; e3e~Z~\p6TZ Systens and Met hods for Providing Control
Sanpling FIELD OF THE | NVENTI ON The present invention is @w @ mm&
systens and net hods for providing texture sanpling in co

conput er graphics. Mre particularly, the present invention '&¥frected to
systens and net hods for providing controllable texture s

|
OF THE | NVENTI ON Texture mapping allows a col ored, or tei@@ﬂﬁmewmwmm
i mged onto geonetry, giving the appearance of detail on gle
meshes. Using textures is generally nore efficient than refincwg2the
carrier geonetry to represent the signal per vertex. 10 Wile rasterization

har dwar e has orted SiC texture i for ears,. it has
recently beg Lﬁ' s?&"éf%”éjr Rﬁ%h@dﬁﬁx%;ﬁr&vﬁﬁ& @8@?01%6@%/“"5&/ Pnﬂgt exture
mappi ng process is shown in Fig. 1. Gven texture map 200, having texels

202, texture mapping applies the signal of the texture map 200 to triangles
210 of a nmesh according to sone geonetric configuration of the triangle,

and/ or 15 applies.s | transformation, such as shadow ng,

| i ghting, éf 6ﬁﬁﬁé§8ﬂ@%§ﬁﬂ§ 202 to pixels 222. Texture mapping is a
probl em t hat |an|cates t he Nyquij, st heor% to . the ent gga5|ng_is to be
avoi ded, whi ch skhgieesertimyentigh %‘?c,dé‘GFtS i yyster Ppdtetho iqoamﬂv NHEFRfOrm t he

anal og si g%hlgghggll éaénl@@cuﬁﬁcmdh%en@ateag £i8s. %Je%ﬁtcurawy%e lp;eﬁernlnglaﬁé&n

frequency to le to represent "the sig inthé digital domain with
a hi ghd | eveb doéctatiosysteys ad methads fpnpmm@irtggoobvﬂwmtﬁmretsamphng]ues are then
utilized to reconstruct the original analog signal accurately. If an
insufficient sanpling rate is used, the result is aliasing, which is

incorrectly._s l.ed high-fr n information that appears as | ower
frequency n%AgngRggaﬂ%BFr{BﬁﬁﬁXﬁ%&?@e in connection with texture mapping
as well. The process of texture mapping sanples texture nmaps to screen

pi xel s, and to tIfEEKMapRIngadasyyn wlotehOr fafiret: sighalpedaeeckHbueeive been

sanpl ed at %}}nﬁgfﬂe'a‘ﬁggdqﬁrllc O?H&Eﬁl SRBRdNEark ﬁle&fés Wﬁ%&st@&n@aﬂveﬁ of

frequency i hi's regard, typically, screen ob
more efficient than reﬁmng the carrier geometry to represent the signal per vel“tex

10 While rasterization hardware has supported basic texture mapping for many years, it has
recently begun to offer more powerful features.

An overview of the texture mapping process is shown in Fig. 1. Given texture
map 200, having texels 202, texture mapping applies the signal of the texture map 200 to
triangles 210 of a mesh according to some geometric configuration of the triangle, and/or

15 applies some additional transformation, such as shadowing, lighting, etc. which maps
texels 202 to pixels 222.

Texture mapping is a problem that implicates the Nyquist theory, to the extent
aliasing is to be avoided, which states that to accurately reproduce an analog waveform,
the analog signal should be sampled at a rate at least twice its highest frequency to be

20 able to represent the signal in the digital domain with a high level of accuracy. Digital-
to-analog conversion techniques are then utilized to reconstruct the original analog signal
accurately. If an insufficient sampling rate is used, the result is aliasing, which is

incorrectly sampled high-frequency information that appears as lower frequency noise.



5 represented by a certain nunber of picture elenents (pixels) use texture
maps wth a different nunber of texture elenents (texels). Wen texture
maps have nore texels than the pixel space, a single pixel nay map to nore
t han one texel and when texture maps have fewer texels than the pixel
space, multiple pixels may map to a single texel. 1~ hen there is no exact
mappi ng beriveen texture space and picture space, display quality issues |
O can arise. In effect, the texture map nay either not be able to
effectively map propgplidgmdes dedenlcohtectibe wittseamatBhpii 8! wal e (Pbcess of
conversely, a smaller pixel area may not be able to use all the texture
detai | from aexarQuepping hunplesiexiwemaaplo ssprsaipiielahnd/to the extaet passiblantisr e a

the sae toxcr M maRRn PATRARET R hfcPa Eytheen B Ru ST ERAPREL "

ef fect when Vdnempgsstthemlon&geffrhquettbeuﬁtmloaaaetms feghnd| tyipJafly ! RYehSbiap t o
the sanme pixel, it is often up for gfrabs whi ch exact texel, fromthe croup
of texel s5t haePissItes wap certrinngnberP! pistule elgmants (Hetel Meticatrre PBRS HHE 2
texture map %ﬁ#
process and ?Qﬁéﬁggﬁkﬁgﬁfgﬁé?@ggi Sﬁéﬁﬁhz§p?§§m8@“@é‘8%5?%2?%§Q§%
pi xel - poppi nghe pdtehspate, windie pixel mey ynapod hoeathhe onhenel dnd veleamaeeturomerss
Mor eover, even |f a subst‘%ntl ally simlar OL"' sa nunber of pixels a\\,{]]g

gip t & or

texel s exist TASF SUPIEHRS PRR RERISAERAS: TH S By SORReOH ARRIF HPTht't BT
function, ap L

Al gor 1 £ him mue e e P B e e ot e R R D P S P g P s
respect tio thentexel data. 25 For purposes of illustrating problens) that
may arise, the case nunber of texels er than the nunber .of

pi xel s may be conilfl&gﬁ@dtha?ste’ftlﬂelIB@%maMEWO?We? ¢ Ip JERGHVeY 5D I8RFdMasge
surface in a defieg1H arartgsraeaaalxeﬁ%re@)omoasawwrmare? ixel é(r‘éa%ﬁ#'do@%@ﬁ@lle to
triangles, wherein the square is 100x 00 pixels. If one applied a texture
map conpri si rige 200hdigkiurodatal freade lar&tr/blr:bre tettrdtepe@ on top of the 100x 100

i xel square area,call Stri extyre cg | d _not di scer ned
gnce apgl ied to t hSePeB ﬁlcf‘@%ﬁg‘ bcgé%ﬁggret h%’hu% mag ggecmnéa ﬁ&om%F%Po %’Fré’ %
than thepi XekeaAcddg apydd, Glenitke Winld telag 1smﬁrbpeedo a§@é@tt pixeldhahioht @upRdi at e
texture data will not Ee used in the mapp essentially be
i gnored. As &heckiness gSTeqt exhsaiviving thﬁrveae dogre ctthe crs:)rsq rfbamlrtmle tekelpaiapgathang
ma game, forg a
Feauls o 1 he T tara s AR IOER R E RN Gl K BRRPIRL AN SRSk M o T
bi | I board pi »xedpsto aTgnen pISela‘.‘v@laBesciéctai’lfrbrIﬂSth fekmremttptaextxp{ﬂedsamrm piIRg. Itas e
to describe the scene's details. This is an il]Justration of one type of

artifact thatthesan 3 exiffmsdepsades REcess,ARd sapFesult i friidcts “é’é?h‘”rfes‘ﬁ’r‘t”@r rom a
poor texbyre SANRlihOMESixNEbdppin) 8618 ARMILUEL Bl RPPEARENES: iR MinkidTi ze the
rendering artifacts caused by an 10 insufficienf texture-sanpling rate,

most |y in thendesnMofeofvel, teen ifg sahrﬁdamleﬂssalrmplar ngsarfchirbe of pbteEramleems

used in the sinple texturl me like ornt sanp ling are.Magnificatjon
and M i 1 cattBR Or PR P e B a1 Bani B RET GG of BIEMy 0BT
the probl ens glapi et 8¢ pabayeendehiag hRitic ekt %ahlg@ﬁrMmugtsstm&e@xdem Hepetease
where nmultiple texels can map to a 15 single pixel, and it selects the best
fit texel froeldaiaghewd cgmefipnt axiéirespepidp theoare datgp to t he pixel . The
magni fication techyj n tp_a si

t exel , 25 it rraplsm)aggfpr?é é)ftﬁg‘%t%g{ﬂ :‘%’?‘81 @aﬁqg%%%ﬁercg&g\?letgrzra’hli/nbrrargbﬁods

varying in speets gestefithah ilienunttier appixylsmgayt lexdonsidsred ial €114k sn@ sp@hdthere a
sanpling, bili near filtering, . trilinear M P-napping, anisotropic fi Iter| ng
and anti al i asA¥Y® blporresurigse inatdiree- @W“ﬁ‘@“’%‘@‘ﬂ:ﬁ SEERPPPSisiNg tyosarilaieel i s

oi nt sanpli he
rpender er rrtPet gﬁanséf% S{HS@?@F% lef)[(}t9 3{ gﬁil ?@B{rig%olrf oﬁé %@&etd&%gﬁgge}n}%?p C‘?/'}{E%“%
texture map tMathohasnt@lured whd bersttipeabe sort dfgthe ﬂt@(ptmé@rmnqttaﬁe dree, abli 208!

coordi nates (the pixel center and applies it t . This ap roach
i's il1us8?at SHIASH OFfhy texiare Gy %qtheerégmer?emppﬁsi i at%@caaﬁs;s fig
from pi xel space to 25 texel space is |ocated at position Pl. Here, since
the closest texel is T1l, Tl is selected. Though this approach requires the
| east anount of nmenory bandwidth in terns-@f- the nunber of texels that need
to be read fromtexture nenory, i.e., one per pixel, the result often
causes artifacts as discussed above, owing to insufficient sanples, i.e.,
screen pixels, to describe the texture. But even first-generation personal
conputer (PC) 3-D 30 hardware had a feature to help clean up, or at |east
hi de these sanpling problens to a certain extent, namely, by utilizing
b|||near f||ter|ng Rather than ]USt grab the nearest nelghbor on a
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color values as the final texture color value. Thus, as illustrated in Fig.
2B, a weighted average of T 1, T 2, T3 and T4 is taken, wherein the weights
are based on the distance fromthe pixel center to the four texel centers.

Exenpl ary equations for bilinear filterin oeof rdin Kill
in trrﬁe g)r/apﬂluté’étlu n‘?ﬁ’éé’%@?ﬁ!ﬁmé?f aﬁf‘é}l‘ea%’x?ll &m@‘ ’éé‘“ B%p-p“eél O‘Plﬁﬁi%{ >
(1-aa) Cb = phithredats tbx¥irtldalatdkill not bd us&Bih the mabﬁlﬁg,(anéwlmﬁsenuﬁ dy b WhEfe8.

Irp is a linear interpolation function readily understood ay's
gr aphi cs processi ngs @mﬂ $ $- II Grwppint mh‘eomdsqyat thn@nllk@rafdecfinawgatmg bl ugaroation

good deal of the text a acts see nt sa but because
e s only a TATPIE ABNFRart e MY RePERE 2 o P e TR ol ot

ef f ecti venesst@fesRomimemrantiont 8f diidgimesit WitHticadHbAR@bREE. BRRIOACRe bPan
improving texture image quality is a techni que known as M P-nmappi ng, where
t he renderer 1nﬁlf€§eﬁﬁ}?¥m§ﬁ @nﬁﬁlﬁgégeéﬁ desnebaoihie ghenals detaitsuTleis isaardillygiediion of
successive M f.the V4. QU ne Thi s
effectively 1 °b coérrflseasrtﬁr?aé cF aH? ¢ gﬂtgyfg ht% ngLég V\E%Flgacﬁs rgsuf[ flm %

coor di nat es, témre\/s)an@Mgpse/ant but there is also a third coor d| nate d,

used to neasure which M P-maps) to sel ect based on which nap resol ution
will nost closely W%ﬁeﬁﬁ\eﬁrﬁ.aﬁexoaah%éo PYNIBEZG: e paWlering atifecicepiscd et a

fight
houl o' be 105 GnpTRE AR {1 e SR AN o, MR ARRARG Bl ARG AR
successi vely tsodllieemedrds ‘“m“dhﬁ ﬁmpweﬂﬂnngpethmduﬂlde bemusmﬂplmgsare he d

coordi nate increases, S er.and s use The derivation
of the d coordf§dtt %at’togﬁggll\ﬂ}lflfén%ﬁ%{i?l'bafeé%eatﬁ&“ ﬁtr%ﬁt 1sls R BpB AR |
but in gener %e@%‘la?etrr%sd ?szté‘dﬂ)‘é%“g out how nuch texture magnification or
mnification would result froma particular MP-map sel ection based on the
pi xel area to be cHhenisificaién TigeritinPisrspd Wi tht caseevieneinubiplc ®rdsnin wip to a

1 ust ralad By Bpetd §gers BTN 1ol AoRHRRT TR S RIS I L oALRER | ng

whi ch textures 203 xelz’ﬁﬁ’é)ma%gﬁéatmﬁtt@chnl@elﬁ ideld Zeheh nifIBPle canhBagiener of
pi xels in pixel rendition 220 best. There are a few different ways

appl i cati ons stngle igxel, ardiit rgps 2 smsle texrdyo andipds pigal. éﬁled%génwemm@i dsr aphl cs

il o map | A0 T eRR el RRRS: oA PR ke O T dB G Bhict Rl B 5% O

apply bili nedtitetinktéitineg MIP-tnapshg, ann;otrhpﬁ: fiRfing amdaﬁdmelmﬁg) to appl y the
resul ti n% averaged texels to their correspondi ng pi xel s. However,  vi sual
probl ens2Qi t h bi | i HEdROPREIGEEY FhaP P!y textyses o duTfaceis pﬁ%searemwawh@ YR h

novi ng throu

gare, “one can giaR RERREY hAplSKAEHA, WhER L IRRNY RLORIBNC 2 1o
a M P-map syvigraﬂs thd&ehhghwnﬂuﬁo'rrt lyle hextre dhapfthavlhis (mpp)cmgdmﬁteethamgeu;i riegrest
ggulnggr ;r :olr Iolrﬁl‘f? %‘5@3@9@@ %??g% Pl P’Sgtgf) ’Ef%p:l? g%fg%cﬁ@tﬁ% II?P éﬁ?r‘gi?clhllﬁear
sanpl es, usi RGudHAY ih XE 2 AS WMRIES tHR3EIBvank hOMib6f thwehalh Ry TRRS plkRR§RSE td O

t he pi er where one texture map mght be a bit larger in resolution and
the ot heR5a texel spask isclocated ptasitignifdn Hetsapinedidie slogest texebis TloThés sagnesti. The

bi 1 noar- 111 Capbi" il oA 58 e B PRl By SRR it o

whose resol uUtnu@iibet 6f tekéls tHat heeditb®e péadetorkeurt @r@iory,Ng. Imé(pel\/\ﬁlk@lhthe rEsuetn
trilinear M P-mappi ng suffers sone shortcom ngs, however nostly rel ating
to level of @&eRrcpuse agtfacss %ﬁsdlffglssee;féﬁvwmrrsatﬁ m%lféepla SpiD A ies areen

associated L t the

aver age bet eﬁﬂfﬂgdgﬁgﬁiﬂgfﬁggf ?%gglﬁ% é%n §2&¥§ Iﬁ@hgﬁﬁeﬁg]?mo

di f f er enB80mafhardwdre hddx Fdatise tcghalls cleart mg,br’ bupéstﬂmte theselsamplngyhtobiegnd the
average mare toward the snG%L : esohﬁ ion nap, texture blur can result. If
the LOD bi as SF42IR§X5BH NoBEHn oY LEBZIRG EHINeH S IRIBNG t he average toward t he
l'arger M P-map, alf Agdr fithn aa%rétﬁﬂm%@flest%igﬁ%maewﬁl& %ﬁlr{e&xﬁw&?ﬂg instead

shi mrering/craw ing can resu t. LOD biasing thus alters the d value,

causi ng snal Ireads dhe foar spanplaspearasbtoghe pxelerater, adiusengweighteddverake ef fhessti| |
precontyured at devel opnent tinme. The main,problemw th these techniques is
the isotropic nature of bilinear or triliheér filtering. The

magni fication/mnification along one axis in the texture nay be
significantly different the magnification/mnification along the other
axis, which can result in aliasing along one axis and blurring in the
other. 25 There is another filtering technique called anisotropic filtering
that attenpts to address the isotropic nature of bilinear and trilinear
f||ter|ng Cne forn1of anlsotroplc fllterlng uses M P—nap sanpllng, but
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When the textured polygon is at an oblique angle to the plane of the
screen, the footprint corresponding to a screen pixel mapped onto the
texture becones el ongated, i,e., no | onger square. Mrre sophisticated

e t aget ner 9 A IsRdE B it CPBe Bt Sl Pidyian E5% et Bslfepe 1o

use for this Samkiond 1] POITH addt T4 RRgkdAPWhERTGLE tveSdhedre bRRA dnSh@dMehYe .
difficult problem Any currently known al gorithns for doing this base their

conput at i ons einyhopixelrenics fathe veurdewheentss of xandary equatiengifoet linesr S&EY 8RN
texel s alignngn a n rovige .fl.exibiil.i t enabl es devel oper to
predi ctabl y/i OQPNPS@ﬁFﬁggggﬁ% Sﬁﬁfhg%é?%@gésﬁo%%%%ﬁﬁg %?%gﬁ?“ghisotropic
sanpl i ng whi ch nuld,i=ph,y-opetpf onrei-gpl i near filtering is illustrated in Fig.
2D, for a point P 1l a, which is to be anisotropically filtered along an
angl e 6, defined by the.iat (@) {lu%)and a stepsize s between points P 1
a, P1b, P1c, (o Age%bn%p by the nmagnitude of av and Ou, in accordance
wi th some prefixe ge%) tri‘c §Spect of the triangle being rendered. An

el liptical shalpsedbanglihére istoglotation deddtion seadilg uherposd by codapy oiipHcd b and

P1 c¢c. Then, biline fil i i S . f d f h of P I b dP1
R S AT AL
correspon@i NG, GfRSerPHith PHint sz(r@)lin-@, bao belavké it id ofB 200r-tap ¥er GBkife Rsh al

d (O 17, 776, 18 amd T1 Iy, Ih Y

12, T6 and T5 an . , respectively. usi ng nore
sanpl es in t hingle teattre orapt the etfextivgness\od bilthehrafiigering ibbmstedet ched to 20 fit

th f wh it is bei pl i ed isotropic filtering.achi
Shar per | mage qual AiyhERRrBrY FERPSGRe FNFE RER fielibus Bigf gt KaPYE voi ds
the texture smmbbmg, /REH GhMehBlerBOin Ak es SR leRBpick bf ihe ofilgidl RRERE dhBakch

ani sotropic-filtered text that is displayed at an angle, as mght be in a
bi | | board i n saceessivalylifanep isexactly habiethe resplution ofithetpaevinsranenbliis effeetsredier s

I I h i th fil ) d ally, hi
rore ol sl y a0, Lot L SCAuG 5] Ut 25, SOREALLY AL OBIL S

vertex to st qjuetic®isQlisomthid ceadditate, d0ted 36 fadids wHRd NIP-Albls) teseldit bagd
effects. Early on, multitexturing was used to create lighting effects using

li ght nmaps, Bwhich Fep resohongeidlmessslasely reaclibe airel eiea fabe spprast & (hielease

bunmp mappi ng.. T i t r % %ﬁI I -
chi pmaker s towqegggg}lgﬁtékI’ISIII?Iésa(II&eg?éIIegﬂé\g C?I?IF %’ %II érgtacIeI%le%gr arte a%pv?%g? be

pi pel i nes, andlectedymrnes iteqganie tieneffaito oinsdisthn@hbpsessivelysmal s andrisss dqhiged
texel s per pixels per clock. The advantage gai ned by having parallel pipes
capabl e GP handnsiFRphDe 8555t e texel s per pixel is that nultitexturing
operations can of ten,0e BeRfndtD RN Balfd 96K smller MMShEps £RLE&S ThBan
having to performnultipass rendering, where each pixel |IJ1 a scene is dram
several ti negleriFaroreafche d ddondinateatengsdte degowiplipatehand impherkentatony depdadens

scene, its effective pixel fill rate |s divided by the.nunber of. sses
that need tohblgl%%ed@a?é%atﬁ IOaII%II’IInﬁ R I“I’IIW% ?’&%rle %@@IC&IIOII P I“”IIEIF Had to
do two passesydil@Feial floth & PmQﬁlaampm M dchoSbaBel bhtigepiuel deh ©fde@olsrelln
it, that chip's effective fill rate is halved to 250Mi xel s/sec. |If it

nmakes fodp paldwadIP-pre wiih the seebesy pupyniad tedurpragal fivatier andrming ficgiongs faws 1

pi pel i nes hay, Y filf 6] i A i S
Rl Ty Mt oo B s R At kAt oo BIREON VTP B 7

si ngl e text urdne@f sel¥ciptwhibiatexture 28@p)a0eh, @006 xtal testili@\te rdppedent the @anchder of
toget her, and . then hl ended 10 VIIrth t he existing pixel color produced by
shadi ng. HOWEP_II’éerIS, mcRi_ﬁ%IlrF tien 244 9%Fi ng the number of textures bei ng used in
a scene drasti cal I%e’r@&r@%%@%iiffé}%mggﬁui%pﬁ’éati%ﬁ?fﬁ LRHMI@[mQﬁ?QIM eh ageec%ﬁnr ed

to fetch the additional textures, mul ti pl e passes are bel ng done,

t here ondé wakpewitoesmgtahbics bardwatd support.dnweme easse ndipplidation masioy v4) (o t he
evolution of extrenmely fas raphi c rocessors.in recent ars has ] aid
Chese concer REIEFEA PBEIF MepGrarIoags Beaned EIPCIEL BRE U PG PRin RS FBRY 1t o
create a W d%ilﬂ’(éaﬁﬁlt_@ﬁn%ﬂo&b‘?éls ﬁhftmqa@,amtﬂanlqeftooapwﬂla@@udﬁ@carvbﬂ E@RxBRI Ng
only the tip of the iceberg. Devel opers have al so di scovered another way to
creat e text urtesheirceoriespondingiselsr Howeverayiseal prafilemapyith diliseeMdBerapping
instead create a small programthat createg textures procedurally. This

t echni que has been used to create anything frommarble surfaces, to terrain
textures in 20 | arge outdoor environnments, to noving water effects. Another
process many applications seek to do with 3-Dis to set a nobod. This is
especially inportant to attenpt to imerse garners inside the world the
devel oper has conjured up. One useful tool to achieve different noods is
fog, which also helps give a scene an addition sense of depth of field. 25
Fog can be inplenented in several different ways, with the variations
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But irrespective of technique, fog is a function of how far away an obj ect
is, which is usually determned by its z value, the distance fromthe view
canera. A fog factor, whether conputed linearly or exponentially, is then
conmputed and applied to t a bl ending operation t nbi ne t he

e pixel usin o
fog amount {dB b?gcugﬁgnﬁ;hgoq d??%%‘ﬁﬁ‘é@%‘é‘?ﬁG}FéﬂglbﬁhﬁéFenéo}for‘?xaV‘P?eﬁ 8’3‘6‘?5 bei ng

performed pergigsd 8wn b Phdm riﬁaigmé, J&Q@H@e@via@retbrgksm?oah'k@gttém . This is
cal cul ation, and are I nterpolated across each tnangle using uraug

shadi ng. Anotlhety gueota MaP-mapaswiitoh. fog is to all ow objects at the far

clipping plane to gracefully "fad " rather_than jus op,. out t he
scene. Fog can al s%h eﬁg‘é"d%X B‘e%ﬁé’ﬁlmﬂﬁaﬂ%?ﬁj@ﬁ%}u?é 1509?1513‘?8 \‘}?a’f%ﬁé'r aw
wor | d obj ect Smﬁpgﬁﬁg, MR hGpLAR VIR thB RTPEWa S BSRIdEry pyﬁe?med}séubsedfa%va%%e
gets near or reaches zero (fog values are typicall | oat i ng- poi nt val ues
bet ween zer o fitedingmesthed takesAaodibedan saraples lusing fhwgexeh samples eashnfomahé oy |,
the obj ect i ssenti al | i scarded, and no further, rendering work needs
to be done. .I%Elﬁmaaﬁlggarer%}/o g‘ﬁﬁl‘)ﬁl’n‘??? N R Eﬂﬂ‘ttbrefﬂ’é{lﬂiéﬁ&reé%‘g?n as
wel . Unlike zh8 tepedibea Bibs@sle in tdsaNSPARALhOPixeICAs [btmepRe! Bid tviliRgardept h
sorted in back-to-front order to ensure that the underlying colors that are

bl ended wi t h adlgnsithmaherpeses atvestljiedavsrage o avrabing et waslinaatréltsredriefiahyginto a
operation,i s There S f e 0

cal cul at goan rosngﬁtfgg{ﬂggl‘a{erdﬂg lu\é/gfrllg?, Iﬁ%‘ﬁ?ﬁésegg%#%f%%%%ra@?@ Mggdagéaa
(1 - a) ~ cdeceMiagaiote ?Righet = final color of pixel a = alpha value
{between 0 and 1 ) cs = color_of the transparent pixel (called the source)
and cd = col or of B8 tobeqanyEE-paneane uflery some Hertermingndiomenyt mpails eyl a
is a sum of i i : t I i i
differently ?@KP%V%% ﬁie%eit%fﬂs{? @ééllggﬁ%eélgregsu trgﬁ% %\fgﬁﬁgéag#% %%%%%g!ti '%gjg%’ﬁ‘gﬁi to
gi ve the fi naliasmgdeds tc db ovith thtwsightihg fastarod tiee avgragadetwfeeh dehimiothibsear hat can

be appli in.connection with texture,, lin er . gr.aphi cs; however,
thus far ,Eigth ilicat pé?ftalfé"a%“_@?e gl Py ff?@ﬁﬁw U@gsggn?ff X84 BY t he
devel oper at rﬁi&‘ﬁ?bvggg[ﬂlﬁgé tHe a‘%ra‘é‘bhméliomhlefshﬁﬂbpﬂehélhﬁon %Qpﬁbﬂﬁ?e & &l n

vari abl es and heuri are useful for certain graphical circunstances,
and not ot hemrssult Higheh@Dybia$ isttyrneé Eddwn clan nhehawaiightug thagyeregewwerd theever

i ncreasing

~ Cs +

larger MIP-map, aliasing, and temporal aliasing, such as texture shimmering/crawling

can result. LOD biasing thus alters the d value, causing smaller or larger maps to be

20 used, although the d value is still preconiigured at development time. The main problem
with these techniques is the isotropic nature of bilinear or trilinear filtering. The
magnification/minification along one axis in the texture may be significantly different
the magnification/minification along the other axis, which can result in aliasing along
one axis and blurring in the other.

25 There is another filtering technique called anisotropic filtering that attempts to
address the isotropic nature of bilinear and trilinear filtering. One form of anisotropic
filtering uses MIP-map sampling, but rather than taking eight samples, it instead takes up
to 16. In using anisotropic filtering, one specifies for the renderer what the degree of
anisotropy is, which is a ratio of how far a texture can be stretched before its image

30  quality starts to degrade.

In another form of anisotropic filtering, bilinear filtering is performed multiple
times along some angle. This can be useful where “streaking” is a natural by product of
the pixel rendering, e.g., as is the case with the road flying by in a race car video game.
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processi ng power. Accordingly, it would be desirable to increase the anount
of intelligence applied to texture sanpling algorithns at the front end of
the process. In g  viewof an increasing trend towards flex-function
GPU, it would be desirable to expose controllable texture sanpli or .
devel opers to It e@ﬁtvﬁcgp‘?lﬁ?n lafﬁﬁr?‘r?@lquﬁtaﬁﬁlieit%gﬁ&ia“te&fﬁléﬁﬁﬁr ”dﬂ%fé?té?ﬁ‘f“

ci rcunst ances cd_n@esbb@diﬂ?ﬁi a §drédrCHG 0B PIBBARI the AR bE AR ANGEG RS QYN RMEDI e
per - pi xel shading and Tighting al gorithns becone available that take into 5
account mat er icaigepsqupesr tNlers sophisticatedsuethadsetse thaodddnshapedcalertion efStexandh t hat

h f | ' - t ext b i it all, th
Gostranl e to. HiSBPlT b Bt BRRD bt bnea 6r bl in rivalt L3RR RE sttt
process. 14 night t@h&ofobﬁlisj%ﬁﬂlga?@otbﬁn@@ﬁﬁ h&W Iy iy sHorld B ucey @i i fhiach

into a rendered i mage, such as blurring, or streaking, or shimering.
Accordi ngly, problem.~Agy gquisentlydgionaigorttbmp fvdodies thisybasnhdiescompriations emly 10
operating sys L i CaLi 1 i nte ce, a tool
ot and, Zor 1 ool SV B, o 2R RRR-GRH B RoBleARIATEMIMANE e T
CGPU or ot her pepidectssbiiy tdawinakles adowdtdrenicsprcidoiably/iptedivicids comnslrnd | abl e
texture sanpling capabilities. SUMARY OF THE | NVENTION 15 In view of the

f oregoi ng, thBOSFEsent invention provides systens and nmet hods for providing

control |l apl e t ext uke; ! [+ € 41 W i in -
comput e Syat em 1 s aotp ok Asdbp AR N il GRTRIR: B1ARY Aferlk @
control |ing tahkkuated aaRigl 2Dgfoan@opt BVa,dddcl 13abd be naivbteopBedllydtiteddalan®in

hardware to greatly increase the level of realismin renderjng, .including
i npr oved TochaIS ?md%\ﬁd gti)thenrav? S apd a gispsizRys g%ws?rawmj Fdfi Rt ?ﬁﬁi .

surface refl eglipasy (B mIASMAIRIIMNY ARGl dandDRARoME BRAKAD gEANGRS!
vol unetric sanpling”(4) selt shadowed volunetric rendering and FS) sel f

shadowed vol umpecticaf thetyiaogls tbeing. renderel pypl cdipical sigpexlosg thegprigbed deferes dmpl i ng
t echni et t.ext | i b I d d/
modi 11 ed. 1 n' BTGNS SHBRAHTES TR HBME Tps BPGUoREhRnedh ¢l ddanbit

medi a and 2~ &P RS /KN Sr S8V EaaHl@ 1€ a Pehtdiesiibh, GlerRb adeticp iRt r ol | abl e
texture sanpling including specifyi ngépar aneters) of a sanpling footprint

utilized in cemrrspendone giorps eleiottifA) $adpl ilnd 16ena Td 2xBILe | B2, divchne et ande
sanmpling the i e wth the specified paraneters of the
sanpl i ng foot{@ﬁ#%tﬁﬁgw%g&%ﬁ&%gggﬁd enbodi nents of the present invention

are descri bed bel om usa{h BREFamMPESGRHET i 66 thE e thBAWUNGT veQo be TiercBaBloem
and nmet hods for providing contraollable texture sanpling in accordance with
the preset iRUBAsHGIcCaYEers i heiRg arplicd; Buwptippicrilieaing aeheeestshatpgpimage
acconpanying L AR ohihedhdiiRiinkd: diefind. Al AKAGSi UL B BErRD Foynd
process of texture sanpling in a conputer graphics systen Figure iy
provi des an owehpomvsafiplingpitiioalsandtep dhathnisamggic-figiered oeoe stsat (gt dikplzwgd dtan

connection with texture sanpl.i ip.a conputer graphics system,, Figure 2B
provi des an p?f‘egrl‘?/iaéwlﬁl?t bg1p ibblib%éf‘fmﬁrlainﬂ (i qqtagﬁ]eﬁéarb‘?%ac%@gkﬂ? Zéd m
connecti on W felddre¥iddé Bles@yMah REtH dthér MRMRYHRIth@saphi cs system 10 Figure
2C provides an overview of  a prior art M P-mapping process utilized in

connecti of¥ with teSengrally gnphiaigpplication pragmaneming iafshiaces (€WPds)dmye provisions
for a single vertex to store two or more texture addresses for use in multitexturing
effects. Early on, multitexturing was used to create lighting effects using light maps, but
it has since been applied to do additional effects like bump mapping. These
multitexturing features eventually compelled 3-D chipmakers to invest chip real-estate
30 into creating parallel pixel pipelines, and in more recent generations of chips, to process
multiple texels per pixels per clock.
The advantage gained by having parallel pipes capable of handling multiple
texels per pixel is that multitexturing operations can often be done in a single clock
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Figure 2D provides an overview of a prior art anisotropic filtering process
utilized in connection with texture sanpling in a conputer graphics system
Figure 3A is a block diagramrepresenting an exenplary nerivork environment
At A S R R T
non- 1 i m tingdempddyengtitheyiFee ehdh additnal fiss peripant «d Mo eidarakcle, us
i mpl emented; Figure 4A illustrates an enbodi nent of the invention wherein
control | abl eeffestivgmaxei@livateps Aividaddygneimber ofpaggs thaumadtp bemaseeso 2
5" provi ded: CARdAL SUnPEeAERE SO PRSI £ ERTHNRs W RIE AR AR
yetS C}‘? urthﬁgr\I mm@tdO: kﬂﬂiﬁﬂ@%ff@cftsgt\lrhig/thﬂ\bﬁim’é 2ﬂﬁedﬁﬁﬁﬁh&atan?héleéh toZZ;Bé)_DEJTHlyE@. If it
DE | PTI THE | NVENT erview A nechani smfor providing,.
control | abl emakgs {puepasm thenf! rade diopy fukld Mrisels/ssrabhes psta@elam@%lr@ﬁ HEvs
hardware to RVAN - I 1l ., renderi ng and opens
t he way tomg{cfgﬁﬁé%cr%#g&r gg%;%?f;l%%%%g&?gir%ﬁ{se{%ﬁ%h}s@ ?lnlw l-1'D har dvvare. Up until
now, such 30 met hodidtifzaneingeiens n@peiact thet hochsdiffematie fivengdgular singler ki ng
with a host processor, greatly slow ng the graphjcs pipeline. Ln thjs
reggr?, cu[r E}rﬁyl; S’;E{P thaty Eé@?&%?gﬁ‘g‘g%{}@v t‘?JE? bleﬁéﬁ t@&;;laer.sé@pqhigbleﬁg?d is
used 10 extirat thdexi ix&Wold? lprétiuc EX b sEadE. AoRBYHIFELHHAE P Yip1HE th
rendering. Since the1 pogs)tigl%(i_ons (‘))fr tuhe p}!}dx_el jsc’beiong ér?gnder eg O_do pnotD ©
tgﬁner al l'y conumbpxmfgjeﬂmlasbgmg%_@ei iner oo dr:agwslly)incremeestt:agerlnsm!lttmhftﬁwxe_t@ffemr e,
ere is so rk . inval ved.. Texture. sanpling can.function w ariqus
evel s of - SoBHISHRLLEN QIS G PeoH G Ra KAy TEdCM AP Btk PR O S uch
?_sl ItOO' nt sarrn{ew%memaslcteﬁ@erm Eﬂalt E%rhlmgerfé\ﬂsrl?mﬁ@ﬁr@blﬂ%uﬁ@l? }?)Weﬁ@x_t, Emv%ﬂﬁion of
iltering, as well as other techniques. Such prior ar echni ques have
fixed ?s pect Stttflﬁm_ﬂhé&fﬁ ﬂmh@hpmemts_lamﬂeyt W@rkﬂ haséallé!the.sg b?ﬂfaﬁsmsqst-l\/br ]tca](c)ve[ ,
presen i sotropi¢c fi.ltering.t.echnigues wor o.elimnate Lin ects
ther eas 1 devel opdp s ot B GEPE B oERGs teubis Bt fraidlipPeffcd:s
Accor di ngly, withe>apic 86 Hde deBdtfionhBingXPOE S tiraVholdshers. MovetbppaaletRss to
the devel oper, so as to provide the deve'l oper with previously 10
unpr ecedent edisfeieesd angdies ayite prepiedpduresiathenthan ipeg a Grangeshthibnareder t he
texture sanpll SS. i i t i I i own to
be uset ul 1 or il S8 Pyed holE s il FERAR R S Bt TYER R B
i nviari ablt yti tﬁﬁhlgq?mh?d)e‘ﬁhhk’egﬁofcml :myﬂ’;iﬂ% thomreardie dnofabes, Eﬂbrr&iﬁt{iﬁmh&s irﬁome
i mpl ement ation details may be i emented in_a coprocessing chip, such as a
GPU, whe%%as136%%%@"%&9‘”15%’“@%%38W%V@gawﬁFra%Fﬁ‘?@s

Another process many applications seek to do with 3-D is to set a mood. This is

especially important to attempt to immerse gamers inside the world the developer has
conjured up. One useful tool to achieve different moods is fog, which also helps give a
scene an addition sense of depth of field.

25 Fog can be implemented in several different ways, with the varations having
mostly to do with how the fog becomes foggier. Two very common methods are called
linear and exponential fog, which scale linearly and exponentially, respectively, as their
names suggest. Fog can also be applied per vertex or per pixel, and as in most things in
3-D, per pixel looks more convincing, but is computationally more expensive.

30 A more advanced method of applying fog is called range-based fog, which
traditionally has not been available in consumer 3-D chips, but with the arrival of vertex
shaders in DirectX8, range-based fog is an option. Another method is called fog table,
where fog values are stored in a lookup table, then applied to each pixel.
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15 devel oper via an APl tool kit, an operating system drivers,

downl oadabl e code, etc. Exenplary Networked and Di stributed Environnents
One of ordinary skill in the art can appreciate that a conmputer or other
client or server dgy'ce can bef e Lo%eq as qﬁrt.of conmput er ne%mqu, or
'n a distributed cONBUTERG SRYT FORHANT oF K T HRCiPaydod, o) meshpedary
invention periRidhSs hsua@RYceaminet o 120 el S diamicB roaMhe e esmeh. NERBRry or
storage units, and ang nunber of applications and processes occurng? acr oss
any nunber of fastasr whetherfiompugad Nnspilresexpaneetinliyaly then epsuaitgdandapnbed foohe

onvi ranmont - whER: B4 PIeBE PSR AT e A ST RL R BB "

net u. ~or k £nviiysHadedrexQiredipistr dopstl Hdog Groitig prgfopmud penveeek, fobaytmgdoi€not e
or local storage. The 25 present invention nay also be applied to

st andal one cobgferiefgParees tgégghtmﬁw%mg@w HyePalatpdAgEoss aardttiansie nemg
interpretatioaoﬁangﬁﬁﬁﬁiion capabilities for generating, receiving and
transmitting rnformati or’in connection with renote or | ocal services.

Di stri but ed conput AngthieAapiatiidahtuesios fiey is ngalbdw objep bethe fasipp @Dl ardo

services by 30 direct exchange between conputipg devi ces and systeq;. These
resour ces and2@esiylly efde gweyidethen hag, bt RRBOULI! tmPRpdiqedin alsadikaised by age,

and di sk g4 or gag, E%m%’kéﬁ&m?ﬁ% ioms@%&mﬁwéétmmg : 1@5@\{@%6\9& Qhmera,
network connectivity, allowmng clients to | everage théir collective power
to benefit th8oeuen tle feptveiupigesacal or rednhss rarg éfod, vahiey arei tepigaldf fledkhg-point

devi ces may have lications, objects ar.resources that ] licate a
texture sa)r/rpl Yﬂ@e%lr%g‘ﬁ%@szef%%d My Vﬂf’?‘iZFfog%@IQ% SP@%@S&U@Q“%E&%% 6?%5 t
invention. FigyiedAs BsoidigstiRathomtdocufth@aendBrak vk aXQ1Rb 85 YoRet wor ked

or distributed conputing énvironnment. The distributed conputing environnent
conprises conput i nfedhnghice&irapplying rapsparenay. andrivinsloegnay ienigt asoyelbt Ynbke

devi ces a, 110b,..110c. etc. These aobjects onpr i .pr.ogr

ot hods, Hat aRE0r RGO GyRRfRRt L Tog e Eebfially s SR herd R Rek- B e e
portions of tfRens@eehathdiddegyiglcotieyihatsre SUmde@s itREMSradsphent s0j@iSareMP3
pl ayers, televisions, personal conputers, etc. Each object can comrunicate

wi th anot her ®isjlable whenksblendingeperatioruisipeoinassds Theteiavoiayerpd formlag thg get
network may i I i t i ect nputi ng devi ces

t hat provide %%?&%g%@ﬂggf@ﬁ@ﬂgggﬁgﬁﬁﬁﬁﬂﬁpgg‘%g@gﬁﬁﬁgﬁgﬁﬂéﬁnce with an
aspect of the invegt+anc-eachopohy, whdreih Ca, 1 b, etc, or 11 Ca, 11 Ch, 11
QCc, etc. may contain an appljcation that m ght request texture sanpling
servi ces.?4 n @zﬂﬁgﬁﬁPBﬁﬁ%B”@anuting architecture, conputers, which may
have traditiqgggmmeghgqggvggggaﬁghﬁly as clients, comunicate directly
anong thensel ves 'and can act as both clients and servers, assum ng what ever
rol e i s nost affiadomefithé ransphenngked(ozlled tihimiresgdotes the | oad on servers

and allows all of the.clients to C resour ces, avai | abl e on ot her
clients, ther‘é’b’;/cc?lﬂ‘b‘?fetﬁ%Pﬁ“g“cfeﬁlé’%eig%ag&%ﬁiﬁf c W&a%é’f’}'i ciency of the entire
network. Texture SERRIfbiEIS RIVIUGESE twd AL HERNERnWIHErd e aHaSank 1§ BRI on
may thus be 20 distributed anong clients and servers, acting in a way that
is efficidnt diferents tehethmexelsnnd tewesubiant valungtaeshadsetrgethey tacgine Hl fnal

busi nesses de“kéq; §ervices and capabilities nore efficiently across

di verse geogr%p iC'Boundari es. Mor eover, distributed conputing can nove
data cl oser to theThg tHerendtemengddaofitechaussimadc e apgliebinaongéation kvidachi ng
25 nmechanism Distribuyted conputing. also allows conputjng networks to

dynami cal |y wKHIe $amngIcongiicg Srarnior] hayerver Ayt heaglentian pleaiyd thmyead
conput er s andy GRS A oty MY BIE aOlevRbRICRPIhE N BBE A ALERTY.
Agents may also initiate tasks on behalf of other peer systens. For

i nst ance,30 nt &inté getrin agyembles apd helistios e usefupfareeitdin zephasksiromstancet, wod k
change traffic fl ow, sea%ph Por fHIes Iocallﬁ or deterﬂine.anonalous 30
behavi or suchPH&thers, g dgaligt sl andsrapicetl Pagrev el i exer Hercapirk. Al |
sorts of ot hepros&EmbGRVeMBXcRRRER RRRIAL Bd@SrabRlid incRlaBCReahRRA! 62!
objects) and texture maps may in practice be physically located in one or
nmor e | ocat i onwteligracabpiliedyo teaxtuie sampling dgaréhme peths digpt endpfshe piogess. Ins of
great utility in such a system - 12 It n al so be appreciated that an
obj ect, such as 1 |G, nmay be hosted on andther conputing device 10a, | b,
etc, or 110a, 1 I Ob, etc. Thus, although the physical environnent depicted
may show the connected devices as conputers, such illustration is nerely
exenpl ary and the physical environnent may alternatively be depicted or 5
descri bed conprising various digital devices such as PDAs, televisions, M3
pl ayers, etc., software objects such as interfaces, COM objects and the

| i ke. There are a variety of systens, conponents, and network
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devi ces such as light switches and appliances may use power |ine for
connectivity. Data Services nmay enter the hone as broadband (e.g., either
DSL or Cabl e nodem and are accessible within the home using either

i rel . g. RF 802. 11b d. . Ho NA, . Cat .5
power 1ine) ShELeT org o g Tt RS EROBP. ERE bR oo REr e
wired (e.g., coatrolibldfexird @ngfitig(fer developedslto BHKINGS khead dyB¥mRentilsdehtdist ed

within the home using Cat 3 wiring. Entertainnent nedia, or other graphical
data, may entherdle dfqrentesirsimplances i hiedross atfispeipremannesahs mogmnaiiviascadypi cal | y

crer oi ng as drgrearepine BhAR PR B (BRI waa i e S Ay R s RlcR R P

these net 9or lscanmt marmRNbSpaids, ghhel SuifitRl, vilymEane tgeurds add tik Bhwrc@tl more
standards may be interconnected to forman intranet that nmay be connected

to the outsi GEMREKISNIPIAyCBRredirnding dbgeames gl tpgrare d%sir@bféiteﬁyab&

di sparate so i 48, rggnalg] i ) ta, .2
consequent | yg%ﬁ%\éﬁﬁgioﬁaﬁ &gérg§&§g§%@% i ng rgg%n%lé ?%§'rlggﬁ?rpea%%sde%? fhie
shari ng dat ato sativllaslydatraduae aa&sesinde a ndridetedashapge)ciicentbluwinkeout streeking, or

sanpl i ng of aphi cs qgbjects) and texture s in . accordance with the
present 30 i tYe: &Fﬁ‘érdl"‘rgiéﬁh‘@?”lg(yﬁ#ﬁwf‘gﬁ&%’é‘f"ég‘i YL HE L ALt Mdn of

net wor ks 1N ogabEHEY idilal it Ldde? fn e iBoiintifg Rlteic! ORRN it alibEN are
wel | -known in the art of conputer networking. TCP/IP Is an acronym for
"Transport CdmtctiohalRy m thegrdphntseripedive itPelfgnanditg (H3GPU Bhethentaroedssiogn be
descri bed as ,a .system. of. geographi cal ly di i buted renote computer

networ ke i nt SPHEhRIBCaTisT LoD B s SRl R LS eI RE CRBESt S ¢ hat
allow users to interact and share information over the networks. Because of

such wi de-spread information sharing, renote net~vorks such as the Internet

have thus far generally 5 evolved into an open systemfor which devel opers
can design sﬁlmfltRX FiTIAEE IYENBYONer f or mi ng speci al i zed operations or

services,c.essential |y w i cti - he. ;net <

infrastr tlj%t ure en%ﬁlwééy%afttﬂggbt e%osﬁ%é*ev\é# %ﬂf g%?fl“ gdd]i 6589%1 ﬁ%‘!fYS%a/eg{slélnFé?ﬁt Cédesrf\(}l(‘ar ,
peer -t 0- peer proMidihy benteblAbRhettertsampling henhedtioantith éamputegristicoih aa cl ass
or group that uses the services of another class or group to which it is
not rel at ed. CRAYLer systeny 1B YARpeNs sRRPOHNENtS: dpproved meghausmsior comrolling gy a
set of instr i LA hat F [ L _her
program The E%ﬂ; lgﬁarg ?Bc ess S[B%ti ep?@gg eItg ﬁg&?%atgggiﬁggh%g? gf éc%\télsl\?\],? %ﬁ%ﬁ tt }?ér:]g%/%’l ng
to "know' anyf wealikh mgrahdtmangd, snchiphog imprevat inechapisagrianilo mdtioe bdencd)ce
itself. (51 a client/server, arctEi tecture, particularly a %\]?tworked S){stem a

client i8Yus8IYng FUSHHAPIGSUEASH CHECIONS 68 BSASIAURE HHETARE FK -Fleadgtinged!) ray-

provi ded by aneLBRmESIRMIRIg (8) @if-shaddReRIRErichkBhdeRfg aX@Ds8IfRhaddvied 3A
conputers 110a, 11 Ob, etc. can be thought of as clients and conputer 10a,

| b, etc, canlupwtnityghsting [msppplrmentng existtsiestusesamnlingOechniqueb, et e.

mai ntains the data that is_then,: | in. the client conputers 110a,
110b, etc. AP %rgwgelys F@%’&%ﬁ%%‘ﬁﬁ g}ﬁéglfl g%%ei’?a&c%%paﬁ%?mggi/‘ ]teg'm accessi bl e over a

renot e network suthivasousRebboingnis tnethibde, phhRtis, indntaSeiRyldifedebhde in a
first conputer system_ and the 20 server process may be active in a second

conput er 23y sEeRrpCessingdyicat 3Tagravdad Whieh arblawantiglielle exeBprampléng ineweing
f O Cot Cat | . o o
Cients to ¢ StYhE Rt R Ehph Kok AL Boco il BERTAGLS © e

server. (i epdmpling cferteeturccoapram eatues saniflingniee @rmrdwmap it adcbadange vtk the
functionality 25, provided by a protocal |ayer. For exanple,

Hypert ext - Tr f%“‘%ﬂﬂf%?%‘éréloﬁtlﬁﬁp&‘%?%t%ﬁnon protocol that is used in
conj unction wi th Oiger\dihids YRAEm¥ERmMEeMMBF the PrBeABnk ¥nticR SOTRUEBLI B8&wYOr K
address such as a Universal Resource Locator (URL) or an Internet Protocol
(I'P) address is used to identify the server or client conputers to each

ot her. THe nBRIEBNDEICRIBEITON OBIHEMRAYINGS as a URL address. For

exanpl e, 30 conmuni cati on can be provided over a comuni cations medium In
particular, the client and server may be coupled to one another via TCP% P
connections for highcapacity communication. - 14  Thus, Fig. 3A
illustrates an exenplary net vorked or di s&ri buted ennmronnent, with a
server in comunication with client conputers via a nenvork/bus, in which
the present invention may be enployed. In nore detail, a nunber of servers
10a, | b, etc., are interconnected via a comunications networkl bus 14,
which may be a LAN, WAN, 5 intranet, the Internet, etc., with a nunber of
client or renote conputing devices 110a, 110b, 1 | COc, 1 1Qd, 110e, etc.,
such as a portable conputer, handheld conmputer, thin client, nerivorked
appliance, or other device, such as a VCR, TV, oven, light, heater and the
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15 110c, 1 | Od, 110e, etc., as may be characteristic of a distributed
conputing environnent, Conmunications may be wired or wrel ess, where
appropriate. Cient devices 110a, 1| Ob, 1| C, 1| O, 110e, etc. nmay or
may not communicate,via,co ni_cati ons. _networ k/ b 4, and may. have

i ndependent comn?@%tgf{lséeﬁlég]ﬁglgg}og god ¥ Vég‘éﬁic{)w&%ﬁe t&%i‘ﬁ%sf’ag}a{’in% "Phe case
of a TV or VCRicotduatewihyh®presary ivehtidieard fi@iemaedeitc @SB GEfctdnct fethd0
control thereof. Each client conmputer 110a, 110b, 1 | CGc, 110d, 110e, etc.
and server cofgempenyiog drargpgs @rwhickay be equi pped with various application
progr am nodul es or J i .0 I 0. various
types of storage ngg?r']reeﬁf é?ogr}a?éggﬁ gg?ggﬁe@%ﬁggg%\%v%u%scq:'nﬁﬁq'llrgggﬁgﬁg%@E}s Oor?%uggror
to which portpaphiss spterthi | es may be downl oaded or migrated. Any conputer
10a, | Ob, 110a) 1 | b, etc. may be responsible 25 for the maintenance and
updating of a dat aBHsEe D PEIVIGRSHEOVERFagEa BIhROINTsaRPHEE dEIfess WillizRd fihe
present invent] . ; I f toring graphics

obj ects} or i%rglrgﬁ% I a %?%ngg%@%?oljﬁggos E@ggﬁsgé%ﬁ@brdi ng to the

i nvention. Thus, tRggups2Berntvidasventemevcaia trdorudri bilized filteriag prepsstieilized 1n
net wor k envi r onnent hay#’%?egtclient.co.rrput ers 110a,.110b, etc. that can

access and i ntRgEROR . %Bﬁﬁﬂ?l&g lﬁé‘t“\%}m‘mr@fﬁ’hﬁ S¥¥°®nd server conputers
10a, 10b,j@tc. thap;RysE BrARSE an Wb i bﬁi‘;IBd&QJFPMﬁanﬁpﬂa' rodet®BritifliGn and
other |ike devices, and dat abases 20. Exenpl ary Conputi hg vice - 15

Fig. 3B and t bennkctidnomitin¢gextlirs susplinginareeniputes gopdiicseygieroyi de a bri ef

general descriptiop. of sui tabl e conput i enviyonnent.in which the
Pnvention may be. | HTGHRRICHE A YRS HGo bEP el AU RTapic e ot
handhel d, por §@ple8 iRBShREASH wiR faXdire REmpiend iﬁedscoaﬂﬁt&cgﬁmidsrsgst@m ects of all
kinds are contenplated for use in 5 connection with the preSent invention.
Whi | e a general puFigosed4ahpbloek diagragerprasptngtial examptany setivorkpenvipnment
exanpl e, d the present Lnventi Lnplemented with a thin client
vt g neffvor kGes FRear ob YR P Rk b R UE TR SRR Bolp ¥ et

i nvention mayinbfembitgmented in an environment of networked hosted services
in which very little or_ mninmal client resources are inplicated, e.g., a
net ~vor ked envi r onfignte 1B 1s12blgpk dinsiamerepresening da\rerap Bt s Mg gpnaxItiag
interface to rJ - ; I ed in an appliance. In
essence, any\/\g%}r?%&gr%}iﬁ%ﬁegv%glflﬁgg&gt%grng% %ﬁ ?&onn%?l\%\ﬁch data may be
retrieved is a desFigahd €A ilbsstraus tiabinbodierui sfhergvent@r whaemadonoollgfle tedreure
control | abl e texture sanp|ing techniques of the invention. Although not
requi r ed, <% heSaMRIEEHS BIPY _H’ be inplenmented via an operating 15 system for
use by a devel OperF%g@@g W& Fied @ Furthef BMbSAnfRht %@%en%ﬁérffﬁg%wg%le

wi thin application hvare that operates in connection

control | abl e testreiseendmgps progidsfl; alde i nvention. Software may be descri bed
in the general congext of., conputer-executable instruction such,as. program
mdul o5, bei ng exch et HYSEHE sProsrar sofhitiut 8h Sthier B2 e fpoBdinfolt

wor kst at i ons, ofstfie UB/kehtié may Beapsliedi ces. General Iy, program nodul es incl ude
20 routines, prograns, objects, conponents, data structures and the |ike

that performparticular tasks or inplenment particular abstract data types.
Typi cal 123 { RBEAAILED DESGRIPAON, O FHE INWENEION ey be corbi ned of
distributed ag,deslfed in various enmbodinents. Mreover, those skilled in
the art will apprecrate that the invention nay be practiced with other
conput er syst em coAfmehamtmdnsprosidives controllatke camure sampplingng pPdvidgdsthatnsiables
environments, ,andl or configurations that may be sujitable.for use with the
Civent i on | not BHEECBTOMPENHEE 19 AL eSSl LHp it Ry opers
automat ed t el {h8hyVRERWAIAE S5 SEYaYRfacik@¥BHpRiaSiond MIADNRLAY L6, UARERIMIEIALS.
mufti-processor systens, mcroprocessor-based systens, programmble
consuner ¥l ecmednilzbaverhsememsiiorasto safpkicanedesers Mogking widirn/lasbpiveesser,

control elenents 1 ni canput ers, .mai.nfra 30 _conput er s d the like The
Cventi on mayeae e EleBhEs pIFRlRUF Mhe aar e St ey o s i oG
tasks are perfff c@ddRgamprptiat BrEee fséxIG By tles olithdla tatterel dnnkesly fdir @il a
communi cati ons network/bus or other data transm ssion nmedium In a

di stri buted conputing environnent, progragggndules may be |located in both

| ocal and - 16 renot e conputer storage ia including nmenory storage
devices, and client nodes may in turn behave as server nodes. Fig. 3B thus
illustrates an exanple of a suitable conputing system environnent 100 in
whi ch the invention may be inpl enented, although as made cl ear above, the 5
conmputing systemenvironnment 100 is only one exanple of a suitable
conputing environment and is not intended to suggest any limtation as to
the scope of use or functionality of the invention. Neither should the

oy 1 e o oy




10 Wth reference to Fig. 3B, an exenplary systemfor inplenmenting the
i nvention includes a general purpose conputing device in the formof a
conputer 110. Conponents of conputer 110 may include, but are not limted
to, a processing uni a syste [ | 30, and, a syste us 121 that

coupl es var i JERIEYSt é‘ﬁ‘F"c SiLRpg oS EPH‘& Srpénfgrfé“%@%‘% %P?Fsﬂ?ﬁ?r;?HYGO‘Erﬁs@OIld
processi ng U@xﬁgtl@@ thd B@slﬁé/r?sto?rﬂﬂé%%elk ZlthBRk e, dheread¥o {\Vﬁﬁé’ﬁ(@{k’ea.yﬁﬁﬁr f
bus structures 1rcluding a nmenory bus or nmenory controller, a periphera
bus, and a Ioaamlphb_gsz_lruﬁmngorawyhoﬁnallsﬁavaleoﬁzsoohlstmamsimgttezdmtquesdesBy‘bmbiyx of

exarrpl e, and pot |i mt t| on, suc Clhl t tur I nclhﬁ | ndustry Standard
Ar chi t ect ur e {0 SWEE 25 PO e s s (W RmaBRieE apd ARRCERPY sa
(EI SA) bus, \mﬁé%gEAsagéu ANARS (AR, ﬁlcﬁ@aepa@técmqﬁéé%% fix0§ &dpebidso and

Peri pheral Conmponént 20 Interconnect (PCl) bus (al so known as |~tezzanine
bus). Conput ghem1@hichdocat agply well eleld sigualigns. eMy»rE@fvelcpmpmtemspea;dalﬁﬂtenn@dl a.

Conmputer rea any avali an cessed by
conput o 110 EstiaR Mode & fisvned HufE kel ThER LT doveioeh Bty A BEEEIEER
and non-r end\a&t&a BREMR et VAYcatling k2 R ReseanNflvaaionl dxfbdedblibusBoffudt er
readabl e nedia may conprise 25 conputer storage nedia and conmuni cation
medi a. Conputnéransaters yeeristelaperngd asde Prayadentho draloncs vatidredavedy at i | e,

r enovabl pan gy
for stor 3o oFPrp ARl A REp b AL S TF e e BB R P SR
structures, progsam ﬁﬁd@ds@ibﬁfdlrﬁémenhmvaltloﬁammvﬁftoSbtleséi@Efdmfdﬁausi ncl udes,
but is not Ilmtedto ROM EEPROM flash nenpry or other, nenpry

t echnol ogy, 3OXtEIRERACS. d?ﬂpaqovereF@dPanéloaﬁwgntwb}y lmplfem%ffd Bk |Se%\wara. sk
st or age, ”agrh%}dx& Séﬁﬁcﬁht %8re>[£%3ﬁ ﬁ:letlﬁ mﬁﬁhhﬁu?hﬁ{gbé‘irﬂ BRnfil iRhher
magneti c storage devi ces, or an |um I ch can be us to store
t he desired |cnpmcmtngcnh1mrsdch/\m a:@Panharca&mhexdnmyhemxpusedrto 4 BPaphics

Conmuni cati on, nedi a typi I nbodi es conmput er _readable - 17
i nstruct il %ns deyelpperg Vt“ilg‘bgg:[ 5%’1 E‘éf%’g‘}p&mt‘ﬂﬁg&t@g Fivesy ﬁewnlﬂ’afléﬂ? fOdg: ASdul at ed

data si gnal %H@@eﬁ%&@& ar\{@E%n%ut&I B&firdnhagport mechani sm and i ncl udes
any informati very nedi a. erm nodulated data signal" neans a

signal that has orfenerf ardineryokill msth@ hxaucacmxrccsatc tisit setJmputechracutgecbhent such a

T et on, COMRUAT A 1 oreione) Rerfets Giriuge sl el R e 8T o™ ™

network or dichgfp hnm%é&dr&xﬁﬁﬂﬁ%t}ﬁ@reg&@dtkﬁ@p&&bﬁﬁﬁvé’fﬁﬂh cRbIGEH tAghyaLaRitdrC,
RF, infrared and other w reless nmedia. Conbinations of any of the above

shoul d ak8o béStﬁMaM@édmwanbﬁf efaeeyyw skrageompist 8y ang agabeeohappiieationfe
system nmenory, l, 3 | |l e
10 and/ or non\r/lg gcefsfaég ﬁgc‘%rr%mggwgi%lg%%%glg ﬁrﬁgéreiaaudl OEQEH(}%S%%& aalyr andom
access nenor mséd?ﬁl\@onﬁ&&onmxbﬁzste&turmmmﬁ;ﬂmgtmmiaﬁ%E:@ms&&}n'édﬁlu%}nampt;aﬂom ng
the basic routines that help to transfer Iﬂf ormati on between el enents

Wi thi n conput8rnyenmeriayt %F?Iﬁautgf%nfi Bt compp{esy ¢epiexpd 4 ARerarh ROV
131 . RAM| 3%n¥ri¥<9rhﬁ§1t o¥ d%&iﬂu@émnﬂﬁttlﬂ %Hﬂéd?%ne% 2aLAL8 &R 'o‘??oéah&%ra%é.eThe
i mredi atel y accessibl'e to and/or preséently being opérated on

processi 8§ umpr¢sediverBipnweay Ao exapphieé to samtiatroe chinpitizg d@mesﬁn@mgsB

illustrates oeratln stem atlon rans,. 135, her .program
odul es. 156, PRIAIDGS TR 4ureson S I ShehaR S8R R s HE e ot nor
renmovabl e/ norgreﬁ@mgmé&ww%hxﬁ{ frAfRhiM@inY Od fofrhAtRnGRA IBMcElioS vath a8BoteRA Icbal BY
way of exanple only, Fig B 20 illustrates a hard disk drive |41 that

reads from orseixt4etes to non-renovabl e, nonvol atile magnetic nedia, a

magnetic di sk dri e
nonvol atil e nagne;fl?lcszt%% é%@hﬁ]ﬁ% ellf;tlﬁggp O?ﬂ?‘iﬂ} % ?r?r\?géou?%é B #s‘%rvlrcgfa
fromor @0t @érettoexahdrgebepidea componod aéwdee aﬁ@tsysmhs dihsée r&ﬁﬁuces uad sesicas CD

ROM or ot her optlcal medi a. Ot her renovabl e/ non-renovab

vol ati | e/ noniesleds the exghenee ef infarprRlign caghf Soresmene disk B@r% fasBlsin t he
exenpl ary op netic
Cape casset | ou o plEdEOMEROATRRL: LRahRE ot Rk o @Ryl nd Qicef 001 oo
tape, solid dtwaragcRidt callEciive ptvadrdo R@dﬁt&racbmk@eritcrpase Thehik acghrdliaslaridryi ofe
141 is typically connected to the system ﬂ; | 21 t hrough an non-renovabl e
menory interface such as interface |40, and magnetic disk drive 151 and
optical disk drive 155 are typically connected to the 30 system bus 121 by
a renovabl e nenory interface, such as interface |150. The drives and their
associ at ed conputer storage nedi a di scussed above and illustrated in Fig.
3B provide storage of conputer readable instructions, data stn~ctures,
program nodul es and other data for the conputer 110. In Fig. 3B, for
exanple hard - 18 dISk drlve 141 is |Ilustrated as storlng operatlng

e A N o R — .



S progranms 145, other program nodul es 146, and program data 147 are given
different nunbers here to illustrate that, at a mninum they are different
copies. A user may enter conmands and information into the corrputer 110

t hrough i nput ey Qi ntin

comonly ref e(:[regeégfh 0 a@yg %g@ox}% QQ@%&JJQ gﬁ@@%’aaq pg'f%% tgﬁHput
devi ces (not sahphing pmysslth@dmﬂ}eutammtb:ermpﬂnﬁ@@s of eesirb et ingaiitonl 0 pad,
satellite dish, scanner, or the |iKke, These and ot her input devices are

often connected t dighdA proyidesSisaberigtictdisgramah ap eyemplansratworksd or fistresc e
| 60 that is ¢ S

nterface andohirunge A TRTRD LA bor i PR R RELAESEE, B BLOR
uni ver sal 5serdbjdctdltm, (W5B)c. akd gcﬁrﬁphlr@sbbydnts&rrfdaeeeﬂBHIa SLOb 1 G, b tThekd dge
may al so be connected to the systemb ﬁl Nort hbridge i s a _chipset

that conmuni CHEE HRY HOIPH%S ags: | e sieesngragrmpbly Ogé%(ftcasgftﬁ’res
responsi bi | ity ) YR Pms One or
nore graphics f)ércgszzrgss?ﬁg&a%}@gt &%@%ﬁ%@%&;&%ggwt eh\(/%/lgti.tP gr aphi cs

i nterface | 82¢levisionkiMP3 elpyed, te@idsorkSperspmmabeanputers e uEw:hmbjedncqm menory

t , h t t d
ooy go depamiaeie pihetRer dh et B ohnt ths RO ErianS Se Sk e Takor  and
thus a vapi etrbét»@érkq%r%mmsgsmbp&snﬁmmg%ecﬁ%u%ﬁ hﬂngﬁcm&ts%atllo A

moni tor 191 or other ‘type of displ g device is also connected to the system
bus 121 vi a awmovide esr¥igeeto thesystans oblgi 8o [t mcerdancewitb@n asgactof thaynventiowr n

h ddj l
ay al S0 i el bobERarpart Shelal Coulght T i, PR obu RRkhdh apaliasP TR HTRR,

printer |96, réfliceftermye HenplidgrResiRe 25 t hrough an out put peri pheral
interface 195. The conputer 110 may operate in a networked or distributed
envi ronment usi ng [negiigaputed perapetingEChisCyife COMPHISHe Mhishghey kayisptadaionallyuch
as are e r 0 r r

conput erﬂ?%a g)g?ﬁ)ggre% sole%, ast c-m:ﬁts gé%ﬁnﬁgtggge& a?’ $I§9ngn%ér\r}?eg\e/é"soar?ﬁogﬁg§tl as both

net wor k node,cliamg ahd peroaJsI assummgudﬁsevmye mrmalt Efficht fdaeh@ﬁbt@bﬂmmss

descri bed above relative to the conputer 110, although only a menpry

storage devi éedycss thedead ubssryqrs @Fﬁgg’t“@d‘ 1 qf tles gjientsgio a‘T‘F’F‘és reé@‘ilréé‘% aV@HF\Wé@Pl ons

et vor k. (wan 1o 5o e 8RB A X e P dtheg oo

net wor ki ng erT\eunmmsmmlmgaaesnmmmmnlr(mnee mth(blnmp;r,esant fivestson @Ay @npbese- wi de
conput er et S ntranets t he | nternet n used in a LAhl

ot o ki A er G GHHLATORS RO PBES SCHoia S o bt ATEE ™t F TR 1
through a netnw&kl nterface or adapter 170. When used in a WAN 5 networ ki ng
environment, the conputer 110 typically includes a nodem 172 or other means
for establishi ng @bmhteé@pmngng)w efthleusispas 28lives getvices andheapahilisiep atore The
nodem 172, Whl i | th
Systom bus 120 0R0 3RS DR Bop tp SRR oB P, FRUBSEL T ph by fon
mechani sm | mn(ﬂreﬂﬁta/ﬂéééﬁﬂ) 8 \pofrd IR datPis @ghamadedihess degivotiechchigat i ve to
t he conputer B)Ol’tl ons 10 thereof, may be stored in the rennte
menory seor a@’é‘-CBWFIBe b YES C@ﬂp@mqi%aﬂwomtmg RetRrksd dyrpgicadp
illustrates r QgL 3 ry device
1B1 1t i 1 e e A AR R B ST A DB

exenpl ary andomhhmicaeemuekings bébiforstitiog backcaninforth cagéintnmay aisk iheheesskst he

conmputers may be used. | S Exenpla Distribut dCo ut|n Fr anewor ks . or
A Ohit eet ur obrpehE SEopuRRer SR ESHRNEN T, P Bkt HSERAO B iAke
bei ng devel opgatls bR a8k Odhah HEtr A0 YRWY 8EEh £k ﬁ%rl&%ﬁ'@'or GefRHineRdomAM Lt he

Internet. Individuals and business users alike are provided with a
sean essB9 i ekavopreuabpea s yslstemidbelo it affests ﬁ@elefvmrka@]dlspna@f oher and

or ot wor k- o et s AR S0k Bl Sl RESAR Ao ol b b '

servers, bui lpgichige bt pEYsi @K bR6R, in DHE br MmSr\6batldas el asitiey Bldtaae aidure
downl oadabl e devi ce software. Generall y speaking, the .NET platform

provi des ( 1S§mpheg ssyices iy of reabdity HeSushtaisyEemange of conputing devi ces
wor k toget her and to have user |nfornathg autonatlcally updated 25 and
synchroni zed on all of them (2) increased’interactive capability for Wb
sites, enabled by greater use of XM. rather than HTM., (3) online services
that feature custom zed access and delivery of products and services to the
user froma central starting point for the nanagenent of various
applications, such as e-mail, for exanple, or softlvare, such as Ofice
.NET, {4) centralized data storage, which will increase 30 efficiency and
ease of access to |nfornat|on ~as mell as synchronlzatlon of |nfornation

.



nodul es, thereby increasing productivity and reduci ng the nunber of
programming errors and (7) many other cross-platformintegration features
as well. 4~hile exenplary enbodi nents herein are described in connection

W th sot-ware r e“l‘?hﬂ%l%ﬁn%@ﬁ%ﬁ%&& 0 9?8%‘8&; sl Gs P od Al b%%%t{e&%ﬁ afibkhe

invention may al so be | via an opefrating syste appl1cation
program ng idotrgutiag dexiddl)a, dOb.ztd. mwi diida 1h@in stcobjtes] althetigiedve physiogdr ocessor
and requesting object, such that controllable texture samplin rvices may
be performed eﬁy{ro%lﬂﬁrﬁdiﬂ”é?&?ﬁi THlothoxc e SeuFClFd gledices grconpiers Srl&h@@a@@gondﬁd
servi ces, andy Elpl) Shd HRWHSEcAHDHEA R i3 ¥Siltkd
Cbntrollableq%%gluﬁg géﬁ%l?ng %%9A§ describeék?ﬁq?%gﬁgéﬁzgsguﬁé, fﬁere are
a nunber 6f dietdréredrbnipesingivguess dipat! demnebmichppPDed, tetevpardspMP3tpgaten, e

sanpling with conputer graphics de din n the plication invol ved.

The probl em e[t%oﬁﬁ’n%ﬁ‘far? %l%f’ﬁgfucg‘r?ééntgg?@ét(ggw &HE“"E @‘E‘ﬁ'ﬁ‘f’“&:}% is fixed wthout

much flexibility spghe &Jé%tvahgtylﬁfisgé%é}néiic'bﬁifl!ﬁﬁérﬁﬂ(’aﬁ§ n8fwodle cOtfoupMich§that O t he
i

texture sanpling technique selected, or t he devel oper shoul d desire
certain arti fsappet disubutedsonpubng enyipgments. tHee exandple ceomiputing syst¢res ay bbe
done. Accordi ngl he 1 nventign appl.ies intelligence to textur.e sanpling
al gorithns sc?oﬁﬂ%%eéatoﬁgbgl bc?'p‘g?glil%e Og&lfﬁﬁéaysr%lp% bg ﬁ%c EBFﬁWZkastq{é" Lﬁ?%nt end
enabl i ng 100" &liAMP@BE Getiv@isUCurEatp) mag éftthé hewbaakes toupldterotiRe éraetes/hh

t he invention thus take advant atge of the trend towards flex-function GPUs,
expOsl 11 g comrevfiesdbe infrasiiucipee Balalndistributedspppspes and ecapprspedvmante 1y,
and dynam c %Qﬁ%&%fﬂénk&%@ce to handle different circunstances in different
ways. Accordingly, Tn various enbodi nents, the invention provides, for any
one or nore of an Iapemztrefgorkirgteamiromtnéntgnhaode, at ddastiBlr dispdra@inekidrk and/ or

functionality in the graphics pipeline itself, including the GPU or other
copr ocessi ng tHeMEEMediakal Y <SRl SHNPCH AHTeMHeREStoedintchIas SBIVar tiesdatdboth
sanpl i ngeapahidiidi : icpyenti I Hes, i,0 J

For cont ol | 1 E e e, e (BUSRAL O il AIQERS KAEICR! RHRELSHET
ment i oned i n dehirebackgs dghttkwitcheomel dpplianaes nayiuse powei lmeffot t@mectgyitybDlaianear

filtering is perfornmed nmultiple ti s ,al Yo) | e. illustrated in
g, ah uhorSERYESTRR BIEA I BPPG R DTS an eo BT o @ B BRAE of
the screen, tpgskiRtpithiRthERIHOeSHINEH RS whi|ds BCE CEPmMBRE S} STRPPHhroNt t he

texture becones an 30 el ongated shape, such as an ellipse. Any ‘currently
known met hod<e.goHommnPNAL Ggt I, kuercprwerdines bripectiotyuYeidedraffihingy sateptherigme

001 P DeS L TR RSP Bt @ 8 L) o ATt

flexibility whgdmenaht a3 dened FResitalnddt eRdR] abdiierddtshtied @hlal QY EAYr the
control the size and orientation of the footprint directly. Thus, the

i nvention pr dpmgeithgnihrongs spsBrant eable grdris Bpigally siptahuterbin the hompysing

over nde" of . i i r . .

nodi ficati ontc£3 %(1%9{52&5%% g%ée{@dq%{é’g%r% 5?4 g,e enéggi%%g%gtgﬁg\tﬁ g(x/lg s ?)er C\l}fséeﬁ%tl
real i sm 5 inof esdid davicel- Bllgrfaldse astwok tivircaspeastant otlerathiauaby emergeiade, t he
invention_may be ytilized to replace the size and orientation of the

f oot pri nt> by brelpse] siongerdh ey pedNaraunssich R4t §° u&triarl?ti@a Ry REpEEded e
footprint w 4 SRALEGRPRMY WA d8fe Hiteret! 1RGRbAY 'E\Qﬁaﬁetym'd%p'aisdté dursk akedyi n
Fig. ~.A whereby ~u"eWand wn~, ~, define a replacenent orientation 6~ew
and define athdsteragt andkirasmissiapst data, stiétonseqienty, mhviog dirwepk cofmpiling

repl acenent ~u-e, ~ d ov~ew v es _vi.a an APl ., operati.n st.em..tool kit,
rvers. ot o dtvgten Ol e Rl Bl PREnd e aler B RERH PR R Thhab e
regard, todayesgurelsexmplitg6f %x@ﬁhi@:’&lﬁ e@BN afiCERYEmapkRNR cdidatce VR @ Pidsehthe
functionality to achieve this, by assigning and/or reassigning certain
registeréotol%ﬁﬁﬂéve such processing. The GPUs can al so be prefabricated to
handle this processl g kb BERLAGATRDL WTRY oo RS Rl SHIBHADEER PErEASt or
than presently used techniques srnce the cﬁlp no longer 17s 1AvVOl'ved I'n
conmput i ng t hatifia¢ deElER/EP slafeiafebtbyold, hehicippt medtknownduthengt o Sq@ngasgrent .

Wth respect to a nodification of the present footprint utilized in .,
connect i on mﬂﬁﬁvqfhlé‘gaﬂﬁg}é? mois) icr‘?@@ﬁfﬂrg JEAISPYTh EontERldieiostl/ Tatsytape Pipgramzed
to nodify the size and 20 orientation of the footprint by nodifying the ou
and av ordinarily utilized to conpute the footprint with offset val ues duo
and avo. This is illustrated in Fig. 4A, whereby du + Duo and w + wo def ne
a nodified orientation Ao and al so define a nodified stepsize so. Thus,

t hrough specifying offset auo and dvo val ues via an APlI, operating system
tool kit, drivers, etc., the texture sanpling process can be controlled.
Simlarly to the 25 replacenent, today's flex function GPUs can receive

t okens that represent the



functionality to achieve this, or prefabricated to achieve the sane
results. Modification, as decribed herein, contenplates any function of 6u
and Duo, or wand ~lvp Il Q sinply addition, i.e., rrultlpllcatlon

Capoment S SR Sy oEMELA W Do AR P B D Gt

filtering tasktabrklamercoBedcheddiecommiidrs eaich aéwto ?@mmth&a@l@w skt es
may be provided at the sanme tinme, and are both optiona i f the devel oper

chooses to al bowerdseanshshavmintormation e shewmetysikal Barause p@%‘{@éd‘fld@ﬁpﬁeé@(ture
mappi ng. Howe gd(;rmtaf I? sﬁarﬁ\ﬁgnlte'm%r?e %ﬂ%ﬁ*ﬂ%ﬁcktﬁethg? tgmgﬂ%ve th far %@Elg a?lg't' on to

suppl enent pre ues aC|ng an ing the
parameters t katowt@fmmmtdpen besxdrilfer \s}aem)he\rwaﬁemﬂaﬁrdbﬂgn E@&m@ iagMecations for
controll able texture sanpling. Also, as described in the background,

exenpl ary equerfosming WCIBh%EidrP@&’faUPP?r PleierigrseeRensiaHy tothonbsattishonr di nar y

skill in the grap r C
I "R, ngi‘?gﬁ%jrkﬁg&a%&%x%jb ér@f;g Lﬂs?f%mg&ﬂg%pof@es e ds 2 b) _
ab~ In furtheaflieatfhmlérnpa'et(t@mertmybndeamhltemmaﬂhee@heImVﬁ opender efd dassment
or 10 nodification of the as .and ab g%(g in connection with ”f 5) %near
filtering con%@%‘%lfhabﬁsestt BREEISRE 2B i06 BEAUP|1Q JiChgt 1shfeige S, {he
texture sgmpl %]O%uﬂﬁgce?@?ent Emepraé&bmeq u@@gm;pa ol e Q¥R @r | e Rhdt O RES a
general and the range of applications for its use Is virtually Timtless.
Thus, while m@mcmmveixémaIaesthozfprpglanus'@ieanhenmromseledhmItlan/\reqrn@tadmhece
NUer ous exarr‘BJ es ?lf effegts in conne Cti.on. Wt nl%/entl .0n can
g

be used are gVVRPRAVIPRE HLORGrGUNET pﬁgeﬁam@&qt%qﬁgﬂ pﬁ‘i’%ﬁ'&é’(ﬁ O*Appty to
any texture sgrm Imgcpé;qge@%r Mmte&mref})akﬁcumw ﬂn@@oﬂ@élsvsi\&heaé&n@mshﬂhy
aspects of the mappi ng les of use of tHe invention, and exenplary
pseudocode t Hegasfipiter t at@cma@ sprisdingeprh sgsewcepprovided byirnotheesarpUiey €.6oRi on

bl I d f whi ch
di roct |y octtier oG Rarp R rER el 11 BT B e PG S or

per fornmance. diehfiGna chmbhiRf 10y 18P i@a6MNbe thoagRiUTdaeaevct htReehry 04,1108,
can provide sinmilar results in just one pass with a nuch reduced inpact on

per f or mance. 4t maiging thadwa thahis thensplisaisd indlg dicapprmpytersldpad 100, cte.
(vertex-level) dat

blurring is to occ‘%rS &Qlilgg%{ ?Aéllytrlﬂgnl%ﬁ@gﬁﬂ&%é;%?%gg%?%%Rle\';be\}é?%?g}régg%%gm

be nodified ofchepthededray. Tmmlmlfeylt pycess nayHeactingint hrsdedmpmitagsypaipard efes
A sim |l ar,_approach can be used to si rrulgte and/ or contr ol

ef | act | G FrESHEPTIGETHmaY be ILIVE S PErRd ERMBURETYAIEY ARTEBIIEHRE Mllnsce
reflections apdel g a%nﬁﬁﬁrﬁ@&t%ng Red i, ftl‘x{ﬁepr!)\hgl %'d@mbtﬁ&fiﬁj nefiotFand
approxi mations to specul ar T'ighting. True specul a i ghting cones from
envi ronment  relps/ingumuiipleciienéiv takecidmingegesofchnimdermsdinpigethaning oapabpitcabf y .
The techni quig%) of the invention enable anisotropic rendering of reflected
envi r onnent V&uch techni gques) are particularly suited for shiny, yet

ani svtropic surf ac@l%ntﬁhwé'er@éi cotr@iinidatdw b Beélanmt et lutifikink SRenbiorklial Nl ess
steel fittings and -23 can use eltherﬁ@er vertex and E r-pi xel

speci fi cafi orpr@'fldgchhqoapmjoml 1avet i ko esgmptsdHypertryt-dransesp mifpcmj (HAREPYisfa ni ng
par anet ers of | i i.r e

shadowi ng, rran%ﬁ‘?or? |0c?32{s%agl>%iusefc&ﬂtn %g Juﬂtg%o‘%@ﬁ%?%?é%ﬁ@%ﬁ% WZ%JO\E”
surfaces. MsTypidalllyhesampeehiteorksaddeess mlhyas périivirsal RekdurseLoddtarmiUmrat)ioon 5

effects, which areb defi n snoot h, ft.lighting effects. The
1?@5@3

doni nant vi sl nteﬁ%ré fotggo g 1 480 RIS HHEGRAVERYT QREERVRPYHA Lo fAcGher
areas cast OndWehe AEGATK aitEQILRHE YdReFId S URL dlacanticigladpndar i es
that clearly portray t roughness of the surface texture met hods
for conpubi ngoshatdnmmmaﬁ;bepgwactﬂdmsr a:emnmnhryatwsm@hanlom phrtwniagribe

pol ygon onto anot her, and are not shadows .bet ween
Pexals 10" on A8 Sa7EnFmygsn omled B ArbnT DAL AR HoRae- 3ar 53 e

speci fi cati onapici§adRimicaionect i on by modi fying or replacing the defining
parameters of the sanpling direction. Fig. 5 illustrates a basic principle
behi nd shadowi ng, and illustrates further enbodi ments of the invention. In

Fig. 5 an arbitrary terrain or surface T, A{o be shadowed, or lit, froma
poi nt source ps is illustrated, whereby t'he shaded regi on



15 mathematically represents the areas of the surface which are exposed to
rays fromthe point source ps. In this regard, the terrain T is defined by
a plurality of points, which, in addition to having a and v val ues, also
have a w val ue whigh cerr n t height of the ibnt of the terrain
T Ths. sanpl i ng Seed on op e dneringeor i Giel A5 R eles by b

i nvol ves set tyiflga ger3eDnsanphunigutidh ettt dlient soagiudérs RR M@waik/rs| @nvisth e and
20 stepsize defined by du, cw and ~w values. In this regard, the invention
enabl es the riEpIcAEENEHIONGRaXBRIFTPIORE]- I more defailyg rambenw? sy eed 0ax0BmniFng

the techni ques, ARk R 12 BHrRfitaOih\BLHER .07 GLADR RRYY. Atious e aw

value. Wth respect to ray-cast volunetric sanpling, curre

vol unet ri 6 r dngertet, e freeruet; etcs with awguritiee of olignter tendtatempaingoiznices el @, i vel y
orthogonal to the eye25 direction. This pr%duces bandi ng artifacts al ong
the edges and 108r lé%slw,%h%e\?oﬁu%%samf@ teeOmnUERT zandpeld cpA@PRigH RN on

enabl e cont r%'eﬂ@h@n&r\iggd@ﬁgﬁ&f od IBS Uk J,u@mam,i%r?g@ / 'E,fh%t.aeg?a&?ne as

well. The invention t es the specification or ion a 3-D
vect or, whi chhelbkemnicnerslandeevisiathelpresgndinvedionol is thhs cdntérap iatedthdtttler preswht
linearly fromthe vertices. Sanpling.could then be.done by .a series of

muf ti- cel | 3Bveitigh may. 9B to Ay FPREGTE eyl 1B Sonagetiny wih THEhf iedesprile o

Wth respect drocesehfappieaiyedsyol unetric rendering, when using this
t echni que in conbi naPi on with conventional slice or splat-style volunetric

rendering, either Isalrfetwerkdovirergnet iswhichithe eormmanicaitpns ntevurk/boahd bsthe

sinmul ated wi thin rend vol - i ntion thus.e les a
per-vertex s 68{8{9#’2}% f}@ppﬁéﬁﬁ%ﬁw#gﬁ a},gﬁﬁ,&tg;&a&p E)Q‘Ds/egansﬁﬁeﬁsgwgﬁ Wé‘é%aqbf}ﬁ

vector. Wt h dliggeecda,t1aoselicshadowed, stol doihiinicaté a6 h AGmbar HE&lcas | oop
| evel is added, where at each sanple along the ray, a separate set of

sanpl es is ca&setoeglsperhasdl BIRYi Parwens dRatlfbt efe mugiso swve esclieatsprl@ei débt r ue
vol umetrig r i,Nn ender i j . e Thi ' LS a
St ai ght for e BEaattngl dsr BG4 Rl B bleRBta BUR AN e B B Finkeh:

i mpl i cat es nm@enBigiatidng amdy ehaingbsr wioeledsewherepbprogribiar Ghehedevities h 10 Spect
to programmabl e texture sanpling and sanpling shaders, the key technique
reali zed by tIH&D; H\Pén]tliognlﬂg’ £16- HEY BWNER BOLLEHHITEHES I I COMMUBYEALGPRr , to

specify 10 diyt i J AT Yo) o feTaTHoNE N I I e
Pr ogr ammed vé’leﬁgésrkﬁbg (Ségmldar?% (Qﬁﬂ }(Ha]%t? ql{l)(}e?t ri ﬁI{ near ﬁglfg%cfn?ﬁa%?%lc JB%‘%E‘h WI%B{ h
and v w dt h ekamaploinrthpoasetoflkdiiet VCRd dieté manbr may nesbd onetpodgd aspebioethe

Chact no B0 °< SARPRBARAL ESRIARSAME T I E0i e e gt
regard, the icB¥@0lk 90a,aloboMs. rhef bSRfsidel Gatl \%‘1’09% g;lsq)ga}fei%rp%g'gﬁm RlodhleSof nge

paraneters per pixel in addition to per-vertex, iteration.
exanpl e, suclebiestshiFiSnd avithorsngediwns gf Aqcessdptvarions typesdstongdeca¢hsnthpur r ed

envioment TR, NNV 0B ULy pETSUHRR B RSPk g cocode
downloaded or migrated. Any computer 10a, 10b, 110a, 110b, etc. may be responsible
25  for the maintenance and updating of a database 20 or other storage element in accordance
with the present invention, such as a database or memory 20 for storing graphics
object(s) or intermediate graphics object(s) processed according to the invention. Thus,
the present invention can be utilized in a computer network environment having client
computers 110a, 110b, etc. that can access and interact with a computer network/bus 14

30 and server computers 10a, 10b, etc. that may interact with client computers 110a, 110b,

etc. and other like devices, and databases 20.

Exemplary Computing Device

-15-



for each pixel 20 { ConputeBaseW &u, & ) ConputeDuDv (based on std area
egn) sum = 0.0; for each sanple 25 { u=a+du; v=v+dv; sum +=
GetBilinearSample( u, v ) 30 sum= sunfnsanples (1,2,4,8) -25 Exenpl ary

pseudocode for a sha fo ilon blur .e.qg.. fqr,an ani.sotr.opi c bl ur

shader for sinul aﬁ%%%?‘ﬁsth%goqf?&lg glsvxﬂsﬁmgﬁ% ‘?‘Ber’i‘ﬁ%%o RIRpEC atoﬁ‘ﬁfg%‘ﬁéﬁlat es on
2-D per ver t eXestaiptioh 8f asuifbld @asputigkneiastingi kelhhthGarpitonBasebT V( &u, &v
) ReadDuDv fromtexture or iterators if per poly sum= 0.0; for numsanples

(preferably popEmend{ lashguldibe updgrstppd, kawsves timsthsndlickb apeinpred other v ) ; 15

sum = sum nsanpl 4, , d - | ar e.for a
sharp shad owcg;ﬁlp ﬁ%&é&%"ﬁ% é r§d %g%auﬁ% %BIJ &éss@éla&(gﬁg f 8%%&554%%%2%@@3&51 ng
shader, whi choiyieelichs wethahepehadawesdgeswhhiet gahdraMfirsRe kympufer Bfdedftibed

sanpling Wien it is determned that the position is in shadow, is as
fol | ows: du, bekpw, dvis 15/bus paexampleiiand dhe Rypsest Inyerfian syubciEnplementedpvabad from

porti o) omaglyhiey kg Bumglepenld ot ol s BRLEEL . YD,
30 a = a + dingvenfion tray &t émplewentid ih aybhvivoawmedyvof vermodbad he€&d services in which

very little or minimal client resources are implicated, e.g., a networked environment in

10 which the client device serves merely as an interface to the network/bus, such as an
object placed in an appliance. In essence, anywhere that data may be stored or from
which data may be retrieved is a desirable, or suitable, environment for operation of the
controllable texture sampling techniques of the invention.

Although not required, the invention can be implemented via an operating

15 system, for use by a developer of services for a device or object, and/or included within
application software that operates in connection with the controllable texture sampling of
the invention. Software may be described in the general context of computer-executable
instructions, such as program modules, being executed by one or more computers. such
as client workstations, servers or other devices. Generally, program modules include

20  routines, programs, objects, components, data structures and the like that perform
particular tasks or implement particular abstract data types. Typically, the functionality
of the program modules may be combined or distributed as desired in various
embodiments. Moreover, those skilled in the art will appreciate that the invention may
be practiced with other computer system configurations. Other well known computing

25  systems, environments, and/or configurations that may be suitable for use with the
invention include, but are not limited to, personal computers (PCs), automated teller
machines, server computers, hand-held or laptop devices, multi-processor systems,
microprocessor-based systems, programmable consumer electronics, network PCs,
appliances, lights, environmental control elements, minicomputers, mainframe

30 computers and the like. The invention may also be practiced in distributed computing
environments where tasks are performed by remote processing devices that are linked
through a communications network/bus or other data transmission medium. In a
distributed computing environment, program modules may be located in both local and

-16 -



h = sampleH( u, v ); // get height if { h >w) // if height above ray
return 0.5; // then pixel is in shadow 5 return 1,0; // else it's fully |it
Exenpl ary pseudocode for a fuzzy shadows surface shader, which conputes a
fractional shadow val ue \%y di stri.buti ncg t he shadow tg cl oseésf% occluder(s),
is as fol | ows ™M “HPIHAIPESTEDE HAIENS BEMIOSHSIGFASE LEHESs B Slien] §OFs may
(iterated fromtumrdehesys skpler gadd3. pi xel f Conput eBaseW &u, & ) w =
SampleH( u, v ); // init ray at this pixel 15 sum= 0.0; for nunBanples( no
need for pow2 ) { Bg=3Rthusdliustyfesjapskampleodnaridebls pynputingsysom girgpnsaiw, h

> o) e bt B R el B mplboisett, W EL R a0 BYers ¢

exanpl es of tdenpisiag @fstéh@niitorendrit 000 isuily 8 elaenplelbNgsiitapleQ@RpITHEY! €
vol unetric ray-casting shader, which accunulates and integrates trilinear
sanpl e val uestnvEgarerisaang is peidatendagfosaggesany imigtiontas yo Hgseercor Wew har d

e pate i T PAnt iR AG oA Gerbe NG PRI i Bohldnd IR Ameh Dol ent O

can be utilized 1n concert w the z- er tol e opaque obj ects.
I n such a casetermeedas hufihgany éadndayy be rgeirbacnedlatiag o ddyeone or 2émbidatibf er

may be conpared per sanple. Also, such a technjque could assune that rays
are al ways a\/ﬁf)FOFWBH?‘EgE{,usgﬁfEWWtlhﬁtex?'ﬂ?lé@’r%efaé‘t’i‘%@&ﬁ“?%?‘?ﬂtHQ@-e in accordance

wi th the pesult ofwﬁtpe;efé%wtocgigp%,eanoaa%ﬁ@tairpsyslt&h hﬁﬁ@ﬁg@%&; t}%fm{u?ﬁioﬂse_

of the invention include providing a progranmebl e sel ng vol unetric

f og/ f ur shadengluddsi xgenatal burpese coneputingdevisp irathe ttyqpeof ecmepiteayl et hod f or

vol ume data, but uses the technigues escribed ahove to conpute shad
rays. There ardPRAIIERPAf&ORRYET W%?“&ﬁl&fﬁ i;‘rlltgf‘r? ﬂ@qﬁ’é@éﬂtap%%ﬁm%ﬂ” e

way is to providenfiendB) ENERARE sAReMBEE DY thaNQUPRRNVAGERSIEER) confhodents
GPU(s), are pré-fabricated 10 to performthe functionality of the

i nvention, andclndingithesyssmmantonsigi theprocessingaindtol?Or dlhk apdtemtbax it 4 eagdmpl i ng
descri bﬁﬂ her ei e Anot1 er i LeﬂEréLuatsi on gf the | nveDnti on_incl udqs ]fmnual |y
or aut omepi calVy! SFALt ﬁi"ﬁg ECCOPT B S UEAT TP AR P g controtict, 4
functional i t ypeghhéraEmisD¥eIY ioesl busteing Rty 3ha apmst B biai BciRciurésO By Whi of
driver code, operating system standal one or downl oadabl e software object,
etc. enabl es %p@Plesand pe lmigtionyBigh jpEshitacfutss inglide Ingustrysyanderd Aehiigetera he

coprocessor. I A Icg{ggﬁ eI ANg! 'M‘éﬁ% teni t ed to
t he copr ocessgggplgi ln%hw{%% y ﬂg&]’:ﬁg‘p c:uggt(i on tbglg’n%wéﬂ%%ie@%o@ﬁggﬁssﬁﬁ%
repl acenment dledtfmids@sinpatdstApaciatimt GBS Of lotd @ut, exitl Pedplsaaplamgonenocess

transparent to the copr cessgar(s . Thus, the invention contenpl ates
i mpl ement?Png BisEEpne (B F EAlBRKINYRasY ARG B¥scri bed herein whol 1y in

hardware, 20 partly, i nBar1@Wehea@PficRRAEL 4 Yarddly SPEIR&G reABibIGhEdIRS @

sof tware i npl enentation.
Computer readable media can be any available media that can be accessed by computer

110 and includes both volatile and nonvolatile media, removable and non-removable
media. By way of example, and not limitation, computer readable media may comprise

25  computer storage media and communication media. Computer storage media includes
both volatile and nonvolatile, removable and non-removable media implemented in any
method or technology for storage of information such as computer readable instructions,
data structures, program modules or other data. Computer storage media includes, but is
not limited to, RAM, ROM, EEPROM, flash memory or other memory technology,

30 CDROM, digital versatile disks (DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storage devices, or any other
medium which can be used to store the desired information and which can accessed by
computer 110. Communication media typically embodies computer readable

<17 -



In an exenplary inplenentation of the invention, an APl conponent is
provi ded whi ch enabl es the specification of paranmeters) in the sanpling
statenent that identifies a direction vector for sanpling to occur. Al of

the variations described above wth t to nmufti-dinensional sanpling
vectors are gﬁggdﬁﬁﬁtgl F%W%HE& S%J?ﬁgigﬁ@?f“PﬂngtFPBa§§ ggﬁﬁﬁkgh?gﬁﬁed
for el evati oBudhl RReaEddt s cws ethef Ginspas nddBasifiadadvenclndeh Uit enatiender i ng,

etc. An exanpl e of such _an APl conponent for ogperating upon hardware
regi sters isdaivarymedias Thg toraeneddised fya snal”nmzens @ signgl thetdias apppemeesct ur e

set at st ageo#it?&a%c@%ti???éflo} chdhebdi Sﬁ%g}?h%a%hexlagxtggg{o%etilgfo%ﬁtgmfiﬂ%epr! nt
axis vO - 28 and sanpling countr~ bl en ing node defined I n declaration
of stage % asighil. Bt @ayohexapipdyardhbt, lirhitdt@apeenmumc@pn media includes wired

filternode=pr o%,r ammabl e, |5 sanpl ecohmt =16 wdth=1 ftlterop = repl ace

(app- speci f i B§dirugk a3 2 nired peirh P dikest ke opasetioBrand W g ess rpgdaasichas
direction ve rd: Sty | L &1:Sshadl :ont A he
2bove AP - SpASTELSJU Bl adBl R P o mo e EAIaRL PP Bhyg

Def aul ts, (Bphdwéphlacbe ifcGdedddthamthe sB)peMidompticomadabe tleidim. r egard, Defaul ts
define convention non- application controlled sanpling, .which conpute
stride and di rect& ﬁs¥569mg’§?rﬁﬂr}'ﬁlé)gﬂ’§g‘6ﬁs gomRUies sterg ?H‘eglﬁilglglergéﬁpew?llaf@ri ng
' al goritdm addol i vBRRlAGEmbHNGEh A8rda@ BhBGRSMSNAROMNAU {t snd¥ahdbARBIsEat i on

a
speci fied values. The Add function adds the application specified values to
t he chip conpemedy (RANDY 320 AdeastsrinpHeutie systerall 33 883 nepntdiniag theobrsicThe

Modul ate finction pultiplies the i cation specified directio ector by
the chi p conpuiBe BHeA e Ehslhin@RRH b o iR §lareeBisn T iR
enbodi ment  ofudikesthrivig s it@iical hatshe@IEROM PS!. Rl _IQQQY&Eal@Moﬁtdirﬁbgdai’Qand/or
dependent -read hardware techni ques to take individual sanples in order to

i npl ement  t herogeam spduies dirh prpuBrnasiateljacqassiblettp end/ospresendl beimgswicratgst on
o Tous ol <Pf ESLLER 4 L0k Do A8 8 AT, Pl
operating system 134, application programs 135, other program modules 136, and
program data 137.
The computer 110 may also include other removable/non-removable,
volatile/nonvolatile computer storage media. By way of example only, Fig. 3B
20  illustrates a hard disk drive 141 that reads from or writes to non-removable, nonvolatile
magnetic media, a magnetic disk drive 151 that reads from or writes to a removable,
nonvolatile magnetic disk 152, and an optical disk drive 155 that reads from or writes to
a removable, nonvolatile optical disk 156, such as a CD ROM or other optical media.
Other removable/non-removable, volatile/nonvolatile computer storage media that can be
25  used in the exemplary operating environment include, but are not limited to, magnetic
tape cassettes, flash memory cards, digital versatile disks, digital video tape, solid state
RAM, solid state ROM, and the like. The hard disk drive 141 is typically connected to
the system bus 121 through an non-removable memory interface such as interface 140,
and magnetic disk drive 151 and optical disk drive 155 are typically connected to the
30 system bus 121 by a removable memory interface, such as interface 150.
The drives and their associated computer storage media discussed above and
illustrated in Fig. 3B provide storage of computer readable instructions, data structures,

program modules and other data for the computer 110. In Fig. 3B, for example, hard
-18-



bilinear footprints, and thus is nore general than sone of the techniques
descri bed above. 25 Further uses of the invention include the use of the
derivatives of Nelson Max's horizon nappi ng approach to achi eve sel f
shadowed t ext 3 b ont iﬂ?fl | i a% t he paranmet er s ut lgiﬁ?nc' dent th Eeto
The inventio 1?1 Y1 4)gs tlgtsirate é@tﬁﬁp QH‘HBHW@W{B? BB?PEDg(a”?LS
detection o fothér?arog@ﬁqnwamgtmaoand Sogfhnt @4ehin 17, oﬁo&qhér&mes%sﬁpamu@@a%t ray
intersects the current z-buffer, 30 or when saturation occurs. |In other
enmbodi ment s dfithehee thaseme iapnr dl[ﬁﬁerﬁgt anamedpiesatingnpstemd 34 happéic gticargogaosi 'déd

t hat aIIowaI |thmccotro a Iin 0 aion as, de i be
various 29 Snrreduiounieiner i MR ghT hbSllns SUFELH. apblit Gn e o
achi eved SSUCﬁ}OQ{%nish@fSa&h&ﬂﬁrM%ﬁaﬁl Ma(ﬂudesr,h% §rﬁlﬁ}§ﬂo@9m93at§ hg3 erel ICITEITEB Rt  OF
the size of the kernel at each step so blurring, distributed |ights, etc.
can be nodel erdlmb@ss h@mq @W@dﬂtéﬂlﬁﬁeﬁt amnun@%ﬂbmmaudyﬁ@ﬁm@dpmm\glseﬁmti:henter
present invention a ofput i ng
devi ces and n@%ﬂ hn%ﬁ qg@géﬂﬁﬁ%&%@@ﬂﬁ%ﬁh}éﬁ hY}MJ élylé SH§1ega£prgl i ed
to any COWpUtHeQQOﬁQ\IGQQn@EmaMﬁg genica] 690 cerhimiohlyl ﬁfdﬂl&ﬁltdi aab& ﬁxo'u@e [FEtd:eTAlely
texture sanpli g@b Thus e techni ques for praviding inproved, signal
processi ng i o é?fb@r AptHleyIces ok shawn)imaydneitgna FUSropRONgpISYPIELK. EBME
variety a v o] of the
! vent | on Cray o Al R Bn8 bERR LETREAShARER: el BhERk B Cevi ce.
provi ded as a:oaﬁmdscaﬁ)eh@bqoceasmgomntmttilemglmeusaanmanrttexdzicealrmuhmns ohjpbaittp as
a downl oadabl obj ecg orrba serg , as a "m. ddl e n" S\Et ween a device or
obj ect and ¢ HBe REtIy Bpd 2 abitmay BF o bwfh@amer og andhRi$ FrRERD SUEhyAs 2
progranmm ng | AR &%ﬁ%@@kaﬁmn@ 9995 €A oRBhRS hi8Face 182, sucl
representati #é@gg[?lggusrpg)?\t0| ces, these | ang gja e): #yﬁes and %cfarrpiseus?lare
not i ntended a]sLthrthbbégé inmdyt dlsrgbe Q@ueegtd tmrths mesrtgm s 121, Nmrﬂhhadgcrls awhfset
appr eci at t there.are n wa I‘OVI n ct code t

SEh! eves Tohe Bikramrainic s i Teg i oae Peafiosite b F28 chdatm % Ssppsigtivy
achi eved by tfgeadcanentd g&@ph@ﬁoﬁ@mpy&mgmhms OHR 2% Ml dPe BraBRIce bibcERIn e
inplenented in connection with hardware or software or, where appropriate,
with a conbi natts §aPYs) bisimhay Tromunichie with gfeplhmj@t@fade b alnathisgegstrd £ %Us

present inve Iy certfin
formof pr ogﬂ§m%8ﬁ§f‘¥ mcé\}c% 9 ns rucﬁn%é}p ?ﬁg }eigl%{et?gtora%dt@é}? such
as floppy di %ﬁhﬁ@ﬁcat@ttﬁ@\ﬁided’tﬁétﬁo@rE&éeG}PLJ@I’ISﬂl,Fl’}bxﬁv&erardmﬁ hh@@xeﬁ@(ﬂé@bbe

storage nedi um wherein, when the %)ro gram code i s | oaded into and executed
by a macRPne,coptnshssanand BBRBURERY OF FRVTARSHNR deersdnBsd LR cafphinaomP U F Y

pract  ci ng. gl AVEAKLo) bPodS: hHECEASRsP Lo RECRLAN LR XN LA0Dus

programmabl e conputers e Co |ng ce W gener al i nc
processor, a 1§zﬂoznaage1m|mﬂ1ca,mucheadabideo hyelfm lﬁf)pwmfshmay(m mhmdmmginvcmlteawnhe

and non-vol atil e meno n& stora e.el nt s St one [ n
Govi cer and. iC4aHETOBHE ol HiTaIde R CET AT GPTBHE BED AP AHE A e
utilize the gj.gp ﬁéram\gﬁﬂ%h@gs SRA L SRAKEE lbﬁﬁnd{)f)ﬁﬁt@m% WK & be @orﬁlected
t hrough the use of a data proce53|n?
25 through an output peripheral interface 195.
The computer 110 may operate in a networked or distributed environment using
logical connections to one or more remote computers, such as a remote computer 180.
The remote computer 180 may be a personal computer, a server, a router, a network PC,
a peer device or other common network node, and typically includes many or all of the
30  elements described above relative to the computer 110, although only a memory storage

device 181 has been illustrated in Fig. 3B. The logical connections depicted in Fig. 3B
include a local area network (LAN) 171 and a wide area network (WAN) 173, but may
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30 APl or the like, are preferably inplemented in a high |evel procedural
or object oriented progranmm ng | anguage to comrunicate with a conputer
system However, the prograns) can be inplenented in assenbly or nmachine

| ALoage: o P ot stk RGeSt e SR R et coBeo e n "
net hods and gappad, atfises AntdrhEsedPi RERBIpliidY AAkIooKs, HMnak 5Ad BR 1Rfatdi ced via

comuni cations enbodied in the formof programcode that is transmtted
over sone 5 transihesivged metlt-An nedwetingsenywenmentetdie comahitend ¢ mgoonectetoioi ng,

t hrough fi be Pt or via any other formao nspil ssi on, rein, when
t he program @’Smgﬂé@g}lg}é%n%ﬁéﬂf‘ éedéaae Pﬁ?ac?pkﬁéegx%f’éﬁecgv a\gﬁﬁr‘?ﬂ\ihi ne,
such as an ERROMkidg edfifonalehYhe nf@driaoiphtLly ifguesdevib&sn (PLB) othar Cl i ent
conputer, a video recorder or the |like, or a receiving machine having the

si gnal pr oceBshpfgior apalishingicemnayiendisny ptsstha WA &fibIsaelyasibe dxtrodi. nBet s
above becormes, a1, AMBALALNS, £,Ulc iRARE LELNGLNG: L BXRBIION, YEDISD LRGNt ed
on a general - purposé’ processor, e program code conbi'nes wt e
processor toviarky iste iputiinitertiee ApPaor athes apfraprinpateahatsnh. 0l Hnawerkdde
functionality of the present inyention. Additiopally, an%/ stor‘?{ge

t echni ques u¥BAroICah RFREIN SRPANFSKepPIsEdpriadenio thegaRrytem! 1Pagr PHYARS abl y be

a conmbingjio nduSqbtwar j i | has
been desf?ri b{ehgpelforffh% nneé?rlegrll v}\}%tﬁ ?ﬁeﬁ%nﬁi‘?g@%%fe%%d;ﬁ,éﬁﬁg%ﬁﬁg 3@1% ous
figures, it n& limithenyRigedB tihetatchatmatt hpplication papraambiddi seadidinpey be used
or nodifications and.addj.tion be.ma to the descri bed enbodi nent for
per formi ng { RETOR A ol dh¥ }Q?H@rwaégfgﬁw %ﬁ@é?ffqrbﬁowemmshawiaaq i ng
therefrom Fazeggﬁﬁyfaha otheP hleBnEX AL AN NELSHRIKISANISIRRBRA SenQhe t he
invention are sciibed 1n 20 the context of a networked environnment, such
as a peer tocqemrtenataydreksdd.envi ronment, one skilled in the art will
recogni ze that the present invention is not limted thereto, and that the
met hods, . as descr, bed. | he-pre applicatiaqn apply to any conputing
devi ce olrSa B S R -'-s-a—-a° OISR ¢ conput er,
portabl e conput eryagées dist¥ibelel esmphtidfrhewbkeh@ssheeR Bl ARl RRBlbbedint 0
any nunber of such 25 conputing devices connected via a_conmuni cations
nerivork, ankightef dreonvergenrerad Persona campidrgandrthe inernaio fudiviguals pesd b epingss
enphasi zed t - ' - inGhudi vi ce
oporati g sy SebKEAR Bbyideh Wil RIesRy Ak bRyl WE B lA0HRE 1

cont enpl at edapptigpeisahll yoraputidpedavisebanakifig wommlimgsicietivoinkedsidglyi Wels
continues to proliferate, Still further, the present invention may be

i mpl enertled 'i’r_ﬁwé?r gaeqrersgiented| yrality of pr ocessing chips or devices, and
storage may sim | a5l §aBB1LMIEREFORED QSNETF flhtkAl ihEMdé&fseFU%Yé,‘Bﬁgdiﬁ%-'fb%&f0re1
the present invention should not be imted to any single enbodi nent, but

r at her shoul stridees; euvhtas WEeb-based detadtdiagerrdsivopéoaidabladedrd softrearai Génetdiy

ontrol | abl cPERKPEr Be RPN eEREFT HE el efiagPae  FEaBitiite

paranet er of canfiAip!detded ROHNOESherttinthd BOE isBr HEIRRAGEA BitoMdati bl fyapdiic
sanpling of a texture map; and texture sanpling said texture map in

accor daride vindsyseliranigpden plil efithsar fhdnueascdintgagtiiedapahibty fayWebottes.i nt . 2.
A net hod acc i t | i i pegi fyi I | east
one of ( 1 ) B Beftlslol AME LR A ENARES! ol BRerk 0% e Rahe o 20

| east one of fisedmived akedsaind delivery of products and services to the user from a central

eny JLIAIH ALY 4

starting point for the management of various applications, such as e-mail, for example, or
software, such as Office NET, (4) centralized data storage, which will increase

30  efficiency and ease of access to information, as well as synchronization of information
among users and devices, (5) the ability to integrate various communications media, such

as e-mail, faxes, and telephones, (6) for developers, the ability to create reusable
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said at | east one standard paranmeter and (2) replacing at |east one
standard paraneter with at | east one replacenent paraneter. 10 3. A nethod
according to claim2, wherein said nodi fyi ng i ncl udes at | east one of
addi ng t he off u nda nete the of f set
val ue and the&' é%gndglﬁb$§¥%ﬁépgpﬁ)aﬁ% 9‘5@ mfﬁgm% Fﬁgnﬁnd t he
standard par af@tand &5 radhyeXPaRestsplafdpinriae taﬂgntfmurai ﬁgs\eéuval ue and the
standard paraneter, and perform ng a predefined mat hemati cal function based
on the standard pAfhilfexenpindenbedipenisdereinirgdesqribed a1 connpgitaioditheefbraik ng

to claiml P’é@%‘iﬁé}}é n%l]?tﬂg%bﬂg Jn%ootrl?ﬁdrgh)hl%né‘o? x%de’ﬂﬂoﬁ% &%’is'orbt from at

| east one of process, i near eri ng proces

M P- mappisng miglemssied aia aardpsaiting pysterh) dppticitivg ;ﬁ@@ﬁ@&ﬁn@ﬂfﬂerﬁi@e @API)aJrlaaSI ng
process. 5. A nethod according to claiml, wherein said specifying includes
speci fyi ng sanifidtg mpRadYed ﬁ@t“ﬁ‘éﬁ AIFEPIOFESSPT ArEd8questieg elticqetuch dhdt sqiitzglibiser

I d t
o el L1 ComSE}d RuptARd 20 st SRl AR g ERr O 19 12

met hod accor .dﬁEi@s ﬂamgudl@s ramd semhes, canahnsahet dpeabiteyicogputied iglaswsiieas fvgllng at
| east one of a stepsize and an orientation of the sanpling footprint. -32

A nmet hod accqrdi % claim5, . wherein said specifying includes at |east

one of speciQ@@H@~E&£§§§Eﬁgém8¥3%anples in a adirection and specifing dv
spacing @ sanpl easuschib¥d Hith@ﬁ&d!égfbuna théreHRé Hﬁdmﬁ@ﬁﬁ*(ﬁiff&gnttt@clﬁﬁ%fmthat
wherein said speC|f{|ng i ncl udes speC|fy|ng at 5 | east one of val ue, a

w val ue and <en-hg apaliekto pp@fomtmm@mb@@w@hﬁgmutecmmcs depsinding Lrposaiﬁm

speci fying inc es .specify. 0 n Iue a n al ue . f

P mmear: o Rk b BBE tnodBn 38 b SRSANR ek Bl il Bled s

to claiml, whesfinuchaieditibtyRutital Fahyuk Bircirstaited Biligeaiot 9@kdd thithd @mum@
sanpl i ng footprlnt 10 12. A et hod accordln%a}o claim1ll, wherein said at

| east one paﬁamﬁéméﬁeqhﬁtquedélgcta@ of afzthe deyrdonss s Wd@@temﬁalarmtlfactgp%hﬁg of
ani sotr o ¢ dﬁp & KRR B8 e%@l?ﬁltﬁégaéﬁ% d%e”ﬁk&?ﬂﬁngﬁc%%v”&n R M L.

wher ei n Sai fEur'e sanp I'Ng o exture map’in ac afce With said
speci fi ed pamaﬂﬂ&ge@bstoaﬂektarssaaiphhgagondnﬁs sd thuted deakfopett is affopied ehors f@edom
resulting fromsaid texture sanpling,. and said at |le S%a %gd V]theutgcl:hnclafl}‘egct
i ncl udes at atthe front end enabling more dynamic texture sampling at t q
of the invention thus take advantage of the trend towards flex-function GPUs, exposing
controllable texture sampling for developers to apply on the fly, and dynamic

20  intelligence to handle different circumstances in different ways. Accordingly, in various
embodiments, the invention provides, for any one or more of an operating system, driver
code, an API, a tool kit and/or functionality in the graphics pipeline itself, including the
GPU or other coprocessing device, a mechanism which provides controllable texture
sampling capabilities.

25 The invention thus provides various techniques for controlling texture sampling
processes via programmable sampling. As mentioned in the background, in one form of
anisotropic filtering, bilinear filtering is performed multiple times along some angle. As
illustrated in Fig. 4A, when the textured polygon is at an oblique angle to the plane of the
screen, the footprint corresponding to a screen pixel mapped onto the texture becomes an

30  elongated shape, such as an ellipse. Any currently known methods for computing the

correct shape to use for this sampling footprint base their computations only on the

relative geometry of the screen-pixel to polygon texels alignment, and none provide
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15 | east one of; a blurring effect, a blockiness effect, a texture sw nm ng
swi mm ng effect, a pixel-popping effect, a tenporal aliasing effect, a
texture shimrering effect, a texture crawing effect and a streaking

ef f ect thodacor ng,to c erein |dtexture sanpl i ng of
sai d textureﬁﬁglgﬂlt?‘lwé’é Skl dw‘f}ﬂefafa.%ﬂdé%é@v%aﬁ PeAcaPEOk g pigF 880 a
triangl e surbaggatich SChe @6Rpralt dd@ctle ahbis, ARCInEntdon! droNbieehrRLE BfetharfsrRUfR

mappi ng effect, a blurri ng effect, a reflection bl urnng effect, a Fresnel
bl urring ef f eebling eitherisl {mapuek ¢vsstde’ anlﬁhﬁ/&Um@HManlﬁa‘t@@s alr@dlylmefarrwcbggl ng

Cr anspar oncy ‘PPebp ot ee PRl e ey Bl G Otk AP AR B liennEe

sharp shagowimgaefiheotD ghaphitgzy shadowi ng effect and a volunetric texturing
effect. 25 1 ~. A net ho§ according to claiml, wherein said specifying of
at | east one par a?f‘élﬂezfesp%rqm@gnl@agéwmﬂ?rtge atvemecasmabh@urplaz«‘:éﬁ@mﬁaqgfthg
sanpl i ng foot . pp! a sai,d s

further incl u ééﬁ%on%‘%no%l edﬁeg f\;/ng? f%%l%‘{g ééltaéla'%o rglrl?fmgll %h%firectl on

vector of t heorﬁplﬁtplthdmofp@mt WithméplacleﬁlenAva‘rEésmde@ﬁﬁcﬁ\q&ﬁgfﬁls)lsﬁll@dtmdd in
wherein said speC| f){1 of at | east ope paraneter includes specifying at
| east one paFg@métierner % Agep3ng %ﬂﬂﬁ\é@f”ﬁf‘r% feplacementgsisniagian Sov prchdefingife of

pecul ar ig%wafr?gﬁg%tdﬂsdal SeRoTh R e P P B AR e

per-vertex and apeXPlpoparhtirgpesief, @raﬂilmndrdﬁers anplthagxdire eciplmg ppdcekhean be
sarrplingfoot rint 7. .A nmethod ac or ing t aiml, wherein said
speci fyi ng of %&Olkéaﬁt th&d@%ﬂéﬁ&ﬂ@f g‘a ﬁa‘égl’ilaéevrwwg talens dhal pengrent
parameter of 4 fﬁﬁ&ﬁhhl&i} té Qotigvd i, Bmstslg%n@ dn@%r%‘is&%ﬁﬁﬁJc@rtaﬁﬁ'rég@t@x%@@"“ ng
and said specifying fufther includes applyling per-pixel specification of
sanpl i ng di r edtigversuci prokesssgnplhier{sP f ownprdortte, pr&ﬁbndntenbibﬁmddlactkmepdacngnmg)

claiml, ein said specifying of  at t. ope ara ter | udes .
ooty SREp Bt el S ok Pl e BB e i BB e T siace
surface sel f ii3RafoNd RAgand irsalvdd sPEeGhpitingdné inrbllﬂ@lreré NG twpymgm
per-pi xel specification of 15 sanpling direction of the sanpling footprint.

19, A net hoddwman@m@lﬁ claim 18, wherein said specifying further
e epec ! AFROILPlo PREATRLRLS AL ASLL VAR S SR EHLALLRNT 8 i

Nel son Max's hori zo accor to C
sai d speci f yihe@anibirapic |t@&ﬁiqu@$]®hepmf/ambh@ﬂiay2£b utnﬁbwdﬁsm@@ﬁmefsyzemgdat I east

one paraneter of a sa I|n oot print that applies ray-cast volunetric
sanpl i ng?0 wherait#ianRd thy quih%tqgitbe é&r%ﬁqi Argrdinenlydeidized locGompuse
vol une up ingQ t{?ﬁgé{ ?BQL&%ME& X °£&dhz9x%°r’r%s 59 @sﬂaég“r‘n Bl Cg[r gal Lv‘B?x Gg%usﬁ' d
speci fying fiir i nc es speC| yi ng the sanp Ing direction of the

sanpling f oohmamﬂt&v and, defiek & eedificd osampliomép andalsodiefiné b ercdt fiadedtgpsageph.yi ng

the specifi e’? hus, t ougq-xgspgznrfyelgé |0an et Aug and Avg values via an API, operating system, tool
kit, drivers, etc., the texture sampling process can be controlled. Similarly to the

25 replacement, today’s flex function GPUs can receive tokens that represent the
functionality to achieve this, or prefabricated to achieve the same results. Modification,
as decribed herein, contemplates any function of Au and Auy, or Av and Avgnot simply
addition, i.e., multiplication, exponents, square roots, subtraction, or any mathematical
function F(Au and Aug) or F(Av and Avy) is contemplated as may be appropriate to the

30 filtering task at hand.

Both the modification and replacement capabilities may be provided at the same

time, and are both optional, if the developer chooses to allow the hardware to behave as

usual with respect to texture mapping. However, the invention provides the developer
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2~ 21. A nethod according to claim 20, further including detecting when one
of a cast ray intersects a current z-buffer and when saturation occurs. -34
22. A net hod accordi ng to claiml, wherein said speci fyi ng of at | east one

par anmet er ingcl udes ecifyin Ieast on ar anet er | i

Pootprint ¢ nde zpor FoseolnedpReuEaRruRe FebaToraelring i cE aigh i 5
Wi th convent paamkiesd theedd@ine SR @ktusd h 1B IFSUTBL £ 16 a£18BEEIInNS1 ANE 1S@ird
speci fying further includes applying per-vertex specification of sanpling

di rection of saminganpl i ng footprint. 23. A method according to claiml,

wherein said speci,fyin S direction vector of-the
sanpling footpri nfé‘fl%)i’ gsgaﬁcﬁtﬁ%qggl}mtgaﬁg%r OXH(E%X%RPfafye%as%a?%lﬁset%f)gjﬁ‘gﬁar fbléelrg‘tgi ng
system o i VRfiowerO@Ethosbap@hhrgakilbn o Qx@pﬁm?medsmg%hﬁ@@de thetfBRbwinigt and a
coprocessi ng device fo‘rgd[)r ovi di ng the controllable texture 10 sanpling of

claimi1. 25. A no®uf Bt &dr tata "dl§mal carrying conputer executable
instructions for per the thad of claim1l. 26. A conputing device
conpri si ng neans ? E' 'én%o P ﬁd)n(ﬁ Elﬂet hod of claim1. 27. A conputer

r eadabl e nediunlfBﬁﬁnf@yuﬂ)ng,controlIable texture sanpling having 15

stored thereon at e co e executable nDduIe conpri sing conput er
execut abl e i nstr ublt ﬁ&f}gf ¢ gﬁéﬁ ﬁﬁﬁ&"ﬁ“%’t 1ghies deel RSt sal %%ﬁ?}%@él ng:

speci fyi g %og&ﬁéﬂo@mhpara}{m%e@a‘n PR W, &198;1 b et c'oﬁg)‘atdu'an

connection wth texture sanpling of a texture nap; an initi texture
sanpl i ng sai txbmemﬂuamamhpomah lgecof aeitrobovar the stttk |ppding lpaﬂtem par anet ers
of said sanpli ng r| nt rrpute r eadabl e rredothum acc rding to

claim27, wherei n hlgﬁ‘éetgf‘)ﬂ?f’ﬂg ‘ﬁ% d‘é‘éen pn pregEpeighan (anjge)o nodi fyi ng

at | east Oneaﬁpﬁlagw&ﬁsctomsr&@% Girtublyy ﬁmfelsé y’rm @hﬂ& ﬁ@ﬁéroaglexa%glése&flvsqlsee for
said at |east one standard paraneter and re? acing at |east one
[+

standard par@eptevidad hetovaand whie n@merorlepxa@@zé ffsais ametreecti@bwith whigh | east
one CoO Lg[ er,reada i um,accordi n

e ot " ik SREABT oA e AR R B oo 2B ipVERESL iR Blgeg B S N

parameter, ndldnlRétiRGamPEn@pioseds fakbieh aeoidldBe JEHABRIE cHRFANMBHREs of the
appl ying one of the offset value - 35 and the standard paraneter as an

exponent, subepRiggi ng the of fset value and the standard paraneter, and

performng a predgl]Nad, SAIDGHR! iffnibH Ak QPmPARFS Qo bAE tt?e&e?f‘&}j,%edthus

provided below.

20 Current methods for motion blur require multiple rendering passes, €.g., between
four and eight, which directly results in slower performance, e.g., four to eight times
slower performance. Using a filtering approach in accordance with the invention can
provide similar results in just one pass with a much reduced impact on performance. In
such a case, the invention would apply iterated (vertex-level) data to control the direction

25  vector in which the blurring is to occur. As explained above, the direction vector can
either be modified or replaced by modifying or replacing the defining parameters. A
similar approach can be used to simulate and/or control reflection/Fresnel blur.

It is possible to generate anisotropic surface reflections and lighting effects for
diffuse lighting, and for some approximations to specular lighting. True specular

30 lighting comes from environment maps, which current techniques cannot sample
anisotropically. The technique(s) of the invention enable anisotropic rendering of
reflected environment maps. Such technique(s) are particularly suited for shiny, yet
anisotropic surfaces, such as lightly brushed metal finishes on stainless steel fittings and
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paranmeter and the offset value. 30. At |east one conputer readable nedium
according to claim27, wherein said 5 sanpling footprint is a sanpling
footprint fromat |east one of a point sanpling process, a bilinear

filtering process,..a.MP- j r . ani sotrgpi c,.fil.terin ocess
and an ant| ariaups g ceRel y P iR 3ie AR ST S urssia ) HRARERE
accor di ng t oo€tepialingihe dbtaiieg parsmedrsefane §ammmg diekusies speci fying said at
| east one paraneter. at |east ope of per vertex and 10 per pixel in

connection with sadYifh reesachioesusiappsslhghadgyingamani feehnigies edvphat eromeadahl e

medi um accor fx@gliélg' %loi'sﬂl}fgcjes. NigErlaPPlest &%hﬁiﬂh&gc htoﬁf e MY AR Mgﬁlxgna%i@hd
t exture sanpling. 35 A% EAst one comput'er Feadabl € medi um accor ing to
cl ai m 27,5 wheffeits) vaaditlars peclefiyitiog simooth, skefs liginani dffecsgTiad ddreiastit onal ofipaat
stepsi ze and gn orientation of the 15 sa%n_g footprint. 34. At |east one
conput er r eafbipugh SEdREHPAREDIAMALE TBdRVaN hiEherreAssAs cdPyesBeats f’@iciﬁq

i ncl udes at ; E i i ' ' ' i on

and speci1yi R By SRRy SORFLLIGP AL, RRALDT RSP RN Rs S B ER

conput er reattahire Otheli mathadctor domguting shaddws B13-Dvdraptedscasainty @6t spdews yi ng

I ncl udes speigri fying at Ieafofa one of .a 4u va ral ue and, a dw val rse.
n

b AT ot FamterbdeDiron it anddt ton Bl oot Bt SragPRe s8niti 8

said SpemfYBxﬁ‘gleisaﬁﬂe%ﬁﬁigolﬁP%Efoieﬂ\l%rPfh;@s %p@@p@lspixaﬂgﬂ@cigggiﬁbf?angaﬁgﬁe for

use in connection wt Ilinear filtering computation. : east one

conput er r eadiadsition iy dnedifyirgorrdplaging thecdedinmegrramgtens off thessaingliag dgagtpini ng

footprint is an apisetropic filt.eri.n | i.n ootprint. -3 8. At
| east one conpute & gé@‘ésgﬁag“ﬁé’a?‘ﬁﬁ{“ag’sgera%?w& Sﬁgéo_(‘:”‘fl Erﬁ“@ﬂ‘“i}bﬁgﬁm‘ e§ai d at
| east one pag@ABBdiflenisREhiaseraion| BASE. NN atfirarydbi 46 bl QRfRBA, & SPaci ng of
anisotropic filter kernel sanples. 39. At |east one conputer readable

medi um accor #ladgwed oz llibi fiam 7 poin Kaipes ps Wabustintedowhereby theghadadirpgioad by sai d
initiati 9 t%ﬁh%ﬁl%tiz%ﬁﬂptjebx%gen% th%%}éls B?fﬁ%%ﬁamkﬁ EH%%%BB&%QS ?ays from the

point source ps. In this regard, the terrain T is defined by a plurality of points, which, in
addition to having u and v values, also have a w value which corresponds to the height of
the point of the terrain T. Thus, sampling direction for shadowing or lighting in 3-D
typically involves setting a 3-D sampling direction vector having an orientation and

20  stepsize defined by Au, Av and Aw values. In this regard, the invention enables the
replacement or modification of Au, Av and Aw values extending the techniques applied
to the Au and Av values, described above, to the Aw value.

With respect to ray-cast volumetric sampling, current methods for volumetric

rendering require slicing the volume up into polygons relatively orthogonal to the eye-

25  direction. This produces banding artifacts along the edges and corners of such volumes.
The technique(s) of the invention enable controllable avoidance of these artifacts and
improve performance as well. The invention thus enables the specification or
modification of a 3-D vector, which determines the sampling direction, which is then
iterated linearly from the vertices. Sampling could then be done by a series of multi-cell,

30  e.g., 8-cell, trilinear samples, or by bilinear samples.

With respect to self-shadowed volumetric rendering, when using this technique in

combination with conventional slice or splat-style volumetric rendering, either self-
shadowing or self-illuminating effects can be simulated within the rendered volume. The
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with said specified paraneters alters at |east one visual effect of pixel
space resulting fromsaid texture sanpling, and said at |east one visual
effect includes at |east one of: a blurring effect, a blockiness effect, a
texture sw mm ng. sw nming effect pi xel poppi ng effect a_t enpor al

ali asi ng ef f’@(‘,’f’mmé‘ tbe&twgesemem@thr@eeﬁfgw Orénctfléfi‘tat}loé of 2 olp Fﬁ"ﬁplﬂg ef f ect
and a streakal\g\%ngif‘fvg&t)r 40. At |east one conputer readable nmedi um according
to claim 27, erein said texture sanpling initiated by said initiating
texture sanpling %thsrasmtctte%lfmbadmdlwhan@m cnosting, tamestad mb@rje‘mlﬁs ed

paraneters textures a fri eto achi eve a st one

Rant ng. of f Gt SRR AR SRS ALTEQEt ven BRI o o FCe 5 CrUprRBE o

bl urringsl Sn?éctleﬁto th 1 hem%e B ]p%vﬁdld”'tguee\‘;cfl@r%mc%aﬁ@ﬁsl%g %a@ﬁtg@tm setfrmv' ng
water effect, a linear oggl ng effect, an exponential foggi ng ef a

r ange- based S}mggwmg difseteehnicuet 1 aﬁwah@mwrda@ttmon of the @nbmqmnhscueifeﬁect a

cun~ed surfage e a sharp ado shadovm ng effect
and a vol umefhiP¥ tr@jﬁcﬁ‘ S5 P prEBE ANt %ﬁ?&g f“Bﬁ%gE%fﬁ%a readabl e

medi um accor di Ng #QthGkspebt ta%,romﬁhﬁbw ol saRpERe end ydnt;gmgfsh@deré gasiteyone
parameter includes specifying at |east one parameter of a sanpli

ng
f oot pri nt th@@hfa@{ﬂ realizegbtyi thhinypritondn i dllgvdths geplidagipngpridgre!piesr, orfidEubes
appl yi ng i ter.at irection vector of the
sanpl i ngloFoo(Jt[ %Cﬁn? X&L%)%ét&geq\f%lus?@%ﬁehggﬁgeﬁ%SLrIp lgglabl e medi um according to
claim 27, wher ei nPregtachra@iedlfigsivaed ﬁnfcuatfend Haslinen earglirmatade:iveididesd v-
speci fying at, | east one paranete npling footprint that ag plies

at | east oneVith ahd uf peist keragly f*&é@%lfwageé fProgiammable antsgtfppwg%aeﬁ ngH
appr oxi mat i o, {;r‘aa&&e\s% e ihvdHRbh rt&n?d&% a%t}gdffsxm tatlﬁ rlté &Wédt@&%
applylng one of per-vertex and per- plxe ecl |cat|

di recti on ofoftshmptangli inghfsoedaod,ithd mverﬁVon allés fext spbﬁﬁsitldtmﬁ rmmﬁwnen of

readabl e medj um according to clai,m.27, wherein i d ecif of at | east
one par drtet SHCTERAFARLETS HHLRIKFP AGIISPN IRV e %ﬁ?ﬁ?ﬁi‘f%terﬁ SERTATRIE

footprint thath &RRhigGSs \%Hﬁlﬁ%‘é%uﬁﬁ:tefnr%%ﬁ@&r&tﬁcﬁ%l%cﬂeﬁ%ﬁi&m R art her

i ncl udes appl ying per pi xel specification of sanpling direction of th

sanmpl i ng footprl nt. 44. At Ieast one conputer readabl e nmedi um accor di ng to
claim 27, doreltmigiai Exemets ngoeddeat | east one paraneter includes
specifying at le par f,.0 rin that appl i es
surface self sha ’f/ﬁm ga‘zr?&e‘g‘fé?& esff))gélb y?%‘gg‘#troﬁ%hehragérﬁé%%) s? Sppl yi ng

per - pi xel specification of sanpling direction of the sanpling footprint.
45. At | east dmecachipidel er readabl e medi um according to claim44, wherein
said 10 specifying turther includes specifying control paraneters for
derivat i?fe callcul ations of

ComputeBaseUV( &u, &v )

ComputeDuDv (based on std area eqn)

sum = (0.0;
for each sample
25 {
u=1u+du;
v=v +dv;
sum += GetBilinearSample( u, v )

}
30 sum = sum/nsamples (1,2,4,8)
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Nel son Max's horizon mapping. 46. At | east one conputer readable nmedi um
according to claim27, wherein said specifying of at |east one paraneter

i ncl udes specifying at | east one paranmeter of a sanpling footprint that
applies ray-cast volunetric sanpling, wherein the ray-cast 15 volunetric
sanpl i ng i ncl udes “i”&r;ﬁﬁ@' péewgg‘?%ggﬁsharﬂﬂb?%@%@@ﬁ%mﬁ 8BatlPRA AGHORSJUal
to an eye-di rgGhdqhr ﬁﬂ@la‘fﬁg%n&lﬂ?&hfeyﬂ R\chfdﬂ‘l-'fr&%ed&@ﬁ udas: sHeRLS ol 119 Jdre
sanpling direction of the Sanpling footprint, an séﬂd texture sanpling
initiated by waties drtaiis rsafollogst ext ure sanpling includes iterative
application of  the ecified sanpling direction. 47. At |east one conputer
readabl e nediuﬁ?é@ﬁ%gaﬁhg to claim46, further including 20 detecting when
one of a gast ray intersects a current z-buffer and when saturation occurs.
48. At | east one conputer readable nmedium according to claim27, wherein
sai d speci fyi ng ofCanphteBareldetpaaiet er includes specifying at |east one
paraneter of a sanpli footprint that |ies self shadowed volunetric
rendering in conbi %%Pvﬁ%'ﬁt%‘?{\?gﬁﬁ?&ﬁd{?&#ﬁefB@yor splat-style volunetric
rendering and sai dyugpeogidiyi ng further 25 includes applying per-vertex
specification of sanpling direction of the sanpling footprint. -38 49. At
| east one conput erfor patsaMpEen@sieitP Hwsrdi ng to claim 27, wherein said
specifyiqg i ncl udes specifying a direction vector of the sanpling footprint
via an application' progranm ng interface (APlI) conponent. 50. At |east one
conput er readabl e madt wumdagcording to claim 27, wherein said nodul es are
included in at | east one of an application progranm ng interface (API),
driver code, an opelatYid'Vsystem and an application. 51. A coprocessing
device for use in CQ&BQth&@mMéJS£@ﬂ$HPR|ab|e texture sanpling

i nstructions, conprising: an iInput oébénght operable to receive a
specification of &t |east one paraneter 10 of a sanpling footprint utilized
in connection with texture sanplin f a texture map; and a texture
sanpl i ng léonponentSUBhes r@mPBbﬁE¥£3%ﬁdiadLne sanpling on said texture map
in accordance W thegal dygpeci fied parameters of said sanpling footprint.
52. A coprocessing device according to claimb51, wherein said input
conponent 15 includes at |east one of (1) a first input conponent that
recei ves instructions for

Exemplary pseudocode for a sharp shadow surface shader, e.g., for a local surface
self-shadowing shader, which yields sharp shadow edges, but allows early-out of

20  sampling when it is determined that the position is in shadow, is as follows:

du, dv, dw // steps in direction of light source
// (iterated from vertices)

for each pixel

{
25 ComputeBaseUV/( &u, &v )
w = SampleH( u, v ); // init ray at this pixel
sum = 0.0;
for i=0; i<numsamples (no pow?2 reqt)
{
30 u=u-+du; // iterate towards light
v=v+dy;

w=w + dw;
226 -



nodi fying at | east one standard paraneter by receiving a specification of
at | east one offset value for said at Least one standard paraneter and (2)
a second i nput conponent that receives instructions for replacing at |east
one standard par amnet gr= l.gast o repl acenent paraneter. 20 53. A
coprocessi ng device acc%#ﬁi?%?%égklainpgg?%ﬁH@Fein said first input
conponent that recei ¥ mst ructi ani$ heeht 4RJE TN ng i ncludes at | east one of
a third i nput conponent that receives instructirons for adding the offset
val ue and the standard ﬁgFEH%gér, a f odrthén pinplit icgpmewent that receives
instructions for mylti plying the offset value and the standard paranmeter, a
fifth inp conponent that receives instructions for applying one of 25 the
of fset valtue and tFéustlahidard par anet ey eag i@ ppnent, a sixth input
conponent that yeceives instructions for subtracting the offset val ue and
the standard paraneter, and a seventh input conponent that receives
instructions for performng a predefined mat hemati cal function based on the
standard par anet erExamtblayersaidossde M@ - 54. A coprocessing device
according to ‘fﬁl ii m Sé, whg)r ein said égg\zrrﬁ isﬁ%dofwcﬁﬂlbfﬁ‘ffiﬂhaii@ whishrcapipurey a
footprint fromCHP4 shdovralugpy dls;rdiun'ngﬁa:rqhhdim,gtdoa@gegts&clﬁe?i linear
filtering process, a iVIIP-mappi ng process, an ani sotropiC F)I’ Fetsi HBOWS:
process and andant aki asi ng proc .. 55... A coprocessing device according to
claim 51, wherein sa?% i nput conggﬁgﬁﬂnfuﬁﬁ“qmﬁﬁ&ghbsnmmwtructions f or
specifyiﬂ% i ncl udes a conponent uhﬁ&xmg@gggpﬁﬂﬁagfructions for specifying
said at | east ﬁ)p%acthar.a ter at | east one of per vertex and per pixel in
connection with sai d'texture sanpl i ng conmponent. 56. A coprocessing device
according to cfaim55, further including iteratively 10 applying said
texture sanpling of the texture sanpling conponent. 57. A coprocessing

devi ce accordi ng FemphigBasalV( &hekei)n sai d i nput conponent that receives

i nstructions for @p__egir{’g]i ﬁg includes a _conponent that receives instructions
for specifying at |eastrs ot ia st epéibragmtithampigeli ent at i on of t he
sanplind5footprinmn15&mxA coprocessi ng device according to claimb55,
wherein said inputI conponent that 15 receives instructions for specifying

i ncl udes at | east!°bRemgpmples( nosteei gutow@onponent that receives instructions
for specifying dq spacing of sanples in a a direction and a second i nput
conmponent that receives instructions for specifying dv spacing of sanples
in av direction. B%uAdapprocessing J ccording to claim55, wherein
sai d i nput conponent that 20 receiv égﬁélf%tg??\gzgﬁf Bglg for specifying includes
a conponent t hat r§66f¢g§?instructions for specifying at |east one of a au
val ue, 20 av val ue @ndwakgwévalue.

h = sampleH( u, v ); // get height
del=h - w; // height above ray
if ( del > max ) max = del; // find highest value
h
25 mapMaxtoShadow( )

Further examples of the use of the invention include providing a programmable

volu 1 -casti '
metric ray-casting shader, which accumulates and integrates trilinear sample values

Such as a shader can behave differently based on how hard the data is in the pipelined
30 ' ' i i
cnvironment. In this regard, the invention can be utilized in concert with the z-buffer to

integrate opaque objects. In such a case, one z-buffer read may be performed, and the z
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60. A coprocessing device according to claimb51, wherein said input
conponent that receives instructions for specifying includes a conponent
that receives instructions for specifying one of an as value and an ab
val ue for use i.n conpection with bilinear filterjng 25 utatjon. 61. A
poprocessingﬁﬂggfgﬁy EEBTaRy pFB“EH%?ﬁﬁ%ﬁF“ﬂh%?@bwgg%Fﬂﬁgg%ﬁmFNﬁnfﬁﬁﬁﬁ?int
i s an ani sot APk ahwakytRirh Bge, SBEMIhh g ek RRbRChM termisfitdin accdanc vGRPHE LR NT
devi ce according to Claim@®l, wherein said at | east one paraneter includes
at Least one obtheadegilr extnpaseropgigiian. spaci ng of ani sotropic filter kernel

sanples. 63. A co cessing devi ce according to c¢laimsl, wherein said
texture sanpling g?tggraqx&n?gsgtoﬁ}/ e%ﬁﬁ?ﬁv 1{1}/%1%108)1(1?%}% psrngéin'rgr?djr%rﬁB‘&??Z’rlﬁ in
accordance Wstif-shaioif@e6lufeast Ra/fandhesswhlchatisizala hRRSE spdaypé snatngf f ect
of pixel space resulting ftomsard texture sanpling, and said at |east one

vi sual ef f ectmathed pdaeluate dagn bt wige theftechaiame(sm rir:sm:gl%@cf phaye to gotbp e Bhatkess
effect, a te@gpsre swi mm ng swi mm ng effect, a pixel-popping effect, a
tenporal aliasi"hg effect, a texture shinmering effect, a texture crawing
effect and a streaking effect. 10 64. A coprocessing device according to
claim~1, wherei n Thatethrt extltigle wagsrpf imyderoéntsgithe prexdnt irevengn. netvirgy ik ext ur e
sanpl i ng conponent in accordance, with said specified paraneters textures a
triangl e surPAR8ds Y mEHFRGUaten Wherehy e LOoBIOCEsSPI(he-Bn T (pledte Pre: faRTipted
TApPi NG ¢hT €GJ perdorl ﬂﬁ%rfi.\&gioﬁﬁlft?%tfthea}n*!?&lftiloﬁ,czﬂdqgcel?\lzéjcfo?ffrﬂ&lﬁfsflﬁftfbotﬂe Fresnel
bl urring effecF, a marbling effect, a noving water effect, a linear fogging
ef fect, an expondhbicaiexfiongimuingSeefribed herem. Aantger haslederftogoy ofheifveation a
transparency.eff@gt, a Hransl ucencg/ effect, .a gurved surf%ce ei{ifecb, a
sharp shadowiMudss fiaaially ok Uomatgally RiGeramineIBE cANgcessre)) (atieE Pext uri ng
effect. 65 ARPBRARTDTHRAnAGVIORSWRGES &l AfpréfRided APMicd! kit, WHe@ble,Sali d

i nput conponent that receives instructions for specifying of at |east one
par anet er i noberdtisg systém,standalone opdowmapishisrofivtant ohjedt site: @nablas thewse thens

for specifying at. |east one, paramet.er of.a sanplin oof pr.int that. applies
ot onCorer Mbehtion B SemERT LB AANEHSD p vR PR d ARhE GirBleg AiisRhont
that recei vesndhitieh AHEhinOMS phimetddP tadito thd dopfiesdr(¥psrt B% blyaNehppliakhiort ©
control a direction vector of the sanpling footprint. 66. A coprocessing

devi ce accor dakg theomedisicaniad repharspentoidhe Potniplpawaeianehthe taxdire 3smpbeei ves
i nstructions r Lyl | p j a first
mput - componhieei RS 1 cctoce 8RR, MR REHIRn LASIBERS 2 One

par anmet er of iapkapling thefppedrpmitablettbatireappipliag dedcribedidreiarnehadfy iamagitarQpi C
surface reflectjon, diffuse lighting and an approximation to specul ar

| i ght i ng?&nd PaBlvd" PAfare it SRS 88 BieY 8 3SR Al PR BioNs peci f yi ng
further includes g,seconthi&9 RN UntdHRALIHRARIURDN! ASAPLG AR Qbrovided
appl yi ng one of per-vertex and per-pi xel specification of sanpli ng

di rection of which @ahisk thregpeadicgranmf pagimetay(st opthe semplimg)stetewicntethatcidertifiasg t o

Spect Tyi ng. A rFHRSLEite AATRUCRTE Trbt AUeT deraRaloim dsaE et Ahofeich fmee
recei ves i nstg mati-8igersPhalsReplihy vidodtard 886 EordiLpIRRA PRt RtaRE, de SERP! i Ng

footprint that applies surface self shadow ng and said input conponent that
r ecei ves2$ nstempenashysaddpr elgeaiionysiang cpiype Head Tonedstiag shadowacuhemethput

of Sanmpl i ng APRAGE K oy ORbHEN O ol A1 PRRNHAP LB SheRliAF Ly aPRRILLET, "

devi ce accor eddigersds £ fallowbin psshdsceda feaiad | nput conponent that receives
instructions for specifying of at |east one parameter includes a first

i nput conponent t ha# degekyes instructions for specifying at |east one
paranmeter of a sanpling footptynt that applies surface self shadow ng and
said i nput céHppladertuehiatatsidgerves i nstructions for specifying further
includes3@ s$ﬁgggshﬂgyk)conponent that receives 15 instructions for

appl yi ng per-plxéi specification of sanpling direction of the sanpling
footprint. 69mpleaorxoardsd ng devi ce according to claim®68, wherein said

i nput conponent that, receives instructions for specifying further includes
a conponent tH&foPWESt ¥X18¥0i nstructions for specifying control paraneters
for derivative cal cul ati ons of Nel son 20 x"s horizon mapping. 70. A
coprocessi ng device according to claim51,“"wherein said i nput conponent
that receives instructions for specifying of at |east one paraneter
includes a first input conponent that receives instructions for specifying
at | east one paraneter of a sanpling footprint that applies ray-cast

vol unetric sanpling, wherein the ray-cast volunetric 25 sanpling includes
slicing a volume up into polygons relatively orthogonal to an eye direction
and said input conponent that receives instructions for specifying further

o o T "



71. A coprocessng device according to claim70, further including a
detecting conponent that detects when one of a cast ray intersects a
current z-buffer and when saturation occurs. 72. A coprocessing device

according to ¢laim51, wherein said input. c onent .that receives

i nstructi onfng8?mgfbl&?0fwflﬁ%nglpgé?oq%éfﬁgﬁe%lﬁ‘égggwé‘ﬁﬂtoéFtagfh%IaEIH‘es a first

i nput conponent that receives instructions for specifying at | east one
paranmeter of a sappki ngrap@etigrdffit that applies self shadowed vol unetric
rendering in conmbination with conventional slice or splat-style volunetric

rendering and said inﬁﬂ@m@%ﬁ@’rﬁ%t that receives instructions for

speci fying further i n%‘hfégrﬁﬁdeazpﬁgg??rﬁg\abf%pu'[ conponent that 10 receives
ex

i nstructions for applying per-v specification of sanpling direction of
the sanpbing footprint. 73.saMplopumedssi ng device according to claimb51,
wherein said i nput conponent, that receives instructions for specifying

i ncl udes a conponent t hat Med@les instructions for specifying a direction

vector of the sanpling footfg{e%ﬁbltT/Ee{p%ggeppl_gﬁgitﬁeggglugﬁgan application 15

programm ng interface (API), co operati system and an
application. 74. A coprocessing device according to claim51, wherein said

coprocessi ng device includes at |east one graphics processing unit (GPL~.
75. A conput er r@ﬂ%@l%g‘?@?ﬁa%wrquﬂ?ﬁ@mgﬁfﬁ? SBFCé’(S’Pé’eP’@QF‘@?ié f%ranpl ing
havi ng 3t 0r gdishheie IRdPRECHRHiroNBBIE b§ HHPIHOE APXRELH AR S dRIMLRRALORPT i Si Ng

conputer 20 executable instructions, the nodules conprising: neans for
speci fyi ng dolldveiag furstiongiy afis) Pefaoks, 4BsRephden X Add prd () Modulatted m

Coxture saml i ng ISNTrEats MRS g Sind bRt R iR Lo 38 Bal e sk ' "
paranet ers Qfhi@pédinRASRLUE and @R4JBOH Tor sarPlinS basRd GARI LFASRI ko8N FRIk@E Use -

in connection with controllable texture sanpling instructions, conprising:
means for relgeritimg a specification of at |east one parameter of a sanpling

0P Uil B SRS BT PIP B PL RHE B,
sai d speci f ifggtipanadethe applaftisdbgtcHaplalueg td BOkR ddinputed values to determine
the final sampling direction. The Modulate function multiplies the application specified
direction vector by the chip computed one to determine the final sampling direction.
In one embodiment of the invention, hardware chips make use of existing

20  dependent-read hardware techniques to take individual samples in order to implement the
various techniques of the invention. Such an embodiment allows an application to
control the position of every sample in the kernel, not just that of each set of two by two
bilinear footprints, and thus is more general than some of the techniques described
above.

25 Further uses of the invention include the use of the derivatives of Nelson Max’s
horizon mapping approach to achieve self shadowed textures by controlling the
parameters utilized incident thereto.

The invention in its various relevant embodiments also supports (1) detection of,
(2) “early-out” or (3) a return of null(s) when the cast ray intersects the current z-buffer,
30 or when saturation occurs.
In other embodiments of the invention, programmable sampling shaders are

provided that allow algorithmic control of sampling operations, as described in various

.20.
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A A As. A A& A A9. A. A&H. A9. A. AL! . An. AL. A& A&n. A. A. ABYPI h@eev{4-}xsni d_Z] ca]

cal ca cal cal KT A ALERERIIRL PRERE ORI ST AV RKE A CTREPAPIETL o7
a] ca] ca] ca] ca)way Qﬁ]spadlﬁ@bca]esnahaahmaﬂsca] tﬁah@@-bﬁﬁh]c(kahﬂecat] waihepkcallard, cal c
aJca] ca] ca] ca! GHl JsJJ' K| KKLWLL &VK MVMVNGNNNOPOOPN PPP] QnU72\ ZcZZ} xsni d_Z| c] ca
] ca] ca] ca] cafishbaigdightsapicafididledagegdea) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] cal ZZ[] [{[I

a] cha) cal cal oa] cal a1 'S4l o) Do) Col o) o e ool Ca] Ea] S  CB] Saf Se ) cad cal

cal' begg 5 have been described in connection w1th vanous computmg dev1ces and network

| gb na
B Pl
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a] ca] ca] ca] ca] ca] ca] ca] cala
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& Ul mhony] TRATE ) O CA A0 AT Sa o e Poed RO A O af o st capan
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19cQ w mhc”Y] ] ca] ca] ca] ca]ca] ca ] cal caLca] ca)] cal ca]calca]calc

a] ca] ca] ca] cef dajde arp@,a@v]pea]Oéa]@gqrc@]@alas a@cwn}qﬂﬂme@ ect from a server, as a

o 2 S A B A St legleglos) o
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c g] it Li‘ i a . a]Z%:)!a 1?1?:%; %‘ 8??1} i 918 1212 F&%E@ilpﬂpf;&l fdafden) sahaakrakcal cal

L === 77 mys th&&ﬁdtﬁﬁ%&éd@m kithiZ} b} eqlicabeaboadltdleal ca
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WS VWAKX XX9 Y Y IBZRZSE [or b ﬁ\8]r€]0K] ‘v]'h‘e‘re Pp@;’n}bmht(Z]\]l]fca]@a]’mat]qufdm]fc dhwa]tba] ca] ca) ¢

ool coebeaksnteaktabsabitkan salarhraleal selsalraleal sl salsabeabic—

J £11]] xkk} xsnigly faké Heebea ot pldzeds ad @alzﬁ&hﬁt@drﬁ tepddied maheabeah&nd gadical ca
] ca] ca] ca] ca] ca] ca] cal calca] ca gca ca] cal kfll sm mn prtvvw
y! { 4] } f #7?2n<es)lophy disk F‘]tf]scgplc &(ﬂ, éa]Oéapncaqhéaqxﬁé@l]le%r]@datwa]s@aqg@a] ca] ca]

d Zz
colcol col oo ok sk aﬁ%%? TR R bl S5 iSi cal
a] ca] ca] ca] catkad E&c}rﬁﬁt}tea ﬂ&\iﬁuéﬁlﬂdﬁ@&n@ arY afdfAvABas (o} pral:ﬁa/fBgatk(e)mﬂL&%B&

1098&' ().~ !'1098B& ().-! 109B& Pl h@
" 109B8&’ (2)5 | @9%&0 Prqgr%g@é‘g ?ﬁecgtém Qr})g@nmj@gcq@puters the computing device

L 109%8& ()- 1
S 20088 1) - (OO YT S (g A SR Tk sl oy RBP4 00me 0

SH109%&: () - rrﬂ(ﬁlBltﬁBlg)BﬂmlW&d fipn sgraae@&ew;ymnmr@wmwm I¢ast Gfe WP si H-
&F#ﬁgc:!}g%(&) (@;?li’l t/asgL aji%égﬁéiiédt%%\% /&féﬂ 1%&5%%20@5315 that may utilize the signal
- 109%& () - 50#&'@8@&81(1% seRREFA0HE féser&(lﬁ‘.]&%&n(é Zﬂh_fr 198@se(&f~a%ia}zm@&§|d§' fs#10

YA ()-m ($109%& ()-! 6$10%& () I'f %$109%& E It $109%& ( }J 9SH=
| f 1 Xs& yR109PY 9r-thve ke -agemrefzrably implemente m a high level procedural or object onente

programming language to communicate with a computer system. However, the

program(s) can be implemented in assembly or machine language, if desired. In any case,
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& ()-M Xs& y#109%&' () - Ms39B10UKE () - Y! \ s3%$109&' () - YS#10%&' ()-m 0123 ~];
L f11S#10%323& ()- ,#10% & ()-#10%& ()-!S#10%&' ()- 10 10 103: 109%& () -

Al ="" $f Y&z X6~] ;

11 a$10%& ()-7Z! a$10% . & ()-Z! £ $10%z& () - Z#10% x& () -! N#1QU& () - ! N#10%bé&' ()
- &G K( L(N(N(t%e_ CDease o o 3-%1&%%%%&3 ?3)1%?‘913?0 d(ﬁo.mlbmgé Y55 hiigar

: 10%2& () -!;implementations. .
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1090&' () - L& pkOSMh&n{abic bRIOHRYIcE {PTD), hQ&lient computer, a video recorder or the like, or a

10! S9&- z#10%&' () -:sJJ' K[ KKLWLAEuUV7!! &s#1090&' ()~ 1090 & ()-9109%& () -
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present invention may invariably be a combination of hardware and software.

15 While the present invention has been described in connection with the preferred
embodiments of the various figures, it is to be understood that other similar embodiments
may be used or modifications and additions may be made to the described embodiment
for performing the same function of the present invention without deviating therefrom.
For example, while exemplary network environments of the invention are described in

20  the context of a networked environment, such as a peer to peer networked environment,
one skilled in the art will recognize that the present invention is not limited thereto, and
that the methods, as described in the present application may apply to any computing
device or environment, such as a gaming console, handheld computer, portable
computer, etc., whether wired or wireless, and may be applied to any number of such

25  computing devices connected via a communications network, and interacting across the
network. Furthermore, it should be emphasized that a variety of computer platforms,
including handheld device operating systems and other application specific operating
systems are contemplated, especially as the number of wireless networked devices
continues to proliferate. Still further, the present invention may be implemented in or

30 across a plurality of processing chips or devices, and storage may similarly be effected
across a plurality of devices. Therefore, the present invention should not be limited to
any single embodiment, but rather should be construed in breadth and scope in
accordance with the appended claims.
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(1) modifying at’least one standard parameter by specifying af least one offset value for
said at least one standard parameter and (2) replacing at least one standard parameter

with at least one replacement parameter.

10 3. A method according to claim 2, wherein said modifying includes at least one of
adding the offset value and the standard parameter, multiplying the offset value and the
standard parameter, applying one of the offset value and the standard parameter as an
exponent, subtracting the offset value and the standard parameter, and performing a

predefined mathematical function based on the standard parameter and the offset value.

15 4. A method according to claim 1, wherein said sampling footprint is a sampling
footprint from at least one of a point sampling process, a bilinear filtering process, a

MIP-mapping process, an anisotropic filtering process and an antialiasing process.

5. A method according to claim 1, wherein said specifying includes specifying said
at least one parameter at least one of per vertex and per pixel in connection with said

20  texture sampling.

6. A method according to claim 5, further including iteratively applying said texture
sampling.
7. A method according to claim 1, wherein said specifying includes specifying at

least one of a stepsize and an orientation of the sampling footprint.
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1. A method according to claim 1, wherein said sampling footprint is an anisotropic

filtering sampling footprint.

10 12. A method according to claim 11, wherein said at least one parameter includes at

least one of a direction and a spacing of anisotropic filter kernel samples.

13. A method according to claim 1, wherein said texture sampling of said texture
map in accordance with said specified parameters alters at least one visual effect of pixel
space resulting from said texture sampling, and said at least one visual effect includes at
15  least one of: a blurring effect, a blockiness effect, a texture swimming swimming effect,
a pixel-popping effect, a temporal aliasing effect, a texture shimmering effect, a texture

crawling effect and a streaking effect.

14. A method according to claim 1, wherein said texture sampling of said texture
map in accordance with said specified parameters textures a triangle surface to achieve at
20 least one of a lighting effect, a bump mapping effect, a blurring effect, a reflection
blurring effect, a Fresnel blurring effect, a marbling effect, a moving water effect, a
linear fogging effect, an exponential fogging effect, a range-based fogging effect, a
transparency effect, a translucency effect, a curved surface effect, a sharp shadowing

effect, a fuzzy shadowing effect and a volumetric texturing effect.

25 15, A method according to claim 1, wherein said specifying of at least one parameter

includes specifying at least one parameter of a sampling footprint that applies motion
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10! includes spec1fymg at least one parameter of a sampling footprint that applies at least one
5  of anisotropic surface reflection, diffuse lighting and an approximation to specular
lighting and said specifying further includes applying one of per-vertex and per-pixel

specification of sampling direction of the sampling footprint.

17. A method according to claim I, wherein said specifying of at least one parameter
includes specifying at least one parameter of a sampling footprint that applies surface
10 self-shadowing and said specifying further includes applying per-pixel specification of

sampling direction of the sampling footprint.

18. A method according to claim 1, wherein said specifying of at least one parameter
includes specifying at least one parameter of a sampling footprint that applies surface
self-shadowing and said specifying further includes applying per-pixel specification of

15  sampling direction of the sampling footprint.

19. A method according to claim 18, wheren said specifying further includes

specifying control parameters for derivative calculations of Nelson Max’s horizon

mapping.

20. A method according to claim 1, wherein said specifying of at least one parameter
20 includes specifying at least one parameter of a sampling footprint that applies ray-cast
volumetric sampling, wherein the ray-cast volumetric sampling includes slicing a volume
up into polygons relatively orthogonal to an eye-direction and said specifying further
includes specifying the sampling direction of the sampling footprint, and said texture

sampling includes iteratively applying the specified sampling direction.

| ]
wn

21. A method according to claim 20, further including detecting when one of a cast

ray intersects a current z-buffer and when saturation occurs.
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direction vector of the sampling footprint via an API component.

24, At least one of an operating system, driver code, an application programming
interface, a tool kit and a coprocessing device for providing the controllable texture

10 sampling of claim 1.

25, A modulated data signal carrying computer executable instructions for

performing the method of claim 1.
26. A computing device comprising means for performing the method of claim 1.

27, A computer readable medium for providing controllable texture sampling having
15  stored thereon at least one computer-executable module comprising computer executable
instructions for performing a method, the method comprising:
specifying at least one parameter of a sampling footprint utilized in connection
with texture sampling of a texture map; and
initiating texture sampling said texture map in accordance with said specified

20  parameters of said sampling footprint.

28. The computer readable medium according to claim 27, wherein said specifying
includes at least one of (1) modifying at least one standard parameter by specifying at
least one offset value for said at least one standard parameter and (2) replacing at least

one standard parameter with at least one replacement parameter.

25 26 At least one computer readable medium according to claim 28, wherein said
modifying includes at least one of adding the offset value and the standard parameter,

multiplying the offset value and the standard parameter, applying one of the offset value
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an antialiasing process.

31. At least one computer readable medium according to claim 27, wherein said
specifying includes specifying said at least one parameter at least one of per vertex and

10 per pixel in connection with said texture sampling.

32, At least one computer readable medium according to claim 31, further including

iteratively applying said texture sampling.

33. At least one computer readable medium according to claim 27, wherein said
specifying includes specifying at least one of a stepsize and an orientation of the

15 sampling footprint.

34. At least one computer readable medium according to claim 31, wherein said
specifying includes at least one of specifying du spacing of samples in a u direction and

specifying dv spacing of samples in a v direction.

35. At least one computer readable medium according to claim 31, wherein said

20  specifying includes specifying at least one of a Au value, a Av value and a Aw value.

36. At least one computer readable medium according to claim 27, wherein said
specifying includes specifying one of an o, value and an ¢y value for use in connection

with bilinear filtering computation.

37. At least one computer readable medium according to claim 27, wherein said

25  sampling footprint is an anisotropic filtering sampling footprint.
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39. At least one computer readable medium according to claim 27, wherein texture

5 sampling initiated by said initiating texture sampling of said texture map in accordance
with said specified parameters alters at least one visual effect of pixel space resulting
from said texture sampling, and said at least one visual effect includes at least one of: a
blurring effect, a blockiness effect, a texture swimming swimming effect, a pixel-
popping effect, a temporal aliasing effect, a texture shimmering effect, a texture crawling

10  effect and a streaking effect.

40. At least one computer readable medium according to claim 27, wherein said
texture sampling initiated by said initiating texture sampling of said texture map in
accordance with said specified parameters textures a triangle surface to achieve at least
one of a lighting effect, a bump mapping effect, a blurring effect, a reflection blurring

15  effect, a Fresnel blurring effect, a marbling effect, a moving water effect, a linear fogging
effect, an exponential fogging effect, a range-based fogging effect, a transparency effect,
a translucency effect, a curved surface effect, a sharp shadowing effect, a fuzzy

shadowing effect and a volumetric texturing effect.

41. At least one computer readable medium according to claim 27, wherein said
20  specifying of at least one parameter includes specifying at least one parameter of a
sampling footprint that applies motion blur and said specifying further includes applying

iterated vertex-level data to control a direction vector of the sampling footprint.

42. At least one computer readable medium according to claim 27, wherein said
specifying of at least one parameter includes specifying at least one parameter of a

25  sampling footprint that applies at least one of anisotropic surface reflection, diffuse
lighting and an approximation to specular lighting and said specifying further includes
applying one of per-vertex and per-pixel specification of sampling direction of the

sampling footprint.

-37-



10% 0" 10% 0& () - @' 10% 0& ()- @ 10% 0& () - S

10% 0& ()-1"10% 0& ()-S10% 0& ()-]hdEnN  10% 0@

.10% 0& () -y #10% 0& ()- @) 10% 0& ()-S@! 10% 0& () - @10% 0& () - s$#10% 0& ()
CIMHEN 100

10% o0& () - 9 0% 85150518 SBUPHET 14838 MOHBRASCPReaiEe T yeheyein sard

18%00‘5%-“ 3 g%h )o_f gtq%/slt oROftirdmeter WbAe&sfekifPib LM dnk phhBid ofh- 10' 0
109Z10% & )sarrmrvfg&wtpn@unhatlap%w@s iy fapysadtahad oy ing and Gati &b ¢oifyingDBsRer ) - m adEb

C
10%. 1 10% & 58S 28108 EFr (BShePg8sasiop of sargplingdizection of hgsamphinesrinitile: ()
“a$xnb@ 10! a8#10%HaH&' ()- 10" 10"

10" : 109%.8' ()-y7! ocV & ) 61006 & () 84T #1004 &
'f$10%H?5H&% i E“ o 06@@? ljlmn%ﬁi ;@%c IW/-@ZJ%%WW()-IX&#

109XX&' () - " # &@mé o@at}lé;fsl@e arameter includes speci mg at least one parameter of
10H9F: 10%4& () -!alL- " 10%aHaH& % laL-"10%a& ( SH109HE () -m f 3%5#10% Hf

H& () - nﬂSlO‘V&a(‘I)pll@g Togtpfint thgtzpn l¢ﬁ\$’urfaq®©ﬁ‘¢kf s(hpd@\ymﬁg&n(l ypaid specifying further

includes applying per-pixel specification of sampling direction of the sampling footprint.

45, At least one computer readable medium according to claim 44, wherein said
10 specifying further includes specifying control parameters for derivative calculations of

Nelson Max’s horizon mapping.

46. At least one computer readable medium according to claim 27, wherein said
specifying of at least one parameter includes specifying at least one parameter of a
sampling footprint that applies ray-cast volumetric sampling, wherein the ray-cast

15 volumetric sampling includes slicing a volume up into polygons relatively orthogonal to
an eye-direction and said specifying further includes specifying the sampling direction of
the sampling footprint, and said texture sampling initiated by said initiating texture

sampling includes iterative application of the specified sampling direction.

47. At least one computer readable medium according to claim 46, further including

20  detecting when one of a cast ray intersects a current z-buffer and when saturation occurs.

48. At least one computer readable medium according to claim 27, wherein said
specifying of at least one parameter includes specifying at least one parameter of a
sampling footprint that applies self-shadowed volumetric rendering in combination with
conventional slice or splat-style volumetric rendering and said specifying further

25  includes applying per-vertex specification of sampling direction of the sampling

footprint.
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S modules are included in at least one of an application programming interface (API),

driver code, an operating system and an application.

51. A coprocessing device for use in connection with controllable texture sampling
instructions, comprising:
an input component operable to receive a specification of at least one parameter
10 of a sampling footprint utilized in connection with texture sampling of a texture map;
and
a texture sampling component operable to perform texture sampling on said

texture map in accordance with said specified parameters of said sampling footprint.

52. A coprocessing device according to claim 51, wherein said input component

15 includes at least one of (1) a first input component that receives instructions for
modifying at least one standard parameter by receiving a specification of at least one
offset value for said at least one standard parameter and (2) a second input component
that receives instructions for replacing at least one standard parameter with at least one

replacement parameter.

20 53, A coprocessing device according to claim 52, wherein said first input component
that receives instructions for modifying includes at least one of a third input component
that receives instructions for adding the offset value and the standard parameter, a fourth
input component that receives instructions for multiplying the offset value and the
standard parameter, a fifth input component that receives instructions for applying one of

25 the offset value and the standard parameter as an exponent, a sixth input component that
receives instructions for subtracting the offset value and the standard parameter, and a
seventh input component that receives instructions for performing a predefined

mathematical function based on the standard parameter and the offset value.
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specifying sa1d at least one parameter at least one of per vertex and per pixel in

connection with said texture sampling component.

56. A coprocessing device according to claim 55, further including iteratively

10 applying said texture sampling of the texture sampling component.

57. A coprocessing device according to claim 51, wherein said input component that
receives instructions for specifying includes a component that receives instructions for

specifying at least one of a stepsize and an orientation of the sampling footprint.

58. A coprocessing device according to claim 55, wherein said input component that
15 receives instructions for specifying includes at least one of a first input component that

receives instructions for specifying du spacing of samples in a u direction and a second

input component that receives instructions for specifying dv spacing of samples in a v

direction.

59. A coprocessing device according to claim 55, wherein said input component that
20  receives instructions for specifying includes a component that receives instructions for

specifying at least one of a Au value, a Av value and a Aw value.

60. A coprocessing device according to claim 51, wherein said input component that
receives instructions for specifying includes a component that receives instructions for
specifying one of an o, value and an a;, value for use in connection with bilinear filtering

25  computation.

61. A coprocessing device according to claim 51, wherein said sampling footprint is

an anisotropic filtering sampling footprint.
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sampling, and said at least one visual effect includes at least one of: a blurring effect, a
blockiness effect, a texture swimming swimming effect, a pixel-popping effect, a
temporal aliasing effect, a texture shimmering effect, a texture crawling effect and a

streaking effect.

10 64. A coprocessing device according to claim 51, wherein said texture sampling of
said texture map by the texture sampling component in accordance with said specified
parameters textures a triangle surface to achieve at least one of a lighting effect, a bump
mapping effect, a blurring effect, a reflection blurring effect, a Fresnel blurring effect, a
marbling effect, a moving water effect, a linear fogging effect, an exponential fogging

15 effect, a range-based fogging effect, a transparency effect, a translucency effect, a curved
surface effect, a sharp shadowing effect, a fuzzy shadowing effect and a volumetric

texturing effect.

65. A coprocessing device according to claim 51, wherein said input component that
receives instructions for specifying of at [east one parameter includes a first input

20  component that receives instructions for specifying at least one parameter of a sampling
footprint that applies motion blur and said input component further includes a second
component that receives instructions for applying iterated vertex-level data to control a

direction vector of the sampling footprint.

66. A coprocessing device according to claim 51, wherein said input component that
25 receives instructions for specifying of at least one parameter includes a first input
component that receives instructions for specifying at least one parameter of a sampling
footprint that applies at least one of anisotropic surface reflection, diffuse lighting and an
approximation to specular lighting and said input component that receives instructions

for specifying further includes a second component that receives instructions for
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L1 ##109% Hrfb'é‘tlp(‘i}]f ghwﬁﬁép%}l%yg%l@shadowing and said input component that receives

instructions for specifying further includes a second input component that receives
instructions for applying per-pixel specification of sampling direction of the sampling

footprint.

10 68. A coprocessing device according to claim 51, wherein said input component that
receives instructions for specifying of at least one parameter includes a first input
component that receives instructions for specifying at least one parameter of a sampling
footprint that applies surface self-shadowing and said input component that receives
instructions for specifying further includes a second input component that receives

15  instructions for applying per-pixel specification of sampling direction of the sampling

footprint.

69. A coprocessing device according to claim 68, wherein said input component that
receives instructions for specifying further includes a component that receives
instructions for specifying control parameters for derivative calculations of Nelson

20  Max’s horizon mapping.

70. A coprocessing device according to claim 51, wherein said input component that
receives instructions for specifying of at least one parameter includes a first input
component that receives instructions for specifying at least one parameter of a sampling
footprint that applies ray-cast volumetric sampling, wherein the ray-cast volumetric

25  sampling includes slicing a volume up into polygons relatively orthogonal to an eye-
direction and said input component that receives instructions for specifying further
includes a second input component that receives instructions for specifying the sampling
direction of the sampling footprint, and said texture sampling component iteratively

applies the specified sampling direction.
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sampling footprint.

73. A coprocessing device according to claim 51, wherein said input component that
receives instructions for specifying includes a component that receives instructions for
specifying a direction vector of the sampling footprint from at least one of an application

15  programming interface (API), driver code, an operating system and an application.

74. A coprocessing device according to claim 51, wherein said coprocessing device

includes at least one graphics processing unit (GPU).

75. A computer readable medium for providing controllable texture sampling having
stored thereon one or more computer-executable modules comprising computer
20  executable instructions, the modules comprising:
means for specifying at least one parameter of a sampling footprint utilized in
connection with texture sampling of a texture map; and
means for initiating texture sampling said texture map in accordance with said

specified parameters of said sampling footprint.

25 76, A coprocessing device for use in connection with controllable texture sampling
instructions, comprising:
means for receiving a specification of at least one parameter of a sampling

footprint utilized in connection with texture sampling of a texture map; and

- 43.



means for texture sampling said texture map in accordance with said specified

parameters of said sampling footprint.
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