad and spparatisfor HRARUNIAGNVINGWMbow
identificglion buffer-useda.display pixels 19, E’ﬁ?d%r QGRASING SyPtem

dynamically based on the requirements of an application environment. 15
Description of Related Art Computer graphics concerns the synthesis or
display of real or imagitafFeBpRECtSHrGHE cEMBHiRICHased models. In
computer graphics 20 systems, images are displayed on a display device
Tech#@ & USEIdatwo dimensional and three dimensional forms. These images
are displayed using pixels. A pixel is short for a picture element. One spot
in g rectilinear grid of thousands of such Spots that are individually
"painted” to form an' image produced on the Scréefi by & EGHTIUET6r on
FEOCpaperby  printet! A 25°piel 18 the Smallést étement tRabeisplay 6F print
91 sp Hatehfare dhd software téaRimzatiptiates s creatingtletterss rumberscorarly,
the graphicsiThege pixels:andinformation relatiag:to-these pixelsase istored
winddm a buffer: The : information describing a-pixel s ideptified-using a-Window 4
syst 4R QMR A1 WID.is used,as.an.index.into.a windaw attribute table (WAT).
Jhe WAT 30 contains information describing how a pixel will be displayed
on the screen. For example, a WAT identifies depth, color map, buffer,
and gamma_for a pixel. Typically, the WID is drawn into a separate buffer,
PeSCRIREH TS 85685 déscribe how the pixels in the frame buffer or buffers
will be displayed.

Computer graphics concerns the synthesis or display of real or

anvi

imaginary objects from computer-based models. In computer graphics
systems, Images are displayed on & display device to a user in two
dimensional and three dimensional forms. These images are displayed using
pixels. A pixel is short for a picture element. One spot in a rectilinear
grid of thousands of such spots that are individually "painted" to form an
image produced on the screen by a computer or on paper by a printer. A
pixel is the smallest element that display or print hardware and software
can menipulate in creating letters, numbers, or graphics. These pixels
and infcrmation relating to these pixelis are stored in a buffer. The
information describing a pixel 1s identified using a window ID (WID). &
WID 15 used 2s an index into a window attribute table (WAT). The WAT
contains information describing how a pizel will be displaved on the
screen. For example, a WAT identifies depth, color map, buffer, and gamma

for a pixel.

Typically, the WID is drawn intc a separate buffer, which is used to
describe how the pixeis.in the frame buffer or buffers will be displayed.
Some graphic systems, such as, for example, UNIX servers, use overlays to
enhance the perfocrmance of three dimensional applications, which need to
have data overlaid on top of a three dimensicnal spplication. These type

of servers typically reguire a separate WID buffer for the color planes

-

anc overiays to allow for a unigue pixel interpretation for each layer.
That is, separate WID buffers are used so that for any given pixzel

locavion, e.g., x=10, y=10, the pixsl in the overlay can have az different



10

15

20

25

30

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 40 and overlays to allow for a unique pixel interpretation for each

layer. That is, separate WID buffers are used so that for any given pixel.
ocaton, g e Tl R e Lo e
piXet imrpretation, e.g., different color map, depth, etc., from the one in

the colQr planes, An example of such an overlay is shown jn Figure 1. In

this exé@\rﬁ1 pﬁé?rﬁ%% O%B%C%n%%%vee %?gplﬁaf?é%sﬁ%gyﬁwﬁg 'Ii\%é éﬁj&r’%afwﬂe’ map
frathedubfedssahgal sigiepitD SobarffdinNMep 10 drialtkdas:asetafdgixalsD

' olor frame.buffer that represent states in map 10Q. For example,
e S TP e Bt Toearat s
IveatedinFarcolonfiamsbdpafier whtlet thette)ttilextse 404 Thdqaated ey ghape

rlay fr buffer. In this example, :'Texas" 104 is located in a region
e aregis %@e‘ﬂaayc r%%é%%?féﬁ%ﬁifghéﬁgfgg 55 ii%%%té%%ﬁ%?&%ﬁm a
08 Iaythemelonfiane thiskuffenil) Figuse' 284 anlexample Of€lata I8 in the
orti f olo ris Jlustr igure 2B is an example of

n of a WID. %\%uff teqa.eF, >
Q0D et R D Bt S e e R o
thefaumbers illustrates a WID which is used as an index into a WAT to
identify, informatign used to dis a pixel associ e%h the WID. 15 In
Figure ég%er%% 131%S)c(la%ﬁnedlgc%gciéet%ﬁgtatﬂ%%% rﬁt & HisSRleO RS 3
iisstrated fagulting WiDs:thatploofdibe isegdaidisplay wikelsveisplayed:, in

S e e Ol D e L P A o L ey

thé pixels will Be Petrievad Tor tapigy. TYPIEAR 2 an eigheish Soiaff Hhadex
heddentiig doindbaridwiarfeimaidichthtee 2D hits: i dsechtoaidentify the WiD.

for the overlay buffer and.in which five bits are _se(%t identify the
HSleaE S R RSP AR s S 0L Lsedt as an
index iffigan Dibriapid AT uitile WElower fivekitcare dsedigsandndax
inQ.a, color WAT, With three Db ight WID entries may he ic?entified or
asgﬁggzgd% %S%&?&%%{botﬁ%ﬂ% o%é&r%y)} I?Jsff‘@ting.a'li'ﬂm Y dies arhappter
ntriesinaylbe retrieved for display.

Typically, an eight bit split WID may he identified in hardware in which three
bits are used to identify the WID for the overlay buffer and in which five bits are used
to identify the WID for the color buffer. For example, the first three 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 this 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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25 assigned to pixels using the WID color buffer. In this 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 the3wID for the color buffer and the
other four bits are used to identify the WID for the overlay buffer. As a

result, Sk, ndonfigustiom3eifravides gixtae W 3ok BeththeieveHay,
and celor S. =3- Thus, in known systems, either an eight bit split WID
TR AERELCEA15 ol SO K G Eolbr mrean e diod BRaoseel
tovictanytify flee AAAD St st ovierfaybwiter ﬁfuar&i@égm@m@&#w&ﬁg%ﬁ JRW of
its.being used tq identify each of the WID for the color buffer and the
g%@t?ﬁﬁ I*at (Brg\}%%c?ﬂ‘?gh&%‘&ﬁil@% BubpL sts A SoAmRGERASNS
ateftxed bnd oot thangeablee Asapplicationsdageamme more graphically
sophisticated,.these two static approaches to providing WID planes are

fast beEOrARY tOOTHRTGFHIK S5peErally RISy aody Rafrittic

graphickeenyisenmisng WHere e uabet BEMMIs eaviresifor ershdaysleially
i.e. G Iorgnd overlay, can @% greatly over time. Thus, there is a need 10

BT ISVl B PAT A8 R TRETRBE 81 BRsiciihg RyRBFRRAN DS required

doljusthlile I spliss tadecamamedatethe-rianRmieaRRNICus, there is 2 need
gnvironments of todaé'gégg]dgu er agpplications. SUMMARY 15 In

B ATRES AP RAS of G G S8 RvAL B @GiRstable WID

apipariatuscdongrnes ain g aarapbiepheis Riay R AIS RPN S8VIC Rl Ater
uting device, comprising: a window ID buffer; a programmable

Cco

\%F%W ibute 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 20 device; an
overlay window attribute table deviceséwﬁl%ﬁgthe programmable

windowritithudenaie colarsine selertion, deyise itl?eﬁi@@?fi)ﬂi@@diﬁﬁ apparatus
oupled to the color. window attribute table and the overlay window

TN ¥R HUSISFD (eI L St sl an 4536 & HrseTpinghdesise.
oveiayibyfteroatierbtetherstogied RiReling. WharInthe progammable .

windaw aftripute table color size selection device is 25 dynamically

BTG ARIERE SRSNE R Bt Gt reRB oM e oA icle
devicediiyRidte therphys ehangsl awingawiRisplit fiem & firstwdndpuiR
%glgctg, gﬂ overlay window attribute table device coupled to the programmable
window atiribute table color size selection device; a staged pipeline coupled to the
color window attribute table and the overlay window attribute fable: a color buffer
coupled to the staged pipeline; and an overlay buffer coupled to the staged pipeline,
wherein the programmable window attribute tabie color size selection device is
dynamically programmable based on control data received from a software graphics
device driver to thereby change a window ID split from a first window ID splittoa

second window 1D split.

BRIEF DESCRIPTION OF THE DRAWINGS
The novel features believed characteristic of the invention are set forth in the
appended claims. The invention itself, however, as well as a preferred mode of use,

further objectives and advantages thereof, will best be understood by reference to the
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second window ID split. BRIEF DESCRIPTION OF THE DRAWINGS 30

-The novel features believed characteristic of the invention are set forth in

the appended claims. The invention itself, however, as well as a preferred
mode of use, further objectives and advantages thereof, will best be
understood by reference to the -4- following detailed description of an
illustrative embodiment when read in conjunction with the accompanying
é?fwma%%ﬁ%%ﬂ?ﬁaa?@a% ' SRAFARHE SFPQGREA SoitRFret 4 Gpmnetion
buffemhandcammveitaydahufierWgwia: 2A is an example of data in a

portion of a WID color buffer; Figure 2B is an example of data in a portion

of a WID overlay buffer; 10 Figure 3 illustrates resulting WIDs that would

be useditadisplayrixalsplisplayedon seseemkigute, i Riciariflerlay
E?{%esentation of a data processing system in which the 15 present

fition may be implemented in accordance with a preferred
embodiment of the present invention; Figure 5 is a block diagram
illustrating a data processing system in which the present invention may
be imp ﬁi&ﬁt%%‘;%“ﬁéﬁ?@’% %f§%mekacﬁa§agmqi|as\ﬁlgaﬁglard%%ﬁ%s
adapter is depicted in accordance with the present invention; Figure 7 is
an exemplary WAT table illustrated for a color WAT and an 25 overlay
WAT it €6 rdant VAt TS SteSeAt b @RtdMR RiguFER RvaHas @ firary
diagram illustrating the data flow between application, device driver, and

RAMDAC in arder to provide a dynamically configurable WID according
to the préS&ntit fﬁ%f&ﬁ%ﬁtﬁé@%@%&%gﬁ%wm&wm

expmplanyopesation of the present invention. 5

Figure 4 is a pictorial representation of a data processing system in which the
present invention may be implemented in accordance with a preferred embodiment of

the present invention;

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 1s an exemplary WAT table itlustrated for a color WAT and an

overlay WAT in accordance with the present invention;

Figure 8 15 an exemplary diagram illustrating the data flow between
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

mvention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT With
reference now to the figures and in particular with reference to Figure 4, a
pictorial representation of a data processing system in 5 which the present
invention may be implemented is depicted in accordance with a preferred
embodiment of the present invention. A computer 400 is depicted which
includes a system unit 410, a video display terminal 402, a keyboard 404,
storage deyicesr408, subiat raynncludertloppyrdrives ansbothatypes of
permanent and removable storage media, and mouse 406. 10 Additional
L gtevices, ey, be neludad with personal computer 490, COMPUISL. oc
400 can be implemented Using any suitable compiiter, Stich'asan iBM =7
o FREEOGD coniphter dF inteliStatibrEombaterawiich & protitisorEten i
whicthtebfal6het Busiess: Machities € oiporation; 4dcateddniAlmonk, Newrdance
withYerkr«Although:the depicted Tepresentation shows:acomputersothet: 200 is
depiempodiments A5 ofitheprasentinvention gnay be implementedin.gthen 402, =

.keybttyepz%s 9&g,atgtcpggggséiqgcsgsStgég?’ %Hggha%aayngitlva\:/'o‘ggécq“mcpmerdr ives and

-..Computer 400 also preferably includes a graphica u“‘sprLihtgzrjfkéce that
“Hhay BEimplémentad by e ARt of SySteths Sottware fesiditty i Eomblier
hadifdadable riedi i opetdiion AWithin cotputer 2002 20 Withcraferencel Bbw
Comptgr FgURed 5; anbleck diagran dlustrates ardatasiprocessing-systemsinewhiehar
13n the presestipvention-may be implementedhRata. processing. system.500, ¢

nt <520 :example-0f a. computer. sugh.as computer 400 in, Figure 4, in which, .,

a1enfR QL insttuctions implementing the processes of e 25 present, . ...
o ihrglention may be located. Data processing system 500 ém oys a -
It . i}

peripheral component intérconnett (PE4) T66ar bus Achiteettie® AltRdagh
PEOSHE Hepicted examphéempldys & PC basrsthér busCarthitecties sbeh as
rrefAeeelerated Graphics RPorti#AGPand:indestrr- StahdardzArehitégtureented by
mean@d SK) dmay=be usedrProcessor:b02 and main memory-b04 are conneeted 2« ion
witHoPChlegal:3Q dus 506 through PCI bridge 508. PCI bridge 508 also may
include an integrated memory controller and cache memory for processor
502, Additional ggny&ct@on; to PCIslocgleus 506 may be made ,rough =~
direct component interconnéction of throlight add-if Boards i the®® = 9==2
procaéﬁh&%cfystem in which the present invention may be implemented. Datsa

processing system 500 is an example of a computey, such as computer 400 in
Figure 4, in which ccde or instructions implementing the processes of the
present invention may be lecated. Data processing system 500 employs a
peripheral cemponent interconnect (PCI) local bus architecture. Although
the depicted example employs a PCI bus, other bus architectures such as
fccelerated Graphics Port (AGP) and Industry Standard Architecture [ISA)
may be used. FProcessor 502 ancd main memory 504 are connected to PCI local
bus 508 through PCI bridge 508. PCI bridge 508 also may include an
integrated memcry controller and cache memory for processor 502.
Agditicnal 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, =mall computer system
interface SCS8I host bus adapter 512, and expansion bus interface 514 are
connected to PCI local bus 506 by direct component ccnnecticn. In
contrast, audig adapter 516, graphics adapter 518, and audic/video sdapter
518 zre connected to PCI local bus 506 by add-in boards inserted inta
expansion siots. The processes of the present inveniion may be used to
manage rendering of data by graphics adapter 518 or audio/videc adapter

518,
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example, local area network (LAN) adapter 510, small computer system

35 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 @dapter 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
besed.to 40:manage rendering of.data:by graphics adapter 518 or .. .o

o %ud!%/ Jc%q:o%apter 219 26 Exgansciortbu§ interface 914 provides a !
Sconne}\étron for a keyboard @nd mouse adap ter 530, mc? ém 522 ‘ahg"c oue

ey Jaitioa P ATem ST 5’2&°§@§1"r?OStBﬁs“%déﬁ’te?LSPEJﬁ’r%\ﬁaés gape drive 528,
arnd Eonhgdétivn for RAPd diSkrdrive 526, tape drive 528, and GD-ROMdriveuprort
threb30r TpicalbPCElacal-bus implementations-wilb support =5 three or four

PCI expansion slots or add-in connectors. An operating system runs on

progessor.-20z.and is,uged to. coordinate. andprovide control é)f varroum nate
, Sompopents within gatalplrocessrn system 500 in Figure 5. T e

"9 Sperating system may bea comome?&%ﬂ@sava‘labpe 9 Bp%‘rﬁf‘?"@s systepT e 00
0 FSgBR%s OS2 ewhichds daiapie fromvrteraatiotet - BisiressMachihes
oper€orporation:M0S/2" issatfdademarkofinterratiohat BusinessdMachines:

Bus iCorporatinn £n object oriented programming:System such aswlavaimay:1

Bus IHHY N m}j;ufl@i%by\&tiuhe&pef@ﬂngt%&t@re @d QJQVAQ%ICC@!{@ nté) Eh%+ em such

as JARETalng.system fram,Java,pragrams,or applications executing on 15, .,
.data grocessrng system 500. "Java’ is a trademark of Sun Mrcrogystems

" “Inc. Thstructions for the op eratln EyStém. the obfest-orientéd dpérating? o
R PEETR® BN aﬂbﬁﬁ%ﬁéﬁg or f(?dfaam”ssafe GE8fdE o storatje tevieess = ene.
Inc. suéﬁSésuﬁar@’bﬁsﬁ%rrvé%%?aﬁdlmay%Rl)“adedern@@matﬁcmemgey 504 rating
systifor executiopbyqprovessoer 50220 Those of ordinary skilkiytheartawill, such
a: happreciatethatdheebardware incEigureib.may: vary depenrding sy the

exedmplementation. Qthegjternal. hardware or peripheral devices, such as
flash ROM (or equivalent nonvolatile memory) or optical disk drives and

the like, may be used in

Thosé I"ordinary skill in the art will appreciate that the hardware
in Figure 5 may vary depending on the implementation. Other internal
hardware or peripheral devices, such as flilash ROM (or eguivalent
nenvolatile memory) or optical disk drives and the like, may be used in
addition to or in place of the hardware depicted in Figure 5. Also, the

processes cof the present invention may ke applied to a multiprocessor data

T

processing system.

Fer example, data processing system 500, if opticonally configured as
a network computer, may not inciugde 30ST host bus adapter 512, hard disk
drive 526, tape drive 528, and CD-ROM 530, ss5 noted by dotted line B32 in
Figure 5 denoting opticnal inclusion. In that cass, the computer, tTo be
properly called a client computer, must include scome 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

further

"S'

comprises some type of network communication interface. &I

[65]
sl

example, data processing system 500 may be & Personal Digital Assistant
{POR) device which i1s configured with RCOM and/or flash ROM in order to
provide non-volatile memory for storing operating system files and/ox

user-generated data.
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25 addition to or in place of the hardware depicted in Figure S. Also, the
processes of the present invention may be applied to a multiprocessor
data processing system. For example, data processing system 500, if
optionally configured as a network comp%uter may not include SCSI host
bus adapter 512, hard disk 30 drive 526, tape drive 528, and CD-ROM

530, as hoted b ottedlne5 2 in Figure 5 denqt ional Inclusion. In

oat B P B SIS B BHGR o CAni S e e TRBI peepot mean
tBGh:l{jB/ sehdyneadfineiwiors. Sommpnisiatiantintestacsnpuebas E&MNiso may be
ada 10, modem e like. As, an er exa

B R Bt Sobr e ST AL A Lyt AL i ran tHBDA
Daciphbie svithoul relyirfgonlsomeytype afaetwarkvebmsplinigation

interfa Whether or not dat cessjng syst m 500 comprises .
ype o FiCao THEHAREY RS R BRI e

@épmwiﬁ@sy@t@m&%mapm&ﬁ%mia@it@f@s@mm@B%ha@.\@@pmcs
which is conflgured Wlifi %I%OM and/or gash ROM in order to 40 provid

AR R B RS Sl BRI AR Sy SRS G BRI dabter 318 in Figure
8 S@h@ﬁﬁtﬁ@&@ﬁt&a&@o 1heilifes depigieteexampie, IB0Zighde: Paafem access memory

%&}t%f( desc :%eéj?gﬁ%n m@&@r&g@oé Wr 5%; tg{él li |tat|ons Hons,- . ¢

g@gmqithaaod heldl eompatestin additienota-taking e ermnGok: aaIR@zA
Data proc 8‘9 L?ém 500 also may. be a kiosk or a Web appliance. 5
t r%f&v

TG He B SEBRSCHMYEH SR st atG G PapRey fYaghs udes »

dﬁ@mf@dﬂ@mda@@wu&awﬁ%f@%dm Bodiment efthebprasasTi. The two
ventlo Graphics adapter 6Q0 is an example of a graphics adapter,

SUUFE TGRS STHGR Eyaret © BAEHAS ShsstPeetnineitiie

am;aﬁap@ammm@&%aoﬁwa@m ALEESHiMEmMon4digitatiphanalegtroller
con rter (RAMDAC) 620. The R%E(IbDAC 620 mc\;udes a RAMDAC 1 .
’p’ﬂbaéﬁrtf"é%d © OIS RA0TE R 66 44 BBy AR AR & & signals

ﬁﬂdi ﬂ@p@g,rawf@aMQ{)WAT color size selection device 650. Adapter
memooL 08 uAs 2 ol e e 10, 0 ovrey e Bl
ane Sﬁ@bt&iﬁbﬁrl\ﬂ@m:ﬂimplﬁ%imﬁ“@%ffcﬂmﬁﬁuld@@@ﬁﬂi%@@ﬁ&&@lbes how
D G n R LR R Gl s araphics controller

The programmable WAT color size selection device 650 is used to select which
bits from the WID buffer 614 are used to identify a color WAT table 606 entry and
which bits from the WID buffer 614 are used to identify 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 15, based on the control data received, the configuration of the
programimable 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 WAT table 606. The remaining bits
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15 chip that maintains the color palette and converts data from memory
into analog signals for a display device 660. WID buffer 614 contains
WIDs that are used as an index into color WAT table 606 and overlay
WAT table 608. Each of these WAT tablgs 606 and 608 describes how a
pixel will be rendered on a display device. 20 The programmable WAT

lor siz ction device 650,is used to select whj its the WID .
T R e e SRR T s B e e
fromlaNAUDt hiffen 63 4Tare] dsedftealidelotify AT aveday MWATIdable@BO8YV AT table
entry. The programmabl olor size selectio ice 650.i
B R o e DS s e o e
Pl dedifdnidd Gotdn Fijaye b fBasEd2 Torihe conttoh dataseseivedividay
t&%idgt&gus, a register in the WAT color size selection device 650 of the

grapﬁwlcs adapter is set which in turn sets the number of bits used for
identifyifig coforoWWAT talele tetriescaWdldvplialy: WA tabienenisieSVIR RIS or size

A3 5 SEL DS WP B tapical oRapAD s e

evice driver, e.g., an rver.
recefvedgtivéticdnfigurdtionadiithe: @rogranehaltie A TICOIOE Sizesselectivnised.

evice 650 is modified so th identified number of bits, received fro )
D R A RS B Pocsn et g only active
tivetebyi identiycamentanihthiee onlel \MAT dable 606e TheremainingtEits) by

-8- from the WID. buffer.are ed along to the pverlay WAT table, 608 for .
T R B o R e e, A gD ol
entrpansedveittayuadatabiefrentthareithemdutppt i6f the RAWMPAGention. Such
8%1&%%.6@% eﬂqﬁle 604 ft% g%gev%l(i)th doaftg fl’ﬁ)r‘gl(t:hle cc%l r buffer 61Q and .

overlay butfer 81216 garerate B serderimsge Sntthe dispisy 5 Devidine upon

86 iTheirontrghdatausedite s étcthes i Aplitdinithe progiamieable WAT

color size selection devuileczt?USOO_ rﬁ%aﬁy(egg?gggi%%a%éjé%{ ?@é §l§§1§f§ Soutr?(r:‘%* b

that is cgf)%?? BriAtett: Cing Wit _
théfsATicplonisizdl tederasatwl Walpreferiad! ethbodippent, the WAEColdidow

R L e R TR D SR SO
tevicedpivel sotwaretiQf counséathendoechanisme folaeiiing e IRpth,
e AP R SR B RO 9P e M may meeat 10
be changed based on these new attributes for the new window.

As a result, the graphics device driver software may send confrol data to the
programmable WAT color size selection device 650 based on these new attributes for
the new window to thereby program the 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/ovetlay 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.
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other mechanisms may take the form of a physical switch, a separate
input line upon which control signals are received from external circuitry,
and the like. 15 For example, an application may change an attribute (new
color map, swap buffers, etc.) that will require a new WID. Typically this
happens when a new window is opened by an application. The new
window will be assigned a shared WID if it has the same pixel
interperetation as anothemnwindow zi.exsame colok map; buffer,.depth,: cance
witHayel ele .anitisassigned a:new WID. Itis at this time thatthe WID spli

coneTi2).NE8M 10 20 be changed based on these new aftribites for thenew

window, As & result, the graphics device driver Softwar iy S8Rd contfdl =™
*n9 §afa 16'the ProgrammablesWAT Colot size’SBlection Hevice 650asedon =2
pixsthdswhewattributes for the new window torthereb\eprogiam ther tasis 700,
in tpregrammable WA colot size selection: deviee £50 to-change-the splitofr .
The the.WIBsfrom theWID.buffer. Such splits may25dnclude, for example, ;..
nit ri&&?'QUQA’_ﬁr@y split of the: 8, hit WID, 6-2, ?5%@?’.’4’ éltr]ﬁde;:h%nl}lé%mgpygsl of, .-
nay e 80EWID from.the WID bufter 814 In this way, various levels of color

‘and oveérlay graphics capabilities are obtainabfé dynamically based Ghthé
“he i aficdfar Aétive applicationenvitonniént tiirferitly Befrig tsed by the™""=3-
ThesCofMipuating Syste. THE graphics detice driver, 9. XServeri B0 WAT table 608
in Fdynami€ally manages the WID split based on the currently active

application environment. In this way, different WID splits may be obtained

fordifferent. applications asdhe different applications hecome agtive inthe

tem. 9 In Figure 7, an example of a WAT tablgeig %egicted’

tabl%qnqgggggéggie‘conudlns si¥tekn entries, , wnich are in AaGA D
in accordance with a preferred embodlm_ent of the present invention. VVA%

d

“Ftalble 700" tontains inforfvafion destriing th&pixet typ&, thecdlor map, *veten
i vihebutfér, "ahd thé gamnia Tor coloR WATS WAT Fable 700 nelutes’»T.  The
fourinformation sudh asbipixek typecolorsmayy, and transparency for everlay:iop
=nz 'WATSL WAT table #00,vdn this example,containstwo setspfisixteeh.q -c
disp@!ggfi%ﬁéngﬁw Q:y %]’WIQCIEQI? QB@' tMQﬁe%tm§ %@@H@?ﬂe%@'@% gﬂ{%rlay
war RiXeliype,as heing.an eight bit pixel Golor,or a twenty-four bit true color.
ove-Other information frat. may be Inclutied may b, for example, which ffame

buffer will b& displayed, 10 Wheéther the dverlay is fransparent, or whether

the overlay is disabled. These entries may be used in color WAT table

6068aﬁ65§\‘}éﬁ3§/ WAT tables08n known systems, either an eight bit split

WID with five bits used to identify a WID for the color buffer and three

U]

bits used to identify the WID for the overlay buffer or an eight bit split
T

WID with four bits being used to identify each of the WID for the color
buffer and the cverlay buifer are provided in a graphics adapter. Thase
configurations are fized and not changeable. That is, the graphics
adapter may include only a single color WAT tablie and overlay WAT table
that may be indexed by a fixed number of bits from a WID buffer. Thus,
there is no flexibility with regard tc the color and overlay capabilities

of the graphics adapter.

However, modern dynamic graphics envircnment would benefit from a
more flexible approach to & gplit WID such that the number of bits used to
identify the Wibs for each of the color buffer and the overlay bhuffer is
selectable. The present invention provides s mechanism by which the
number of bits used te identiiv the WIDs for each of the color buffer and

““““

the currently active application environment.
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in Figure 6. In this example, only four bits are used as an index into a
WAT 15 table. Each table contains sixteen entries, which are indexed by
a WID from WID buffer 614 in Figure 6. This in contrast to an eight bit
system in which the WIC is split betwéen the color WA' and the overlay
WAT. The four bit WID is shared between the overlay and color hAT. So
each WID entry will point to an overlay WAT and color WAT. The buffer

used t0:20 display theipixel am the.screen-will depend-on a-setting ofithe.. .
WAT Q\é‘%ﬁ!@yewpé}&%%% JDNzgptrtyab-E@s&%ttm r%%ypﬂ%r@gs%éagncp Igégor}nm date

1, Opaque. qyj%ga);, trﬁansﬁ,glaoretnt overlay, or oove,rlgy dﬂjisabled;ﬁ As giscgssq
= previously, ih known Systems, “eitfiér an eigift bit spiit® 25" Wib With e bits

thatyséd totidetitififa WD for e coforbifferand thfeé bitdTused s identifysuch es
in a het WID forthe sveriasrbafferioran eight biv spHE \WID-with foar: bitse number
of dpeingeused toidentify eeich ofithe \AAD fonthe.eelor buffer and the averlay
ovputier are-provided in a-graphics.adapter..T hese; configurations are fixed ...y,
i+ andnotchangeable. Thatis, theg gapa@ér%Qf%@teﬁfam%v Inclyde.onlya 5, .
i-s Slgglg&ofgrg/gAzetgbl% and overlay WAT %%l;; e ﬁthﬁ ma%/.hbe‘ indexed !Q% a_.

fixed iumber of bits from a WID bufter. ‘Thus, there'is o fiexibility with:
=Nt etjard to the CSiol and overtay tapdbilities Fthe graphits’ adapter. 35 cover
a1l Hewevdr mvderm dyramicgraphics ehvirorhentwold bEnefit ffom euch =
colgnoreTflexible agproachdo=a splitAWiDtsuch thed thevaumber. of bitsuseekto o«
b1t ddentifydhe WIDs for each ofthe-celorhuffer and-the overlay hufferis, -
pariSelectable. The present invention pravidega meghanism bywhich the oo

number of bits used to identify the WIDs for each of the color buffer and

40 the overlay buffer may be programmed into the graphics adapter based

on Pt CIrfenfly*ctivE dpplication €nvirsAREnt: 10/ Sir 8Fdep to fachitate ==y
enkbofig programmabifitythes sizes of the cotor WA Taable 606 and:overkay ion
deviWAT table 608 mayherincreasedsto.accommadate the maximum nigabers, an
appl(lfctﬂii@cm%maﬁ’e@@é&%d JOMIDO@WHQT&%F%'G& That @euliafnthsl%m(%%rlays
wou MBS of bits far a color WAT tableis 7, suchas .., . .

=R

Xserver)

receives the reguest and determines 1f a new WID 1s to be assigned to the

window or 1if an existing WID may be utilized. If z new WID is assigned,
the WID split is determined based on the attributes of the new window that
is being opened by the applicaticn. Based on this determinaticn of WID
split, control data may be sent to the programmable WAT color size
selection device B60 in the RAMDAC B850 of the graphics adapter 840 to
thereby program The programmable WAT color size selection device B80 to

o
previde the desired WID split.

For example, when determining the WID split, the grephics device
driver may determing 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 ones plane from the
overlay WIDs and giving it to the color plane WIDs. This change in WID
split may be rezlized by the graphics device driver sending control data
to the programmabie WAT color size selection device to thereby set the WID
split such that one plane is moved from the overlay WIDs to the color

plane WIiDs.

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

invention. As shown in Figure 9, the operation starts with a
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5in a 7-1 bit split between color and overlay WAT tables, then the number

of entries in the color WAT table 606 will need to be a sufficient to cover

all possible values obtainable from the 7 bit color WID. Similarly, the

maximum number of bits for an overlay WAT table is 4, such asina 4-4

bit split between color and overlay WAT tables, then the number of 10

entries in the overlay WAT table 608 will need to be sufficient to cover all
d=tepOssible valuesobtainable from:the 4.bit averlgy WID. With, suchsa,color,,,;
cove WIS 06 s orerag ot e 9% vt o numbers of, bits

cor . 8I€ gﬁd than the Mmaximum, the resu_..t.ing WID will index into a )
particufar entry of the"color WAT Table 606 ant overtay VIAT taBid etig.*c - 1f

50 Y5 Fighré §'is an ERempRaryBidciediagiat iflistating ond'ékempldny then the
WID gmbodififeritforcprogramming theprogrammablésWAT (colar $ize seldttionmay
be dglevicédn acsordanceywithrthe presentinvention: As shown:in:kigure. 8y 8han1 e
war @pplication 8L0requests a windowibe openedin the: color planes
(overlays 20 would work as well). The graphics device driver 830 (e.g.,
ngrverg fLecelves the request eind Qetermlpgbsrg a new WID |s to be Cas not
as&gned to the window orif an existing W %/ Be ufifized: 15 new™> =
2EO\RTD s a8signad “HREAWITY spiitie déi%rﬁﬁﬁeddﬁaséuoﬁn%% ﬁft?lbﬂ’[ekeéf step
930 the'héw whiidow &t ishéiffy bpehed by the application=Based orethis> split
that determinatiory of WHD25 splitt corfitdl datai may be senttaithie.y vits are sent
to tprogrammakle-WAT:golarsize selection.device 869,in the.RAMDAC 850
aeceQfithe graphics, adapter 84040, thereby program the programmable WAT

LV STEeD

color. size selection de\uce 860 to % ovide the desired WID spllt 30 For
I

960},
example when doetermlnlng the W S(E)h% the grap?ncs HaVice driver® rrfay

P S RIing At tHere Aré TO VDS Availible forthe tolor Fplafes™ bt therend

the Zterplerity oFWEDe avaitable fértive dveriay planess Inrsuct @y sdstance,
the WID split may be changed by taking one plane from the overlay WIDs
andgiving itrto:the solerplace MWADs: T hisichapge:in, WID 35 split may.be

capaealized by the 9@99!&% dgzyl%% driver §gnd1qg'cqfnytr8!rgélg;;% tged\ﬁlamicaily

progRfRArammable WAT, colar size gelection device, to, thereby set the WID

split such Ihat one pl%ne is moved from the overléy WIDSs t6 the color
inverntlic . Bits used for color and overlay WAT table

indexing is dynamically changeable to obitain varying color and overlay
capabilities. Furthermore, this indexing into the WAT tables may be
dynamically changeable based on the particular application environment
that ig currently active.

It is important to note that while the present invention has kbeen
described in the context of a fully functioning data processing system,
those of ordinary skill in the art will appreciaste that the processes of
the present invention are capable of being distributed in the form of a
computer readable medium of instructions and a variety of forme and that
the present invention appiies egually regardless of the particular type of
signal bearing media actually used to carry out the distributiocn.

Examples of computer readable media include recordable-type media, such as
a fleppy 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 transmissicn forms, such as,
for examplie, radio fregquency and light wave transmissions. The computer
readable media may take the form of coded formats that are decoded for

actuai use in a particular data processing system.



plane NIDs. 40 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 1.1

determination as to whether to reprogiam the WID split (step 910). This

determination may in fact simply be automatic in response to receiving

control data from a graphics device driver indicating a new WID split. If
The S8 d&1if controkdata lgx@%\ﬁeqAd@%lhgn%égﬂ%werQépy%t@m&?eémoses
of Wi@ﬁ@lgtbgﬁwgrea Golar-anel ueriay.Dits iz pdated (31en, 920). g 08y, o
15 Red one for exwﬁ ysettlng one or more reglsters in t‘he )

programmaeble T Color seléction dévice idsntifytiag th&inb spiic°s =ne
VY THErSEHEr for B £ EBATOI data {3 répragrathctHe WD 'split Has Het a0--  The
emb%@éﬁ?écéﬁedhﬂ@éw@ratm te A thie: next W I Dfrors the WA B buffer
prifstep <930). Tiwe bitscof the WiD=are then splitinraceordance avith-the=WWiD «
othspiitcthat-isi ewrrently in effect(step-940) andkthe cofresponding its, are.,
varSN 1Q4be:colorand.oveday \WAT fables (step 950). Thereafter, a, ;.

anJeCtg[Lryn ation.is made as to whether an end condition has occurred (step

15 960), such as shutdown of the computing device, for example. If so,

the operation terminates. Otherwise, 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 20 capabilities of a

graphics adapter is obtained by providing a dynamically programmable

graphics adapter. More specifically, with the present invention, the

number of bits used for color and overlay WAT table indexing is

dynamically changeable to obtain varying color and overlay capabilities.

Furthermore, this indexing into the WAT tables may be 25 dynamically

changeable based on the particular application environment that is

currently active. It is important to note that while the present invention has

been described in the context of a fully functioning data processing

system, those of ordinary ski_| in the art will appreciate that the

processes of
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30 the present invention are capable of being distributed in the form of a
computer readable medium of instructions and a variety of forms and that
the present invention applies equally regardless of the particular type of
signal bearing media actually used to cagry. out the distribution. Examples
of computer readable media include recordable-type media, such as 35 a
floppy digka@hardetiskdrive, 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 asj_for examape:fadio,Feauener ARe gt MAYEIIANSIISSIQNSy Eb&ce of

computer. readable media may take the form of coded formats that are
FeRUBBY R A KEu FANIRESIRG particular data processing system. 12 The
descriptiogffhepresent invention has been presented for purposes of
illustration and description, and is not intended to be exhaustive or limited

to the iIfVBRESHIERE fBTRTIENS AlGd e VAR Splvaisieateiss truidernatongled to
wWill, o apparepttethose of ordinary skill in the art. The 5 embodiment

was chosen and de§cribed in order to best explain the principles of the
inventich°tHy pradarapbiedable o enalie tothe rregrordingrp skifidow

inheuastonRdrssiand the daventigosfor various embodiments with
various modifications as are suited to the particular use contemplated.

-13- WHREt¥ElainTeadematiipais sabtauis érgenetatitg thapephivaiisisiay

QRRIOISRIR Y 16810t AL QAMP UG ARViL comprising: 5 a window 1D
buffer; a programmable window attribute table color size selection device

coupled t52¢Re MAHER D PIafer; thecorbermitisw attribute tibkadéviseoverlay

GoMRled £ﬁ1§%ﬁt9&@91@}@62ﬂ9}%m99&\{1}§}%Q}Jfﬁetggg‘eg@l%g%g %? ction
device; 10 an overlay window attribute table device coupled to'the
prog raﬁ%%ﬁ@amﬂm@t&wéfémdrpspfénsfal@&tﬂmmé&ﬂq&pgrammable

window attribute table color size selection device is dynamically programmable
based on control data received from a software graphics device driver to thereby

change a window ID split from a first window ID split to a second window ID split.

2. The apparatus according to claim 1 further, 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 said window ID from said window IID buffér;

means for splitting the window ID into 2 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

means for generating the graphical dispiay using al 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 st of bits.

3. The apparatus of claim 2, wherein the number of bits of a window 1D
for indexing into a window attribute table is a number of bits of a window ID for

indexing into said color window atfribute table,
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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 15 window attribute table.color size selection device is
dynamically programmable based on control data received from a
software graphics device driver to thereby change a window ID split from
a first window 1D split to a second window ID split. 2. The apparatus

accordifrg to clAIRPRIRIRECLORPYRiITR D O IBS ARSI e TSGR EB AT
%@éﬁﬂf&ﬁ%%fb‘ﬂ%@ Qf RifS(QfR WiRJM QM HipLeXing Nt AWINAMN L tribute

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

secondrsetQfrhits AaGerGING.1Q e pumber s%ﬁ@@é}&@?ﬁ@@ﬁ%ﬂ%@&ble;

window attribute table set 25 based on the control signal; and means for
generatifgithé&grsphivaltrsisegrdstiabisast sheé empipobtaded aftohis
legagt.-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.

30 3. THEHPPaF 0GBt oHerEinhmeNomvBaoN st Wind drsed on

el inAexing MR window,aLtHRHES able is-aaumberefits aha. window

ID for indexing into said color window attribute table. -14- 4. The

apparaftis?f ERIAPRINUMEPEIPCETE AEENS e quisdrting e grapbicarable
SRy alPYRLIGASL NS UM APIAINRE Iam, %é%ﬁ%ﬁ@%‘ﬂ&&’&"&mbgm table.

attribute table includes: 5 means for sending the first set of bits to sal
color window attribute table; means for sending the second set of bits to

said overlay windaw atiibute dables mgans,for,ppiaining a first entry in the

color window attribute table based on the first set of bits being an index

into thelBB1BF VN6 ARt bate ispisaaheacler hidkers forobiainipestyisactita from
%@Wa%ﬁb@ gg%ﬁya%ndow attribute table based on the second set of bits
being an index into the overlay window attribute table. 5. The apparatus

of clainfeafirfReseessHsing: mepinedolifebsihngdatmthortisdivoter color
%fifl%ﬁ Ha‘%?ﬁ%ﬂ?&{%%\ﬂ@? Qﬁ‘i@’r‘jrﬁ@ first entry and the second entry.

6. The apparatus of claim 5, 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.

7. The apparatus of claim 2, wherein the control data is received from a
graphics device driver in response to a request from an application to set a window

atfribute table color size.

8. The apparatus of claim 7, wherein the request is generated by the

appiicafion upon opening a window of the application,

9. The apparatus of claim 7, wherein the graphics device driver is an

XServer device driver.



15 said overlay buffer; and means for generating the graphical display
based on the data from the color buffer, data from the overlay buffer, the
first entry and the second entry. 6. The apparatus of claim 5, wherein the
graphical display is generated 20 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. 7. The apparatus of claim 2,
wherein the control data is received from a graphics device driver in
respons® to a YRy ABRIFHBIN A 5 lappiediERdocSBI iWibow 25 attribute

table caleksiz8r 8y TaiaRRAAKIS Gk ¢alNohe WABERIN S HBAHE SISt of the

generated by the application upon opening a window of the application.
B00GOTHE dp Parkhgiest QiairAn ahvAreih dreagssHic scasvRe BRvEITRsa 0 an
ARBIRTIAGUICR EiveE skt b oliNG BPRARINS Oh GIRIR A YS! & craphics
comprising: means for dynamically setting at least one register identifying
édélﬁﬁ?rof the window ID bits, wherein the control data is dynamically
received in response to an 5 application requesting a set of graphical
parameters to be supported by a graphics adapter.



