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AND APPARATUS FOR STRETCH BLI TTI NG USI NG A 3D PI PELINE FI ELD OF THE

| NVENTI ONWR&Y#37Ent i on rel ates to graphics display by el edtTBRPIUYHRYI ces.
Nbr e particularly, the invention relates to stretch blitting operations of

graphics tha spl Per sonal
conput ers ham@M%P%%ﬁﬁﬁﬁgﬁgim%&é r over two
decades. Ganmes for education and enbabl nt, already have strong
applications for the PC and axe enhanced by the i ntroduction of 3D

gr aphi cs.FIRe® OF THEIMVENIPEN fic textured 3D graphics will provide
accurate sinulations of real world |ocations, viewable with full viewpoint
freedom The k”.%lye inyenitigh 1¢lries toygrephicstdisplagbyglequiiris deeiceso Maxee a syst em

architectu cess chene t su orts the renderi of
clutter ecP Eﬁgé'lm‘? By‘fqﬁ‘i’loé‘ '8 ess@r'étfeaiF %HV@'E OB‘?raHBPw'éB{ gr2g i“@lnlﬁagt up the
nunber of, RiK&l Lel&GF5HS BEvicdd)€ associ ated processing | oads nust not
reduce syasrt g?r%u;a)ggte reate be owv\Maﬁ-at we consider real-time (30 Hz). Sone
proposed solutions off |oad processing onto the application's shoul ders and
t hus haveBACEUHROUMNBdering sinple scenes in real-time. Better accelerators

w || accel erate those hardware functions that are processor-int GSEI ve,
| eaving the prigF&RaconpRterHhayy wesking fheir %mt@é‘ﬁéYéPPiﬁ OtRist om

acce! eratiQlobRLAYALE dihés GRRLL FBAABEHLER L EESERIA, LHOGL RaSe TUCH

faster, leaving vvareap T on Ics 3D
render i Nosres f;eph@uho%@ fot f@d PO@nduseendastcdihy trcéaamrdama@ﬁ of3D

mul tiplicationh and addition circuits. Video conferencing and ot her video

i mge nargrephicsi Baal-imel photespeeifc textuned a@gcaplpxcs @i prevideabtwateeat ure to
be used in _a,vi.deo con ence is.th to scale,a video inmage to
vari ous sﬁ‘?‘é’éatb‘?n%‘?ftlie(??fvroé iﬂcgté?rbsn vi %lFéYlth h’ﬁb@’sewmﬁ‘ tfeeflomyi di ng [ ess
detail, requirgydg t& AR iroN-HARMBW gt 1and I duced by a
recipi ent conmput er§y$nore qu?%gﬁgr Gener al | J?Ja ca?rg?gabgasgg&gm azs7i 1 2
JUN ?003 RchiteiS00d @ﬂd&iemot-y agpesesciteenathat deppcbnmgae feadierigg af clakteradn si ze
defined by the ra's inma nsor. ,The i mage can then be scaled to a
smal | er O%ep%ﬁ@&erq thege agi,seg'eg@giayqu %(Fp&hché%gv m%ther@urvb%m ras that
SD10Y O lehflry el B4 Nh s 5GBS B8RSy TR A6 Focilsfllepul DUt ar o

designed to p uce each out put pi‘xel 1n SI n cyc e source pixel
cl ock. | nupditerrawdselsyw @hahw@fcoh.‘slelet'aqéﬁ tirhe @UTHJZI Iuohaaf);falfd;iots@f solutibnbe
applied in the sanme clock cycle. Consequently, a significant nunber of

mul tipli c%fﬁl@?d BﬁQFeéﬁﬂthftSﬂt}éﬁ ﬂaeﬂpctaéloa\r%s fﬁéddt Uph@&@?@“@sch separ at e

filter ta i ara nber ion

ci roul ts enepeRBebnpie podips B el YR elss by aRte s SRR B <o

i ncrease. hffd%i}@rmnw&ﬁ@t}{ahQr@ﬁ@cb%rﬁﬂ%%uﬁab | (Rl roBaE Skrédf RN
integrated circuit (1C, the increased nunber of I ti'plication and

addi tion lmughdawelsﬁmcansk dbamraly, a:nstmnraeeéedndnémasdmr@tASIﬁe siliqoing rent i ng
IC. The net result is a nore ex |ve scal i ng engi ne.  As, conputer systens

i ncl ude F¥CBISSLPAGTIRS fwRFHONS V é‘?ﬁt? VHIE BYPEE SrRe farihe spAIWESr e assi st

for spee al LOf area as well
as gat es.dEl eérégi glr ﬁgg}%?sdmgéag%%ﬁ gg%‘g’sgﬁﬁﬁjh% r‘d[)lggr% of gates for an
i magi ng ssighiftahhalitttier®f e $hdatﬁtemsndraaaxtﬁcﬁﬂdecru1fsg and video scaling

woul d be reduced. SUWARY OF THE | NVENTTON A net hod and apparatus for image

scaling is proVidrsicordeBDcpigowid aidher ohgeq imege manm‘nhmh ist alsseqormiougt tool | er
to enable,a re ng de.. The 3D eI| i ncl ndower, to produce
addr essesthﬁo"; Sﬁ'l%" é@ﬁ%}fébkﬁgﬁfﬁféﬁ?%geﬂiﬁ e i ePeAOP}'gF%F 1§ Her pol at es
et ween IBURRPRS Lt ROSALSny BB Al o) BAkiBsabe. SRARER

images, while providing less detail, requ:re less communication bandwidth and

can be reproduced by a recipient computer more quickly. Generally, a camera
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1 2 JUN 2003 wo 00i a2s~r ~cTns00i 00 ~sa output data and wites the ol pli 2003
data to ae8¥4#dti on surface. BRI EF DESCRI PTI ON OF THE DRARGINESS0/TI7é4
present invention is illustrated by way of exanple, and not by way of
limtation, in the figures of the acconpanyi ng drawi ngs and in which |ike
ref er ence vilhgemdratd @i teot ithfgehdving @ ne0®imusn gind definvdibghhe Chgies 1 is a

bl ock diagram of a conputer systemin which the present invention may be

i mpl enent ethage sgaser.2Theimage cukthendgrsaatedfto esemadlebodiargat imag@bpiapel i ne
for mani pul ating video imges. Figure 3 is a flowhart of one enbodi nent of
the pr oce§§g]&lf‘g\gi‘PHé63quﬁ'age stretching. Figure 4 illustrates a destination
data for a sixt Dy <k tang i i | : edge test
per formed by th%ﬁ\g\flﬁggé\%@ %/aglﬁélg% ren rlloggcﬂgﬁag f?@gh&#%%%#ﬁg%{éﬁﬁg Fi gure
5B il | ust pabesdé hecsldgoutpst afeatds do pyodlie eschdawsit pieel a1 siegtter i ng and
for stretch blitting. DETAILED DESCRI PTI ON A net hod and apparatus for
stretch blayels agthefsogregmixekclark-hlrpothex worés, eagpphigiedaps aka nsuldietapri bed. 1n
the foll ow descriptipn,.far purpgses of explanation, nunerous specific
detail's ardrdnipops Repiechuttie BOGIRH 08le ¢ HoREHEA L RREB AR ng of t he

i nventi on.ndhbBk bl ﬂﬁti?ﬁmfcﬁ{‘énd RQURNBIcirchfts 9{&%‘&5&5@9 ﬁchésQ%aa‘It that the
i nvention can be practtced w thout these specific details. In other

i nst ances septratetfiltertapirdpdmilet.eAs dhensinbenof mubtiplida tidhagdead diciom i n or der

to avoid obscuring the invention. Reference in the specification to "one

enbodi nentCIrCEy tiBREreage HitRE REOPAEA4IOS detait 2nd paver eensampiden alse ineteasket ur e,
or character skl i | : pth t embodi 1.5.:} ncl uded
in at | eagﬁ‘f IJ(t)}?léell' gvnlg%g?%%%%ﬁ%&%?gﬁgggnﬁ]%l\ébeﬁheg %paﬁ\g%? rggegf %4' 8’Pt1e phrase

"in one eniOyithemicrebdeduimnBesof multiflicdtiBd aABQ3diGdrOEradbrRaftddes00kA0 ~sa
pl aces in the specification are not necessarily all referring to the sane

enmbodi nentincleased dierpiae of thynplemeandingiloe IThd¢awt besnilt is Braerai¢xpemsivenal
renderi ng anlg?vi dep, a systemthat reuses gates for the hardware assist for
both 3D r EAMPEAYEHHD stretch blitting is inplemented. The cal cul ati ons

used for stret Cﬂs?bmg%£%§3&ﬂ%ir%é %mh%vid%gﬁxﬁ{é{]g a 3D

pi peline used for r ri ree di nensi ona nmages nay wth

modi fi cat isgetern$,ahd prasdwbee au3ibt dovsyeeding, up tdltwationdizigeoiring expémsiee
format, and change the col or space _for video i ing. The imge mani pul ator
is inpl enéﬂtt%’anﬁﬁ??ﬁ%a Wﬁﬁﬁélgﬁﬁ‘é- doereiorentt W@aéngﬂae@%ﬁg?@%hgﬁﬁe, as will

be descri kS 1.S: : ! : I g used
for the marTresol Batefo S RpaRsTAaL PR Bk rlcHiRE) Sndifhs
conpar ed tamdsefritoadcalisg wmlldtednged. hese functions) is significantly
reduced. Using a 3D pipeline to performstretch blitting results in

i nproved
SUMMARY OF THE INVENTION

A method and apparatus for image scaling is provided. A 3D pipeline
comprises a command stream controller to enable a rectangle mode. The 3D
pipeline including a windower to produce addresses for the rectangle defined by
the vertices. A filter interpolates between neighboring points, based on relative

location, to generate attributes for each pixel. A color calculator aligns



performance, and saving the gates that woul d be needed for an isolat &4 JUN 1003
stret:ch blwpoenziThe. The stretch blit engine is al so i nprowedyobeisi ng
advant age of the functionalities of the 3D pipeline by having better

scaling and filtering. Furthernore, the highly pipelined format of a 3D

pi pel i ne ightpsedaRoiaINREEOHE JuthQt dRGIBaSEsBRETiBR IBRE& Of the stretch
blitter. A nunber of changes froma standard 3D pipeline are inplenented.
The setup engine and wi ndower are nodified to permt the 3D pipeline to
handl e rectangles in addition to triangles. Furthernore, the mapping

addr ess gener attBHEFDESERITEPN OB d ik PRAJIMNGSSi ng in 4:2:2 and 4:2:0 data.
Addi tional ly, e cache . s difi 0, rmt addressin f ese types of
datn. ALL of tHoEPTRgnleRRen i kR T hy B CHEREIS Therol BT BLob 1 1o
a bl ock dllﬁﬂft%&fm%eﬁ@%ﬁéftﬁx%kedﬂqhéhymgq@am%mﬁ%hldﬂw%' on nay be
i npl enented. The system may i nclude ohe ‘or “nore processors 110. The

pr ocessor gefeténceayuierasgferetb simikarietesterdtsand 15 whikle host bus 115 nmay be

coupled to a h%st bridge 12g, .to couple the graphics card or graphics
subsyst em 130 t8¥He! Prakiosk Gigremnol saComRpiey SYSETHRWRIchdhgeTesent 1 2 3 U

N 2003 wo :Q0i.a- P -lr;gﬁgn%gz coupled to the host bridge 120. The host
bri dge 12&%@1 u?r%t ((j;rlg coup %dd" to a system bus 150, such as a PCl bus

150. The PCT blRigllfé)QIﬂfwblbek@@ag}bﬁdoﬁ&\eaerﬁﬁebdi&ﬁkﬂt%[g?imﬁte]f@p- Ports as
wel | as an extension | SA bus may be coupled to the PCl-to-|SA bridge 160.
The gr aphimsnipadating uidge im@@ebncl udes a 3D engine 140 for rendering three

di nensi onal i es. 11 be described bel ow,.the 3D engi ng 140 nmay
further be usrerggg'dlfe ﬁsr%@%wcg?’ift ioﬁ‘ﬁ.e"%é’tdi”?i‘ﬁgt ‘?%%ﬁtpraﬂifs@gf' HAGeces may
be coupl e@tﬂe@cﬁiﬁg graphics card 130, such as video input, a display, a

tel evision, etc. The graphics card 130 further may include |ocal nenory
147, for speedifigurg4 gheplitesa degsirmtionninta farra dipterniby;twdlee cemangle. uni t

140, 145 may i ncl.ude cal cache nepory, as,w |l be descrjbed bel gw. The
graphi cs card 1384fa 5@11565%5?@&%&0%%% %?ﬁ”’ﬁtdi%g‘el‘%‘c{ﬂ"éeréobég 135, or a
simlar c : ] { is a block diagramof a 3D pipeline. The
3D engi neq%g%gﬁﬂ egpgh%t@%i?gn i peline 215. This 3D engi ne may be used
for three-di nefigara$B flRntetés e edigeitsst peeformed Hyhde avindowee GBI pel i ne
may al so be used for stretch blitting, as will be described below. In one
embodi nentrpnderipg @ndypr streish blidéogi ng i s perforned in response to a
particul ar conmand referred to herein as the GFXPRIMTIVE with the
rectangle primtive type specified (hereinafter referred to as GFXrectangl e
comand) ; howeBETAL PEDESOREMTIONNMeSs and forma is can al so be used.
Command stream controller 220 is coupled to receive commands from an

ext ernal sour ceéh methodadpipparatusifergseich bhitting bligfaphics Goitvatextare eam
control |l er_220. parses and decode h omrands to perform appropriate
control | { REPPBREEIRe FHiECORRn i Edallone & Qoo RSk BIPB & command,
command_ st @R nahltbu? e RS aeRiIE B dcPlorth 8781 fer a0 Préfplda ot O setup

engi ne 225. "Command stream contr ol al so contro nmenory managenent,
st at e var ithbteugtanaderseniding wb tidd invesiiomalt voildsenapparent, Abevénio one

non- GFXr ect angl e conmands. I n one enbodi nent, when command stream

cont r ol | erskpliesl ingtbejarb thay i rveatigngre be piagired witbowtdihessspesifir nation i s

st usoo1 0 1R ShEt BRAnateutenl e Ars el BV BRRBaerRPb v des

setup engifBemadrdkf b ddWHREErihE e invewesn.ri ght, and lower left vertices
of the rectangle. Vertices are used by the setup engine 225 to conpute

three terns of Refptenwe irthmspesificatiando §6ne habgd imentarrfagrsbaditdentéspect
to X, with respect to Y, .and an injtial point. In_addjtiqgn,, when texture
mappi ng isms@.iﬁquﬂabérﬁaaw%a{ el G SEHGHFe 03 sBatRSI I ASS A5l ng box that

cont ai ns. gLt aNG & lefNSH Airl R 1Y SLhI RS oThE-DShY B30I AEn PAAEeCe! ves
an upper l|€ vertex, ower right vertex, and | ower ST VErtex ot °t he
desti nat i GAvERGEA. PHe hppBAraReLONNR Phrade @R BhE @Mbolineht 220aridis set up
engi ne 225 al so receives a second sét of coordinates at each vertex,
defining the originating size. The setup engine 225 conputes the ratio of
the two sets of coordinates, to determ ne the factor of stretching, either
expansion or reduction in size. The desginati on coordi nates are w ndow
relative, while the coordinates for the source are relative to the upper

| eft corner of the source image, i.e. the upper left coordinates are al ways
0,0. Note that the setup engine equation is a subset of the cal cul ations
done for a triangle for 3D rendering. Therefore, no additional hardware is
needed. The setup engi ne 225 further generates an edge, defining the
boundi ng box of the rectangle primtive. Setup engine 225 provides the

PN N ~ NN




1 2 JAN 2003 wo ooiaas ~ i rcT~rsoo~oo~s~ For stretch blitting, anot hérUN 2003
aspect of WRMARFYdower 230 is used. The wi ndower 230 can nen@EvusidB@Eisay an
area that is outside the bounding box 590 that was passed to the w ndower
230 by the setup engine 225. Therefore, the edge test is forced to be

al ways po bldc¥in tHes ﬁ&efdnrur@%oth@ceaga@ﬂyaﬁrbﬁéenﬁglltd) tid &an®f the boundary
box 590. ndovver 23 terates the pixels Wthin the bounding box to
generate remdboalrmdlewtlte addresses for data witten by the G-Xrectangle

whi Ch i | ows. wi FBEIMeT BB EPORRLEC e ALt Facs Qﬁar?éq?@a SRRV AR
SLopping. al, . ElLanale AYAdal Y JNEYord £AG. AR ELLE, BRI A95634 85, Pa5Sed

to the mapp Fess generat p| X r ead
and wite @Q&'%ﬁ%&?ﬁbhﬂuﬁgci@ﬁﬁ?l&ﬁ&ﬁteﬂoTﬁe%@ﬁh%tx@%g‘i&%é’d fd}o;tré&}pwﬁtt Figure
2. Wndower 230 also provides destination terns for the al pha bl ending step
to the col and 68 oariderorg 28%imilae Therdforera 23 @ipdirel usedtfbe rateltringathiren
information fromthe frame buffer. The wi ndower 230 takes advantage of the
deep pi pel FHPRGSIGDE) IMpges TAY ﬁéls%‘%‘lf 819 gcat\mentq%sva lapdeionwsso

recel ves tgc%lé’%@' Elgal?é@(th%rb%r?é%“‘ i, JchPﬁ}}]a%'gg tﬁ@Eé& g?%e%r o Lhe

wi ndower 230 Starté atin resses &se’ addresses are
fetched frﬁﬂhg&?)%eﬁﬁ 2%d shahdisulator & mﬁpl\éﬁieﬁtddmghbal}p? ¢lind Refr@ftbee, as
t he wi ndower gener ates addresses, requests for the data are pi pel i ned,
and the cotaxtere E@@tpllle&ebglf@a%w#léhﬁéS&Cribgd;bﬁhb'edThﬁ igafvEOagTPREs, request s

f d dd h
addr ogs | s CREHEPIBALTTIIC SENE eary IRATOREyo b 5! s Bapi T Pi 2t i xol
data r equeg%ﬁglt eq@ P&hi a{mlﬂgen,tceﬁiﬁfré@% séﬁari@@%lkﬁkﬁ%ﬁ these€! I m nat ed

for subsequent pix dat a pi'xel can be pro ed at €very cl ock,
sust ai ni ngfmﬂmtmrghMgn]ﬁcpetlymedlgceds expensive in terns of area, and

The: mappi ng Ad0TNES SOISPHTORE s 6egeND HE W DB i BIuBuOrEA f ot
specific p?ﬁﬁb {eha‘%& ELiHE g‘@?ﬁes {Hat Wb@xl&%@?x@éﬁ’@d"?orta*h‘%sgﬂﬁéﬁ %19? F‘ﬂdr €ss

gener at or ‘ates’ t he nation area according to oW ng

equation: blit mgm~aﬁ83‘stre‘tc}2bﬂwhg2ﬁ@& dPelinusroved bystaking advantsge-ofthe CYX ~
y + Cos . +. +Corw This equation is known to those

fam | iar mfwaﬂ’é}?é@rflt%3DByP€ﬂ§“ﬂ@’ gﬁ‘énﬁi’ﬁﬁé’ésqahngﬁ@dtfdtﬁf@gael ow, conpl ex

texture mappin uat i, ons se for stretch blit

cal cul ati oﬁgrﬂ}%ﬁ@?’eﬁ thgr}] gﬁﬁ'rpg %‘é{? rr tgg%gﬂfslgﬁﬁ?%P Lbs(ggh pur poses. C15
and Q05 ar gqgdghia ;ebaghg%nﬁ@xtelaye ﬁ&féﬁ%{c@%f@l@s’tﬁé‘t&gﬁﬂgf ator 240 as plane
coefficients. Descri ptionVal ue' Rate of change of S (horizontal

di mensi on in souﬁr nensbmfceiccb)mgﬂStﬂ‘om@sﬁbmarﬂ@D(pmmeede byp@mamed The

engi neCosO fset tQqQ Sco set i ne te ange .of W th
respect toS 1@835‘ q%ﬁ"% f%P%m Pé? *I*‘e\/(ﬁotl??“ldg%pect to
xconput ed %{Xctﬁﬁ%l‘é@ ut?'aauﬂ%%soqr an iest ‘?ug QHHHIee%é’bﬁa a&&@syg@?%ﬁ of
change of respect to yconputed by setup engl ~ VW\Rat e change of

1/Ww th r@p@dﬁhé@tdpefmttmd}ﬁr@ﬁxf mtd:2:D ahd/A¥@tata0 A.dd)i%hellpfthehadgne of
1/Ww th respect to yset to 0,0P ~)Ofset to aconputed bétesetup engi ne, but
normal |y olpmodified sepermitaddressing ithese oenp! dagi Mol obthesnehangespre. o

This force t e above equation to a one. This results in
the sinpli Jg Ekgsedqea ﬁgggd%a(dl?elea = ~ X + CYX ~y + Cos which defines

a sinple pl ane 405 *+Cis Jbecmm%rnﬁ\ cﬁféddcﬁﬁﬁu £5@téhGh WHiRhite brdsbher

nodi fied to accept non-normalized values for vertices. Video addresses are
general | y motentormmadayzedimplement&D Tlengstémgnayoinclideatre sotsrare g 1 Z
JI'I PS 2003

processors 110. The processors 110 may be coupled to a host bus 115. The host
bus 115 may be coupled to a host bridge 120, to couple the graphics card or

graphics subsystem 130 to the processors 110. A memory 125 may also be



WO 00/ 42571 PCT/ US00/ 00784 general |y normalized. By nodifying the vafldedN 003
t hat the YEPPI/MRF7hddr ess generator 240 can operate on, thePGDUSI@#I$ne is
made useable for stretch blitting. Fetch unit 245 perforns nmenory

managenent and serialization. The fetch unit 245 services requests to

source nagsuplelitehhansebaags 10m Tlh@h@@eod}ﬁif%ﬁ(?o%a RurfRFeouptRl fed ch uni t
245 converts the read addreSses provided by mappi ig address generator 240

to cache syklemslzes1S0isack ash@@ddrsdS8eThgdiid bats 80 byayfhet cimpled to 245 ar e

sent to c e L Lft data is not found in the cache 260, the fetch
unit 245 ?@313@-333 ?ﬁésaﬁg% PEEP ras,awerﬁp%&s‘* Pes MRYdREospietihen t he

data arri he 18] . stored in the cache address is sent to filter
250. I\/appﬁeapggg(?égéx%é%%?% or 240 sends fractional pixel positioning data

and cache addr q&@@i&aEmcsraed}@m%ﬂmmﬁ:mabmtam drighh€T40200 rertddrirgf tHige-
techni ques are wel nown in the art and not discussed further herein. The

i nt er pol atomenrgionghimbgesu Setwilbbe desazibai bejpwanthie SDanginel 4bimalyfinatheal ue f or

bl endi ng. , Al pha bl endi al.l ows, the part of, the inage already in the franme
buf fer anBe tRES oF FBKNdRgy Y B oRR I A AR BubAeVIqsan e K PEQUBIEH fes ¢ he

opacity o r E t val ue, | i xed for the
stretch bﬁ%?&r@g&%ﬁ%dtﬁg ?%&s?gpggog 2‘7%)%%%@%%%@5%% G ?g;elal pha val ue
i's not figeabhithearsh®0 fgtiet invay alutkslotalbremabpy4y, fortdpeedisgest to the
mappi ng address, generator 240 is used. For another enbodinment, al pha val ues
at all theeaPhisy Ppé’é%flcﬁlﬁeFslp@l@rﬂoé%i,th%tﬁ@ffﬂéwm‘j@rb@l@?bﬁn@?@eé@f@gr ates a
snoot h bl endi ng _bet ween_the al pha val ues the verti The, al pha val ues
re passetbis PRETey o il Pe HeSr DISR Sie iR R TP T B Space
conver si oeo@qrédqlaﬁmq{osaﬁﬁag@ MO Yid PhiP1 35, aF § sirhllssohatasbr mehhg tabl e

bel ow. -9 2 JUrJ 2003 wo ooi a2sm Pcnusooi oo~sa Source --j

Dest i nat i onOpefaguenSis blocisdifgremBefst 310 @l padinduhadésahgiha 2t irglgdes-

4: 2: OMbti onEach channel . of 4.2: npensatignthe . 4: 2.0 syrface is&

At hot | BUFOERE BRSSP En Bt COTRR By SR oo fHRSEaRd: o - -

4: 2: 200 |t e ditde ZsA5a0RATTANRE arQF A1) Blp ik khifaids Be B tdAifetch

i S. processedsepa$ ately)requiring 3 passes.4:2:2 -~

4:2: 2Ari t bivetin g As2vAbe destribetideldh i Indsriz énbodidient,GhvetdHblitting4: 2: 2Each

channel ofStretch Blitthe 4:2:0 surface isprocessedseparate]y)requiring 3
passes. 4: ﬂﬁzogmgasm%}mﬂrmtrﬁmm@@ 2 PATliFYlAT egnpan rs{ﬁﬁreémof%ést 3%t ch

Bl i t Space : {0 | ! ] exturel6
opp back A0T FarurE Rt DyEuy B Feuil BER ST BAR A
16 bpp RCGBeferfRentdeid CHArdthangle koinemaid) yiowbrg, ek chvibigidmames and

texturetexture rnap bl endsconpositingand/ or nodul at esanot her map8 bpt | ndex
RGB - -~ léompprareHsebeus@l-bit i ndex for16 bpp back buffer RGBpal etti zed

t ext uremapsi16 t RGB ;~ 16 b Renderi ngl6 bpt textur bpp
back buf for - 10rommad gedin B8RRI RSTHILA Peclfe sk hds FERS Bnet
embodi menfextdhRBLoRE! foh kiR léHrﬁré&%ox”@b’a berrere Rk disheaht he supported
source surfaces and out put des.” Channel operations unit 255 perforns

col or charnetrodles 290 pantes apdrdecodesthe Ypomhamdsto\petfoammegp ppriate edrstool

per forns g&l_\or_ space, conversion from YW t{QJ RGB. For anot her enbodi prent,

t he channéneip@isatlshe commangireceiyed donotitFXEss: COIEEI e col or
space con | i . o) r the YW
channel c%%gﬁ?%r}l&BE?@,&g%ﬁéoﬁ lgﬁe[g]gl;.l gfsﬁag\gafnag?ggsﬁﬁgﬂg:ﬁ%: iggf or mat ,

i nt er pol atdorgrmdranstrdaniabHasllen?20 déetsrredlahtenidryahanagamdracsator mat
conversion may then occur in three passes. In a first pass, the Y value is
witten, iVerRblemanegenest ttwe-dimensienal oparationsrete. dornenrGEXIRFRagKass t he V
value is witten.,, This provi des an inexpensive conversion from planar to
packed forPEaNERd does not require three address streaners. These

conver si ons _may;lis, 5ol et (0N CBRLELENGEAM 20k gIgen03 i eas  ons. - For

one enbodi nent, annel "assighment from 4: one I n data
al i gnment GCEXfert&idlebriniénd,ahoketat BilbahatioR 8GenfRr therengégdheens,) the
col or cal cul ator 0 uses, anong others, the follow ng bl end equation:
color = a * source + ( 1- cx ) * Best The color cal culator 280 receives
three incom ng val ues, the source color fromthe channel operations unit
255, the destination color fromnenory,5fetched by wi ndower 230, and the
al pha value (which may be fixed) fromthe interpolator 270. The packing
|l ogic in the color calculator 280 aligns data and wites it to the
destination surface. Figure 3 is a flowhart of the process of inage
stretching. At block 310,



the rectangle prinmitive type is enabled. The rectangle prinmitive typd 2 JUN2003
pernmts t EO8MHEAYi ne to recogni ze an object described by thrasopa’st s as a
rectangle. The rectangle is an axis aligned rectangle described by three
vertices in the correct w nding order consistent with the culling order
enabl ed. Theneeribsdimedesawrhhend stieght cdrttcllrgl2e0whevieet berubaseind 22%e
triangle is parallel to the x-axis and the vertical leg of the triangle is
paral | el w™oth blee yppgi left, heerf vght langdower ledt varbiaes ofthe re¢arglpUNeZ003 wo

0o0i a?3m PcTns00i Bozga based on &%e three VE%T“ ces. F?r gane enbodi nent, if
the rectafi§f Hsﬁ‘i Hith§ EUPY IS TG 24 RSP HR BT SEACTRE R # REANG $BHERTH| it t i ng
is starte t hd - T t b command
is sent tgattehcgp%ﬁﬁgﬁglf ﬁg?ﬁb?ﬁee%c%egﬂ%tﬁggbmﬁgéﬁgﬁitég?gég%q@ﬁ?SD engi ne
that the fpolihtowi ng information will be stretch blitting, rather than three

di mensional rendering information. At block 330, the process tests whether
the 3D pi pel i nénjadditioprsfyelden Exgars@appeg3pbpingapsritrmush sty enging P i sm

for one e dinent, it i,s flushe rior to.the initialization.of the video
St et ohi ngEREghRgna tohip et T beos e Pt s Rinede) RS VERIBh tfea. 11
the 3D pi pel i nerHesseRS ehfie0d retdiPedrOGEs 16QN RNER W rfHG/r@RDandiher e
the process waits until The 3D pipeline i's flushed. The process then

cont i nues loweblaftkerdebOof thfe ddseéndfopilgetiobndrarns thé cemdarid stsdeen contneller ocess
conti nueszgi rectly to bl ock §40. At bl ock 348) rectangl e data is sent to
the set up2éHgilfié SPBP ¢nBiNRE23AISEIf5ETIV#i? 32FONd PRECT (AOFAHGESS al£Rah def i nes the
rectangl e d &nil : : 5 cQor dinat es
are conput% engeIth% he %qhgg\%\%rﬁﬁﬁé&% @g%?éa‘{jﬂgb ggrk%dgﬁ icdr?g]i }%‘%gg(?}?rea%gloddf

desti nati @Re swbfsagef cBbrdingeds, @HQetetrimeldMe tR06 HbNAt@chiAE eitiTPUt €d 1N the
mappi ng address generator (MAG . The U and V coordi nates define an image
sour ce suekpansioporpedertiFed sizteThe degtingbiva dosrdioptasade mindewcietadiveFor one

mbodi t...thi f t he pixel d ted, .F
embodi mont? M REE N o Ind BB R ety oae sTer B PR CLibok 370

the pixel syatdgeneti.é TheupPed 1t codrirh &8 advass Q,b?l\?dtkrthmhg%&\g{ each
of the pixels in the destination surface. At bl otk 380, channel assignnent

and col or esgiceequniverisiacmbsetayfsharcelcplativos dede f6a trimnglefdxadld nent  t hese
DS AT e e S s OB TSRO H°S, e
e et ohvGBReh I Ao A LNl AP ESH Sk R e ™
PCTI USO0/ @e#fs engine 225 provides the bounding box information to windower 230.
The windower 230 produces addresses for the destination surface. The

windower 230 generally produces these addresses by drawing lines through

each pair of vertices. The area over the top line 510 is labeled negative, while the

area under the top line 510 is valued positive. The area under the bottom line

520 is labeled negative, while the area over the bottom line 520 is valued

positive. The area on the inside of the edge line 530 is valued positive, while the

area on the outside of the edge line 530 is labeled negative. This is called the

edge test. The windower 230 calculates the addresses of all pixels that pass all

three edge tests. This defines the triangle 540 that is being displayed. This is

illustrated in Figures 5A and 5B.



the end of this process each of the pixels in the destination inage %uzeJUN 12003
known, andOtlg2deésti nation inmage is displayed. In the for epoi/yg§o/00784
specification, the invention has been described with reference to specific
exenpl ary enbodi nents thereof. It will, however, be evident that various

modi f i cati ons ForbteenbR&iNEYnbthefagpedttgted winddha@l30depaed] Tge from t he
broader spirit and scope of the invention as set forth in the appended

cl ai ms. Tndsyyeer 230cean maveasdspdzaanager thad is ageide dhahpyunding box 3% gar ded i n
an illust a}ive rat her than. ad@restri ti%r% sense. . JUPg(é?O 3 What is
cl ai med i3 ‘f_.aSRaéﬁ":?CETOp € WECRLET 2810V HiESE MR TGRS omal TRERIFITHE and
streten BlddelEnds 1bReq I0HRIMEk)IB0L 8% SR dhridd 1l LAMRThSRAG egOMaNd
strewn contfoller to enable a rectangle node; w ndower to produce addresses

for the refchabgheddef bordobyWirdbwee230 efdted e pitels ntigHinahabsukihpeen
nei ghbori ng points based on relative |locations, for each pixel, to generate
attri but &0 torgerechtegiere landandtesadiiessesdar datravniten by dhe @%hmtmgledat a and

prite Che R RS R TR R e O T

attri but W dwisspRet 23@t8§>@2955\4h§%tiir9iréét?rlgl@?itﬂ&r ﬂﬁ%@t&hgﬁ iafaa ratio of
coordi nates of source and destination address and generati § boundi ng box

def i ni ng trhegiebtanddry. Jaese teadoarid e riterddvesses 8e phhge B3 thiepedppingof cl ai m
1, further q(;_on\‘}e);ri sing: a mappi ng address generator to generate actual
addr esse2dYeFogeM8Mcific pixels in a pixel map. 4. The 3D pipeline of

ddr essestderebeiaci 1 , 4 ine
val ues for ver [ baagReny A0 ARt RS RN LR iy U PRANHREE A T

f et chi ng tén ¢ache n@BIrEaITRABWY iRENAGRNENWindoWecZBOshprelideg. 6. The 3D
pi peline of claiml, further conprising: a channel operations unit to

per f or m edestiaation teony &orshenmia hliend ingraiop sp theecolar. caltidad 280.pEh¢ ne of
claim®6, wherein e conversion.is.froma 4.:2:2 to.a A4:2: space. 8.
The 3D pi PO PSR he Rdindtien Ao BaTih GarciedranePulels cher i o
perform a col orhéRARGoHRPYSH RikePadvirtage bf ?ne]cm:% ﬁ’xﬁ}%ﬁr AP iRtRe! | ne of
claim8, wherein the color space conve§5| onis fro YUVg[o RG&. 10. The 3D
pi pel i ne 3P pipeima. IWhienrthéerindowpr 230 rereives thaobawptihgtbarx 4ral eetiessat e al pha

Lo e o PSP ot e i PR RBRE S BB R
o B, el 3 oD GOkl et SO ol el L
long latency. Therefore, as the windower 230 generates addresses, requests for
the data are pipelined, and the control section of each request is placed in a
FIFO. Thus, requests for data, for each address generated, is continuously sent
to memory as the address is generated. Thus, the memory latency only affects
the first pixel data requested. By pipelining, the effect of memory latency is
eliminated for subsequent pixel data, and a pixel can be produced at every clock,
sustaining throughput. Pipelining is expensive in terms of area, and reusing the
pipelining already present for the 3D engine is advantageous.
The mapping address generator 240 generates actual addresses to fetch
specific pixels in the texture map. In one embodiment the mapping address

generator 240 calculates the destination area according to the following

equation:



surface. 13. The 3D pipeline of chin ~ 12, wherein the destination surf dgkl0]
i s produce¥ Y *#dice passing an edge test for an entire bouREi/FEHOLHe3E4
defining the rectangl e passed to the wi ndower. 14. The 3D pipeline of claim
1, wherein the wi ndower using a deep pipelining to generate addresses

continuously, and sendiqg. the addregses continuously to a nmenmory as
generated, there ybe off, renory latency. 15. A nethod in a
t hree di nensi onal (3D)“si Pet tne "¢dHpm si ng: receiving a signal; receiving

two or nore coo ggeg]eru?nélgge g}l@ﬂr ea'%}%g‘%&%@i ng if the area is

rr_g%nate poi.n ;.
a triangle or alfiSEBIIGOB 1H arwi Y8 ng a 3D i mage
based on data f j i i ; ting a
strotcn biiteing) SEuiEicarbes b\heiahR elo AR S AIRBIEET | 0,
rectangl e. edatioki3eanEddvghplified fokr lisd for strstéislit @mdAtiSrisNEHeretsf dlldwirg; st at e

for the 3
coor di nat
renderi ng
pi pel i ne

D pi
eh

pt

el i ne based on the signal,

17. .The
appiRgag

met hod of claim15, wherein said signal

¢ e

is arecta

%E%&%@L@i@‘g&hn

JUrJ Z003_19. The nethod of claim15, wherein the

flushing th

ngl e conmmand. -15
lurality of coordin

the state indicating whether the
wiare tddfe wredfoy badopunpases.ot,, andrC garedialimestdodaectiynwge f or
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e 3D
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ng an _upper left 1o
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ge destination surf
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» Rabnpfnbanger 2t withfrespediitoy and ca

Fhomputpd ke betypgnging
n the destination

i nterpol a
sur face;
claim1,
the area
w ndower

ing the

iy, di spl
\her ei n

pixel values to generate pixels
Ratnof dhbegadefST witatrespectsarf ace.
he 3D pipeline is flushed prior

2

1 compae@by prhtymptngiee o
o_processing the da

aif

ecej ves

€ rect

aplurality of coordinate points

&ifdeeto 2. The 3D pi peline of clq

hcompytedbye seperighne
conprising three po

nts

defini ng
vertex of

pc ppper
a right

IReftet ofvabian gexof B Witbwespestitght verte
triangle, the windower further t

compdedby sntey engife

ri ght ver
pr ocessor

nenory.

L &, for t

Rate efcthangd ef. 1/28withraspeqpud er Syst
a 3D pipeline for three dinensi(

eentcB®pri sing: a
bnal _tendering and

b calcul ate the uppef

stretch b
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idpt4 NG,

a _sian

tOféseBd PMpel i ne conprising: a co
| - a wi ndower to receive two or

r[rrgand 16t r eam cont r ol
mor e_coordi hat e poi

er

defi ni ng
based on

it area &
he signd

ihtd of dietgr of W@ withtdspeaten is a
l ;. and

setitafgl e or a recta

hgl e

P

Ou

Offset to u

computed by setup engine,

but normally 0.0

POv

Offsetto v

computed by setup engine,

but normally 0.0

This forces the denominator in the above equation to a one. This results

in the sim

plified equation:

u(x,y)=C,S -x+C,x -y +Cys

which defines a simple plane Ax+By+C. The mapping address generator

240 is further modified to accept non-normalized values for vertices. Video

addresses are generally not normalized, while 3D rendering coordinate sets are

-8-



the 3D pipeline to generate a 3D i nage based on data for the area if tthe JUN 1003
area Is a MA%fgfd -16 1 2 JUN 2003 and the 3D pipel i ne PETEEEHR784 a
stretch-blitting operation on the data for the area if the area is a
rectangle. 24. The conputer system of claim 23, wherein the 3D pipeline
further copgeralésnoemsktad) Bngiodifitiog denpdltes that diemappiipaatiresd attribute
wth respect to X and Y and inltlal%ﬁm nt resulting in a ratio of

coor di nat BETeF2tos AR EaThARCTHES PN NHE] P%Bﬂé@ﬁsmaﬁéug%’ﬂ?éﬁf frisigtch bldting ng box
defining the r n ssed to the w ndower ut er. system of
Claim 29,  wher &k REZAOH ﬁarfr}femmpfmanéswiw serialeahohg AT ¢ co
provi de MERRINLRDAYSIR Hes r%ﬁje h H9vhitRa J REoreQ@ IR ELacRYSt €M Of
claim 23, wherein the w ndo pr o uces addr'esses or a destination
surface. 2260 othie mempung.eThs fettle nmnitf246 lcahmer2Sthenleed addrdsbes mresidetaby on

surface i s produced by force passing an edge test for the entire bound| ng
box. 28. TRePEBIgRAEESTgenepicsi24f tarshead P& hhe FREhGRAEERREES recei ves a

plurality of coar o) si.n e s de nin n_upper
Per't “ver s kORI RE: G4 pECORL Itaife o T BF Hls PRl i g
triangle, ctalaﬁe%@cla@@étcm%smrsr@ ué‘s?éﬁié'@ét@f:tdi‘ﬁn%@@{ hh@BlackglttiRXhbor the
rectangle. 29. The comput er systém of clai m 23, wheréin the w ndower using

a deep pi peichawhen thegeneeraiesaddr esses conti nuously, and sending the

addresses conti ousl to a nmenor enerated, thereby re ing an effect
of nmenory |aten t‘&r@ﬂ#ﬂtté? C%‘;‘gta@ﬂr%ﬁs IEF%ﬂtr?Pf ermd%ﬁaﬁpf% 3D

et LhSFe'asd%H?%%"e ﬁkf%ﬁok%@ R NP PosbRlg B ERAE" o v a

*_h>1 ?% s addresses for neighboring pixels to filter 250. F11term|§;echm ques are well

Sg}/g;]g(t:)!a])q ca%’;?]ég?}]é%?%;?\] %tggég&cg&%a@]ﬁgeﬁ] cRa] ca] ca] ca] ca] ca] ca] ca] ca]

N ool el thien Sl Mheanpabe oAl oAb e Al Ak ARE GRUsRHSAb R iphe ] o2l cal e
| 7" MBSUSRNEAIL Yoo blkilingt AlpKS BichaZ VAN S aleoad:e o} ol isalgeal ealigad ond cal ca ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]cajca]cal*/111112441555
6] 9996: @ Dramembmyuffer:and: thgpa:mo‘sthlecsomrmdmz tape addre altedpon]acdefines] thaV] ca

koot LSS GRS b e et AT S bR eI B B tS AP Ve ook AP e e aUl ou] cal o
V ca cat &ﬁé@kﬁ?k@%%ﬁﬁé&ﬁﬁ%@%@?ﬂé@h@ﬁ@&%ﬁ SRR cal cal ¢
a] ca] ca] cafixnl, chd sahe afjasficrbs dbsaidaboat Wiilfﬁféls @dt&@ll‘i@ﬂn@ ddddesa] ca] ca
]cal ca]ca]ca]c é}éa' SY~YYZ?ZZZ] | [%[ \2\@L\[\\\]] """ Ebbb} xsnid_Z
111 ca] ca] @ﬂr@af ]%a}%lafjeéa]l-‘@ﬁ]a@@ kefleghadiyeal Iaaa‘f%laf%aq%laqfeaq ca] ca] ca] ca]
i dud oo R o BSGTRERER T S TYRBRIAPT 2ARERRSRRIN 8 TPP{R RIS, caj ca] cal
ca] ca] ca] osdterkaahe aipral vahead oAk Gahedb C The aital vah &2die phelc] tha)] ca] ca] ca]
ca] ca! nooooWpcppp, qgqqqrr*rrsSssLtt uvvvhwm} xs} xsni d_Z] J] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajlenadahletdrédPca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cajca *_hi K- & 10% U& F10%
] ne emb(o)dnnent ot/ color space conversion and channel assignment

formats are illustrated in the table below.



(1 AR S, I L0100 R (e g s
ug! g i ?% s fD S??L;I.O%@-U&! 08910((V<2J[J&' () -9 6@ gz)%@u&' (E) - 4( ?I.E)OgA) u& () - gg_lOOSA) ’
U& ()-f/10% U& ()- :110% U& () - 6~ @&10%40%0& ()- 109%0% () -
I 10%00& [ (P, 7 QY85 () - pLli o Operation Source Surface Destination
Surfaces Surface
4:2:0 — 4:2:0 Motion Each channel of 4:2:0
Compensation | the 4:2:0 surface is
& Arithmetic | processed
Stretch Blit separately,
requiring 3 passes
4:2:0 > 4:2:2 Arithmetic 4:2:2 Each channel of
Stretch Blit the 4:2:0 surface is
processed
separately,
requiring 3 passes.
4:2:2 5 4:2:2 Arithmetic 4:2:2 4:2:2
Stretch Blit
4:2:2 5 4:2:0 Arithmetic 4:2:2 Each channel of
Stretch Blit the 4:2:0 surface is
processed
separately,
requiring 3 passes.
4:2:2 — 16 bpp RGB Arithmetic 4:2:2 with Color 16 bpp surface
Stretch Blit Space conversion
8 bpt Y — 16 bpp RGB 3D Rendering | Luminance texture | 16 bpp back buffer
with texture map modulates
compositing another map
16 bpt AT — 16 bpp RGB 3D Rendering | Alpha & Intensity | 16 bpp back buffer
with texture texture map blends
compositing | and/or modulates
another map
8 bpt Index RGB — 16 bpp | 3D Rendering | 8 bit index for 16 bpp back buffer
RGB palettized texture
maps
16 bpt RGB — 16 bpp RGB | 3D Rendering | 16 bpt texture map | 16 bpp back buffer
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U 10 U#Y=10% U& ()-dE~_@&10% & @0%0& ()-M 10%0& ()- 410908 ()- 12 JUNZ003
| 10908 () - WOPOADSHDR' ()- 10%0& () - bbCs&1093, & 10%<& () - ( Z10%& njeo/0aBO 100
100 10%08& ()-*!10%08' ()-' (10%08' ()- +Uu@EbCs&10%A0%<& () -

10%<& ()-9: 109%& ()- sS10%& ()- 10%& ()-S10%& ()- @

XdEbCs &1 0% 0% §io hnotHe¥ B ifnent, J&P(@ﬁd&s)mm%%"/sﬁ%fa@s }%%%‘n@)ated SF
109%<& () - X)>dEbCs&10WA0YKE ()- #z10U<& ( & () -
109%& () - ot Wb 1Epportied FourtE:siirfates amkebu %:&iés) 610%&' ()- 4S
10%<& ()- 9310%& () 110%<& ()- 9'S 10%& ()- n{(xY/ 10<F : 109&' () -
| 10%& () - | @LoSdharyet gpewmkions LR &%@mc&zm bagsiguagent -10<F

operations (Y, U, and V channels). It also performs color space conversion from

YUV to RGB. For another embodiment, the channel operations unit 255 may do
both channel assignment and color space conversion. For one embodiment,
three passes are used for the YUV channel conversion. First, each pixel is up-
sampled to a 4:4:4 format, interpolating U and V values for intermediate pixels.
Surface format conversion may then occur in three passes. In a first pass, the Y
value is written, in a second pass the U value is written, and in a third pass the V
value is written. This provides an inexpensive conversion from planar to packed
formats, and does not require three address streamers. These conversions may
be used for video conferencing and other applications.

For one embodiment, channel assignment from 4:2:0 to 4:2:2 is done in
data alignment registers of the color calculator 280.

For one embodiment, the color calculator 280 uses, among others, the
following blend equation:

color = * source+ (1 -0 )*dest

The color calculator 280 receives three incoming values, the source color
from the channel operations unit 255, the destination color from memory,
fetched by windower 230, and the alpha value (which may be fixed) from the
interpolator 270. The packing logic in the color calculator 280 aligns data and
writes it to the destination surface.

Figure 3 is a flowchart of the process of image stretching. At block 310,
the rectangle primitive type is enabled. The rectangle primitive type permits the
3D engine to recognize an object described by three points as a rectangle. The
rectangle is an axis aligned rectangle described by three vertices in the correct
winding order consistent with the culling order enabled. The vertices describe a
right triangle where the base of the triangle is parallel to the x-axis and the

vertical leg of the triangle is parallel to the y-axis. The fourth point is known
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| /109%& ()- L' 9'10%& ()-Y % 109 ()- y 10%& ()-F sMLO%& ()- |1  109%&"(®) JUN 2003
bC 10x| ", T0%NE2LY- 10% u& ()-3(Y10% u& ()- 10 10 10: 10%& (PCTIUSDOOESS) -9

| 7" Mb$y Yu&JIEDC 10<sM 10% u& ()- sM 10%i & ()- 10% u& () -

M 10% u& ()- @s10% u& ()- S 10% u& ()-&u&&} (()))))dYNC 10< 10-u 10-u 10- uf:
10% u&' () -bBtd boothe&htde verdicd)%Bar&rle)eribodiffent &t (He&'ctbﬂg?&;&iﬁﬁﬁve type

) <) **+ +aBYNC 10<, S10%08' () - 10%0& B; 10908 ()- @109 ()-!"
109008 () -is Rireggirenpbled whan the siveich bodtingiostegtedi tigs:step may be omitted.

000K ()0 M 1008 ()-Sh10008 (1o 1000 (1226 L10Y0R ()4 L1112440EVNC 10
rectangle command indicates to the 3D engine that the following information
will be stretch blitting, rather than three dimensional rendering information.

At block 330, the process tests whether the 3D pipeline is flushed.
Because the 3D pipeline permits parallelism, for one embodiment, it is flushed
prior to the initialization of the video stretching. For one embodiment, this step
and step 335 may be omitted. If the 3D pipeline is not flushed, the process
continues to block 335, where the process waits until the 3D pipeline is flushed.
The process then continues to block 340. If the 3D pipeline is already flushed,
the process continues directly to block 340.

At block 340, rectangle data is sent to the setup engine 225 in the 3D
pipeline 210. The rectangle data defines the rectangles of data that are operated
on.

At block 345, the XY coordinates are computed in the windower. The XY
coordinates define the image destination surface.

At block 350, the UV coordinates are computed in the mapping address
generator (MAG). The U and V coordinates define an image source surface.

At block 360, the pixel data is fetched and cached. For one embodiment,
this occurs after the pixel addresses are generated. For one embodiment, the
pixel data is cached in 4X4 blocks of data.

At block 370, the pixel values are interpolated. This generates the
attributes for each of the pixels in the destination surface.

At block 380, channel assignment and color space conversion steps are
performed. For one embodiment these steps are only performed when
fequested. For another embodiment, these steps are always performed.

At block 390, the color calculator alpha blends the data, aligns the data

and writes it to the destination surface. This produces the destination image. At
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V', 210%& ()-110%& ()-" (ml0%& ()-415556] 99dEYNC 10< Y1- 10% & ()- 11 JUNT003
M 10% & (WRMEHER ()- ~10%& ()-10%& ()- 10%& ()-996: @ BEBYEYRT3 4 mb@
10<143 (109%& ()- 10z 10z 10z: 10%& ()-610%& ()- 4S10%& ()- 310%& ()-
|:m:::<<}[9nb@ 10<! W' 10%&' ()-5!FI ! 10%& ()-:3 10%& ()- !Y @OYA5A5& ()-!ZY
@ 0UBSE: (e IHDYE} processediet thep@els in the destination image are known,

10<! 1 W' 10%&' () - 5! w' 100& ()-5wW'10%& ()-5' Du"!w' 10%& ()-5' W' 10%& () - Smr<<<<<<
_Anb@  and the destination image is displayed.
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11. The 3D pipeline of claim 10, wherein the color calculator is further for alpha blending of

the output data using the alpha values provided by the interpolator.

12. The 3D pipeline of claim 1, wherein the windower produces addresses for a destination
surface.
13. The 3D pipeline of claim 12, wherein the destination surface is produced by force passing

an edge test for an entire bounding box defining the rectangle passed to the windower.

14. The 3D pipeline of claim 1, wherein the windower using a deep pipelining to generate
addresses continuously, and sending the addresses continuously to a memory as generated,

thereby reducing an effect of memory latency.

15. A method in a three dimensional (3D) pipeline comprising:
receiving a signal;
receiving two or more coordinate points defining an area;
determining if the area is a triangle or a rectangle based on the signal; and
generating a 3D image based on data for the area if the area is a triangle; and

executing a stretch-blitting operation on the data for the area if the area is a rectangle.

16. The method of claim 15, further comprising:
setting a state for the 3D pipeline based on the signal, the state indicating whether the

coordinate points define a video image or a three-dimensional image for rendering.

17. The method of claim 15, further comprising:

flushing the 3D pipeline prior to processing the data if the area is a rectangle.

18. The method of claim 15, wherein said signal is a rectangle command.
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receiving a rectangle command;

receiving an upper left, lower right, and lower left vertex defining a right triangle;

identifying a bounding box defining a rectangle;

computing an image destination surface;

computing an image source surface;

fetching and caching pixel values;

interpolating the pixel values to generate pixels in the destination surface; and

displaying the destination surface,

21, The 3D pipeline of claim 1, wherein the 3D pipeline is flushed prior to processing the

data if the area is a rectangle.

22 The 3D pipeline of claim 1, wherein the windower receives a plurality of coordinate
points comprising three points defining an upper left vertex, a lower right vertex, and a lower left
vertex of a right triangle, the windower further to calculate the upper right vertex for the

rectangle.

23. A computer system comprising:
a processor;
memory;
a 3D pipeline for three dimensional 1endering and stretch blitting, the 3D pipeline
comprising;
a command stream controller to receive a signal,
a windower to receive two or more coordinate points defining an area and to
determine if the area is a triangle or a rectangle based on the signal; and
the 3D pipeline to generate a 3D image based on data for the area if the area is a
triangle
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25. The computer system of claim 23, wherein the 3D pipeline further comprises a fetching

unit to provide memory management, and cache handling.

26. The computer system of claim 23, wherein the windower produces addresses for a

destination surface.

27. The computer system of claim 26, wherein the destination surface is produced by force

passing an edge test for the entire bounding box.

28. The computer system of claim 26, wherein the windower receives a plurality of
coordinate points comprising three points defining an upper left vertex, a lower right vertex, and a
lower left vertex of a right triangle, the windower further to calculate the upper right vertex for

the rectangle.
29. The computer system of claim 23, wherein the windower using a deep pipelining to
generate addresses continuously, and sending the addresses continuously to a memory as

generated, thereby reducing an effect of memory latency.

30. The computer system of claim 23, wherein the 3D pipeline is flushed prior to processing

the data if the area is a rectangle.
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