WO 97/ 16803 PCT/ US96/ 17401
TEXTURE CCNPCSITING APPARATUS AND NETHCD 5

pr esent

=i on—%6 Fhe
i nvention rel ates generally to the f|eId of | mage processi ng,

and nore particularly to an apparatus for conbi ning texel imges to
generate graphi cs i nmages. 2. Description of Background Art

10

15

20

25

30

35

WO 97/16803 PCTAUS96/17401
TEXTURE COMPOSITING APPARATUS AND METHOD

1. Field of the Invention

The present invention relates generally to the field of
image processing, and more particularly to an apparatus for
combining texel images to generate graphics images.

2. Description of Background Art

Recent advances in computer performance has enabled
graphics systems to provide more realistic graphical images
using personal computers and home video game computers. In such
graphics systems, some procedure must be implemented to
"render® or draw graphics primitives to the screen of the
system. “"Graphics primitives" are a basic component of a
graphics picture, such as a polygon, e.g., a triangle, or a
vector. All graphics pictures are formed with combinations of
these graphic primitives. many procedures may be utilized to
perform graphics primitives rendering.

Conventional graphics systems perform these graphics
rendering procedures using a frame buffer. A frame buffer
generally comprises a plurality of computer memory chips that
store information concerning pixel activation on the system's
display screen. Generally, the frame buffer includes all of the
graphics data information that will be written onto the screen.

Early graphics systems displayed images representing
objects having extremely smooth surfaces. That is, textures,
bumps, scratches, or other surface features were not modeled.

In order to improve the quality of the image, texture happing
was developed to model the complexlty of real world surface
1mages In general, texture mapping is the mapping of an image
or function onto a surface in three dimensions. Texture mapping
is a relatively efficient techhique for creating the appearance
of a complex image without the tedium and computational cost of
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In conventlonal systems a texture is frequently combined
with either a constant color or an iterated color. That is, in
15 conventional systems multiple texture colors are not combined in
a single execution pass. Examples of the types of combinations
or functions available in conventional systems between the
texture and the constant color or the iterated color include a
multiply function, an addition function, and a subtraction
20 function. In some conventional systems each of these functions
are performed in a separate chip, in other conventional systems
these functions are performed in parallel using multiple chips.
In such conventional systems, having chips capable of performing
a single function is an inefficient use of space. 1In addition,
25 having functions performed in parallel, e.g., trilinear
mipmapping, is expensive because memory is not used efficiently.
For example, in order to implement trilinear mipmapping in a
conventional system using parallel processing, a single mipmap
is stored multiple times, i.e., once in each chip. Trilinear
30 mipmapping is described in greater detail below.
What is needed is a graphical system that (1) permits
texture images to be combined with other texture images and (2)
is scalable, that is, multiple texture combine units can be
serially coupled such that many texture images can be combined
35 in a single execution pass, where each texture combine unit is
capable of creating a new texture image by combining two input
texture images.
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by another TCU, the local data signal and the output data signal

10 represent a texture color in a RGBA format. Based upon the ’
control signal, the TCU can generate an output signal based on a
variety of functions. The outputs that can be generated

include: (1) zero; {2} one; (3) Cin; (4) Cilocal: (5) Cip +

Clocal: (6) Cin - Clocali (7} Cin * Clocal; (8) Cin * Cilocal +
15 RAjlocal: (9) Cin * Plocal * Clocali (10) (Cip - Clocal) * Fblend
+ Clocal; and (11) (Cip - Clocal) * (1-Fplend) * Ciocal-
another feature of the invention is that multiple TCUs can be
serially coupled to enable addition texture colors to be
combined in a single execution path.
20

BRIET DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of a computer system in which

the preferred embodiment of the present invention operates. -
25 Figure 2 is an illustration of the graphics engine of the
preferred embodiment of the present invention.

Figure 3 is an illustration of a texture mapping unit and
texture memory according to the preferred embodiment of the
present invention. '

30 . Figure 4 is an illustratibn of a texture compositing unit
according to the preferred embodiment of the present invention.
' Figure 5 is an illustration of a texture combine sub-unit
according to a first embodiment of the present invention.

Figure 6 is an illustration of a texture combine sub-unit

35 'accordiné to a second embodiment of the present invention.

Figﬁre 7 is an illustration of the logic in a texture
combine sub-unit according to the second embodiment of the
present invention. :

Figure 8 is a flowchart of the operation of the texture

3
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numbers indicate identical or functionally similar elements.
Also in the figures, the left most digit of each reference
number corresponds to the figure in which the reference number
is first used. )

Figure 1 is an illustration of a computer system 100 in
which the preferred embodiment of the present invention
operates. In the preferred embodiment, the computer system 100
is a conventional personal computer, e.g., an IBM compatible
personal computer. In an alternate embodimént the computer
system is a videoc game platform, e.g., a Nintendo game platform,
commérdially available from Nintendb'of-America, Inc., Redmond,
Washington. In the ﬁreferred embodiment the processor 102 of
the computer system 100 is a Pentium processor, commercially
available from INTEL Corporation, Santa Clara, California. The
memory 104 is conventional random access memory (RAM). The
processor/memory bus 106- and the input/output (I/0) bus 110 are
conventional. A conventional I/0 bus controller 108 controls
the data flow between the I/O bus 110 and the processor/memory
bus 106. Conventional input/output devices 116, e.g., a
keyboard, is connected to the I/O.bus 110. A conventional
computer monitoxr 112 is driven by é graphics engine unit 114.
The graphics engine unit 114 is described in greater detail
below with reference to Figures 2-8.

Figure 2 is an illustration of the graphics engine unit 114
of the present invention. A frame buffer interface (FBI) 204 is.
coupled to the I/0 bus 110. The FBI 204 is coupled to a frame
buffer memory 202, a conventional digital-to-analog converter
{DAC) 206, and one or more texture mapping units (TMU) 210. The
DAC 206 is also coupled to the monitor 112. Each TMU 210 is
also connected to a texture memory 212. The FBI 204 is an
application specific integrated circuit (ASIC) that serves as a
I/0 slave device, and all communication from the processor 102
to the graphics engine 114 is performed through the FBI 204.
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Preferably, the frame bufier memory 202 and the texture memory

212 are extended-data-out (EDO) dynamic random access memory

(DRAM). The TMU 210 receives a control signal CTRL from the FBI

204 via a control signal line 216. In addition, the TMU 210

‘receives a local texture color/alpha signal f£rom its associated

texture memory 212. The local texture color/alpha signéi is
received via a local texture color signal line 226, and a local
texture alpha signal line 228. In addition, each TMU 210
receives a texture color/alpha input signal from a previous, or
"upstream”, TMU 210. The texture color/alpha input signal is
received via the input/output texture color signal line 218, and
the input/output texture alpha signal line 220. Each T™MU 210
generates a texture color/alpha output signal. This texture
color/alpha output signal is transmitted on another input/output
texture color line 218 and another input/output alpha texture
color line 220. The texture color value generated by the TMU
210C that is the last in the chain of TMU's 210 is transmitted
to the FBI 204. The inputs to the TMU 210 and the outputs from

Fed $£ighgl e execution

the TMU 210 are described in greater detail below with reference

to Figure 3.

Figure 3 is an illustration of a TMU 210 and a texture
memory unit 212 of the present invention. Each TMU 210 includes
a texture compositing unit (TCU) 304 and a LOD composite factor
register 302. The LOD composite factor register 302 includes

" information relating to the image's level of detail, as

described below. The TCU 304 receives the CTRL signal via the
control signal line 216, a texture color input signal, a local
texture color signal, and a data signal. The texture color
input signal is comprised of a texture color input signal Cjp
received on the input/output texture color signal line 218 and a
texture alpha input signal Aj, received on the input/output
texture alpha signal line 220. The local texture color/alpha
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Figure 1 is an illustration of a conputer.systen1in which  the preferred

enbodi nent of the present invention operates. 25 . Figure 2 is an
Mlustration of the graphics engine of the: preferred enbodi nent of the
‘present invention. Figure 3 is an illustration of a texture
mappi ng unit and texture nenory according to the preferred enbodi nent
of the present invention. 30 Figure 4 is an illustration of a .
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3 -described above, the texture color/alpha input signal is the
texture color/alpha output signal from a previous (upstream) TMU
210. For the first TMU 210A no texture color/alpha input signal
is received. The local texture color/alpha signal is produced
10 from a texture lookup in the texture memory 212. The result is
a signal that is, preferably, in a 32 bit red-green-blue-alpha
(RGBA) format having 8-bits allocated for each texture color
component. The texture color/alpha input signal (Cjp, Ajp). the
texture color/alpha output signal (Cgyt, Aouyt). and the local
15 - texture color/alpha signal (Cjgecal: Rlocal) are all in the 32
bit RGBA format. Persons skilled in the relevant art will
recognize that each texture color component can be represented
by a different number of bits and that different and additional
texture colors can be used. In addition to the various texture
20 color signals described above, the TCU 304 receives the control
signal CTRL from the FBI 204 via control signal line 216. The
operation of the control signal CTRL is described ‘below with
reference to Figures 5-8.
Figure 4 is an illustration of a TCU 304 according to the
25 present invention. The TCU 304 includes identical logic for
each of the four color channels of the téxture color signal,
i.e., red, green, blue, and alpha. The logic for the red color
channel is located within a texture red combine sub-unit (TRCU)
402A. The logic for the green color channel is located within a
30 texture green combine sub-unit (TGCU)} 402B. The logic for the
blue color channel is located within a texture blue combine sub-
unit (TBCU) 402C. The logic for the alpha channel is located
within a texture alpha combine sub-unit (TACU) 402D. 1In the
preferred embodiment, the TRCU 402a, the TGCU 402B, and the TBCU
'35 402C perform the same functions. Accordingly, the control
signal CTRL includes a first set of control bits, CTRLygp, On
color control signal line 404 for controlling the functions
performed by the TRCU 402A, the TGCU 402B, and the TBCU 402C.
The control signal CTRL also includes a second set of control

6



WO 97/ 16803 PCT/ US96/ 17401 mappi ng

unit according to the present invention. DETAI LED DESCRI PTI ON
—THE I ment—of—the e

present invention is now described with ref erence to the figures where

i ke reference nunbers indicate identical or functionally simlar

el enent s. Also in the figures, the left nost digit of each reference .

nunber corrwopmdmto the figure in which the reference nuRGBUSHATHY fir st

used. ur t s t n -
whi ch the 21% errae oerlnﬁ!ogltrque;%?'%y {.’%g f)%%gﬁl?s %’ggrﬁ&%g‘ndsgflogg%;?gg In the
pr ef er r efi0&RbodFhR: riecanse sesnplit PNEFSE P aDETRL fxg G@ﬁ’@éﬁ?ﬁoﬂal per sonal
conput er alphd. coriird1Bdiemanalihkes16. pem@rwdnmlplﬁ:ghall nias aiéernate

enbodi me t [ g

Ni nt endoi%a%re p"foﬁy qoloz C%%Eginc%g ﬁaya:\e]gr? rdg% | %858 CRR Ry i ca,
| nc. , SReSHFRAL 1n€V\A§1Iﬂ-ngt16‘nanl ﬁl't:ﬁ@‘#/%f%‘ﬂ?%“@ﬂfo(ﬁaﬁé‘ntte?‘ﬁ@rﬁrocessor 102
of t heo:ﬁlsmtsa.no-&yﬁttemonoasl goAt oDl éd b riRasRidentodsRESbEl | Y 20

avai | abI | NTEL Corporation, Santa Clara, California. The menory
104 is con%ngﬂ onal random access nenory (RAM. The processor/ nmenory bus

106 and the iFgeh /T AR meceiveasfive darka inmdisrentognshe RREBn4@2RI onal
I/ O bus @@mrmiw akB tHeNtrBeUs 402Ct BRe ddputd Q¥ anecabhile thkEubes 110

and HBe RGPSE f%ﬁé“ﬁ?%ﬁél comprised of Cjgcal and Ajpcal. the input
texture color/alpha signal comprised of Cj, and Aj,, and a blend
factor received via data line 320. .In addition to these data
signais, these texture combine sub-units 402A, 402B, 402C,
receive a first set of control bits CTRLygp, as described above.

15 Similarly, the TACU 402D receives five data inputs. However the
data inputs to the TACU 402D differ from the other texture
combine sub-units_402. The data inputs'to the TACU 402D include
the blend factor received via data line 320, two copies of the
input texture alpha signal Ajp and two copies of the local

20 texture alpha signal Ajgeal- That is, the TACU 402D does not
require the input texture color signal Cjp or the local texture
color signal Cjgcal- In addition to these data signals, the
TACU 402D receives a second set of control bits CTRLy, as .
described above..

25 " Bach TCU 304 of the present invention generates a texture
color output signal Cgut and a texture alpha output signal Agyt
from the input signals described. above based upon at least the
follqwing functions (or their equivalents):

(1) zero;
30 {(2) one;"

(3) Cin;

(4) Ciocali

(5} Cin + Clocal:
(6) Cin - Ciocal:
33 {7) Cin * Clocali
' (8) Cjn * Clocal * Alocal’
(9) Cin * Ajocal *+ Clocali
(10) (Cin - Clocal) * Fblend *+ Clocal!
(11) (Cin - Clocal) * (1-Fplend) * Clocal-
7



25 bus 106. Conventional input/output devices 116, e.g., a keyboard, is
connected to the I/0O bus 110. A conventi onal conputer nonitor 112 is
driven by a graphics engine unit 114. The graphics engine unit 114 is
described in greater detail bel ow with reference to Figures 2-8. 30
Figure 2 is an-illustration of the graphics engine unit 114 of the

present invention. A frame buffer interface (FBlI) 204 is. coupled to
the 1/0 busWPH¥18MBe FBl 204 is coupled to a frame bufFE?“ﬁ@ﬁ@WV 202, a

conventional gikgiwiah- b@-%&%@%ﬁéﬁbns skﬁPf@l Gth@”éh?e mor e

texture ng un 35.DAC 206 1s also cou o the
noni t or %%%grEEEHC#hEP 16F|§P£tr°¥ﬂ§§ qﬁ&ﬁn&é?eﬁetBS%dt%RtQﬁ%ﬁ?ﬁﬁﬁwy 212,
The FBI 204ikdomal outpwppl$ignalen sFawictionsnieyralel ate augdfyNIdY that

serves a%oﬁ\bln:.nblﬁ.&{: £e Gesitifre ¥ odlsl, CRANYAE @ﬁ'@f‘ érﬁ%{hﬁ?g gssor
}102 5 o%t ‘iog 8@55 ig%gcetllo]hlls |a)perfor(g?si J.Srl?ggd %ct]r blending
PCT/ US96/£ER4Qre colors, as described below. The ability to blend a
transparent texture color with a base texture color is achieved
using the alpha values of the texture color/alpha signals. The
ability to generate a signal having a logical zero or a loglcal
10 one value permits a zero transparency blend or a full
transparency blend to be implemented based on the values of the
CTRL signal 216 ‘and, therefore, does not require the storing of
the blending factor Fpleng in texture memory 212. an output
signal that is equal to the texture color input signal Ci, or
15 the local texture color signal Cjygea] (functions (3) and (4))
can be used to distribute these texture maps across multiple TMU
chips 210 within the graphics engine 114. Thus the texture map
can reside in any TMU chip's texture memory 212 and adding
additional TMUs 210 to the graphics system increases the total
20 texture memory 212 available in the graphics system.
Generating an output signal by combining the texture color
input signal and the local texture color signal, i.e., Cjp +
Clocalr can be used to model a specular or additive lighting
- effect. An example of a specular lighting effect is a highlight
25 reflected from a shiny object, e.g. , an aluminum can.
Generating an output signal by subtracting the local texture
color signal from the texture color input signal, i.e., Cjp -
Clocal: can be used to model shadows. Generating an output
signal by multiplying the texture color input signal and the
30 local texture color signal, i.e., Cjip * Clocall-can be used to
model a diffuse or multiplicative lighting effect. A diffuse
lighting effect occurs. when the intensity of light reflecting
from an object is dependent upon the orientation of the object
with respect to a light source. 1In addition, multiplying the
35 texture color input signal and the local texture color signal
can be used to model a filter, such as a red lens or a glass
window. '
Generating an output signal Cgoyt/Aout using a multiply and
add function models the combination of the multiplicative or
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nmorphing, and_ trilinear filtering. The operation of the TMJ 210 is
descri bed in greater detail below w th reference to Figures 3-8.
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multiple texture colors sxgnals, e.g.. Cln and Cipcalr can be

15 blended together to form a new texture output color signal Cout
and a new texture output alpha signal Agyt. Accordingly, each
TMU 210 can perform composite texture mapping including texture
morphing and trilinear mipmapping using functions (10) and (11)
sét forth above. 1In éomposite téxture mapping the value of the

20 Fplend Signal in function (10) or (11) is typically equal to the
value of the Aj, signal, the Ajgcal Signal, a function of the
LOD signal, e.g., £(LOD) signal, or the fractional portion of
the LOD signal, e.g., frac(LOD). One ekample of composite
texture mapping is appiying a translucent or opaque decal on top

25 of another texture. Rather than ;astérizing the decal after a
base textured polygon is rendered, as is done in conventional
graphics systems, the base texture image and the decal texture
image can be combined in one execution pass of the graphics
system, where a TCU 304 in a first TMU 210B generates a first

30 texture image and a TCU 304 in a second TMU 210C receives the
first texture image, e.g., the decal texture image, and combines
it with a second texture image, i.e., the base texture image.
For example, dirt marks and scratches can be applied to a
textured wall in one execution pass by the TCU 304 by placing

35 the dirt marks and scratches in a translucent texture output
from a TCU 304 in the first TMU 210B and blending this texture
with the underlying textured wall in a TCU 304 of the second TMU
210C. 1In conventional systems, one large texture is created.
The advantage of separating the images into two textures is that

9



menory unit 212 of the present invention. Each TMJ 210 includes 30 a

- texture conpositing unit (TCU) 304 and a LOD conposite factor register
302. The LOD conposite factor register 302 includes i nformation
relating to the image's | evel of detail, as - described below. The TCU
304 receives the CTRL signal via the control signal line 216, a texture
col or input vié%a&wa | ocal 35 texture color signal, and SI naI
The texture i nput signal is conprised of a textur put

signal (] eie] underigdngvbdsemwahk te)muz{a)w‘anubet axhige méarutﬁcﬂﬁal l'ine
218 and a- aitn ut n the
|nput/outpﬁp akﬁﬁggﬁgﬁ?gﬁgr % & { gna I|ne ZéLrTﬁﬁfgo %ﬁgéhbdﬁﬂc
color/eﬂ[ﬂm9°d or stucco, whlle the translucent texture can have a lowwo

97/ 16803 resolution. This combination gives tthfil§§§$ﬂZ&@lummx gnal is

ComPr ! B0 e bIBAlobRAIAG, EOKOERS A UnchGR| bl uc 1od B S 2*ed on the

| ocal textur gnha si gna

Al ocal thé{nqesrlaféeg FeFtYRet helP RIJition. o bhg Bnéﬁﬁhﬁl%g g}me Mqiel 228. The
data si gnalextureccenyadsbr bé used for other walls, either without a

translucent texture or with different translucent textures. As
described above, a feature of the preseht invention is that

10 multiple texture images can be combined in a single execution’
pass, i.e., one pipelined execution of all of the T™™Us 210.

In composite texture mapping if the value of the Fpjeng

-signal is based on the level-of-detail (LOD) of the image, the
signal is either received from the LOD composite factor register

15 302 via data line 320 or is generated by additional logic based
upon values stored in the LOD composite factor register 302. 1In
general, the level-of-detail is a measure of the magnification
of the image, or more precisely, is a measure of the number of
texels contained in each pixel. Uses of composite blending

20 include creating composite texture images and morphing texture
images. When morphing texture images the blending factor is
varied in time, resulting is a gradual fade-out of the base
texture and a fade-in of the composite texture. One example of
texture morphing are images illustrating the transformation of a

25 man into werewolf. A first texture'image'can be the skin of a
man, the second texture can be animal fur. In time, the first
texturé fades-out and the second texture fades-in creating the
image of a werewolf transformation.

If the system includes multiple TMUs 210. the system can

30 implement trilinear mipﬁapping in a single execution pass by
compositing two bilinearly filtered texture maps. Each bilinear
filtering operation is completed in a separate TMU 210.
Alternatively, a singlé TMU 210 can implement trilinear
mipmapping in two execution passes. In a dual TMU model, two

35 TMUs 210 each comprise data which together represent all mipmap
levels. For example, one TMU 210B has all odd mipmapping
levels. A second TMU 210C has all even mipmapping levels. This
is an efficient technique for storing the mipmap levels since
each mipmap level is stored only once, i.e., in either the first

10




5 the LOD conposite factor regi st#™ 302 via data line 320. As descri bed
above, the texture color/al pha input signal is the texture col or/al pha

' BVi ; r thefirst—TvM—216A
no texture col or/al pha input signal is received. The | ocal texture
col or/al pha signal is produced 10 froma texture |ookup in the texture
menory 212. The result is a signal that is, preferably, in a 32 bit"
red- gr een- bm"&ma (RGBA) format havi ng 8 bits all ocat"éﬂ"‘fsﬁf’"é&’ch

texture r t h p a9 derr],
Alerr]), 21 texture coﬂ'oﬁiﬁ? ﬁ%% ut srd%ﬁ’? grrd véil\ err § and the
| ocal 15 T‘f‘@xt u® assGEARe hangﬁna‘F ¢ geh rﬂlg’%ﬁ[leFFPfeﬁleEtﬁl Fnr n the 32

bit RGBA dpprmtimaRdiomonE skel ratio nof heexedl @ixeh apt piikkl pitercogmi ze t hat

each text bge r di £ f rrber of
zktf]fe Q%r% 1%%”&%9@9&;:%&1 St N EPf BSRIEC thip maB?Slﬁg ikfg ge 3

bits apnd fhat orsS can

er ent a, g gr onal texturée co
addi ti®n It“ﬁ“i%é'%aﬁ\fs remrgaboParamptdiciialld GOUPRESEJCERBYLCS { he TCU
304 recei vsmcmmmt BROC.) Nei gdal 1-€TRL(Julgm1idies ) FBEkha@4isi hereiy r ol

si gnal |ing oiratiy erQESEéLbQ”:.Rf %é‘eerFﬁ’Pét@ Shﬂ”%hecerl&oa%m&?é%f bed

bel ow w t reaferen ures
i || ust r at ¥ohtiftear T‘BB“‘S‘@EJ-&SCO?Q‘F%@‘“‘?B Jc%lzg-spre@é‘éﬂrt tPniBRt tBReISRe TCU

304 i ncl uaekue dﬁrtunealr..obogngn&mr Howewed, athd maghdffdcaaclion ehabeeés of t he
textuyg &’ Pz{lf'&“ n :una]ge i§: fré?xqﬁnﬂif%tdﬂéﬁetw%”%ghgﬂ n}'géfs' ogi ¢ for

the red c annel” is | oca hin texture I ne sub-unit

(TRCU) Acmn@ﬁe It8§ Pregent nanyerelrn saablesa fiel SFsuPBEa?bd within a
30 text Lmipmmrt:cc(hd)ihlendaa- aocdrdiNg fo 4B fratidohadi poteionhef the bl ue’

28'2?; 'Cl'ﬂe Cgi}allocﬁh%d ‘“”f%ﬁl:gﬁén exiﬁ”c?ﬁééx“%oc%b%téugn imagdni t (TBCY)
av1ng a proper texel-pltch/plxel—pxtch ratioc. Additional

15 details for implémenting trilinear mipmapping in the present
invention are described below with reference to Figure 7 and
Figure 8. ‘

As described above, a feature of the present invention is
the ability to cascade several identical TMUS 210 in a serial

20 architecture, where each TMU 210 is capable of performing, at
least, functions (1) through (11} described above. The multiple
serial T™™Us 210 enable a plurality of functions to be performed
on multiple texture maps, e.g., one texture map per T™MU 210,
during a single execution pass.

25 Figure 5 is an illustration of a texture combine sub-unit
402 according to a first embodiment of the present invention.
Each texture combine sub-unit includes several logic units.
These logic units include a pass-thru/replace/constant unit 502,
a multiply and add unit 504, an add unit 506, a subtract unit

30 508, and a blend unit 510. Distinct logic can be in each logic
unit or the logic can be combined as illustrated in Figures 6
and 7. In the TRCU 402A, the TGCU 402B, and the TBCU 402C the

- data inputs include the texture color input signal Cip., the
texture alpha input signal Aj,., the local texture color signal

35 Cjocal: the local texture alpha signal Ajgca]l. and the blend
factor Fplend received via data line 320. In addition these
texture combine sub-units receive the CTRLygh control signal.

As described above with reference to Figure 4, the data received
by the TACU 402D include two local texture alpha signals Ajgeal-

11




within a texture al pha conbine sub-unit (TACU) 402D. In the preferred
enbodi nent, the TRCU 402A, the TGCU 402B, and the TBCU 35 402C performthe

sanme functions. Accordingly, the control signal CTRL includes a first
set of control bits, CIRL[err] on color control signal line 404 for
controlling the functions performed by the TRCU 402A, the TGCU 402B,

and the TBCU 402C. The control signal CTRL also includes a second set

of control WO97/16803 - PCTAUSS6AT4RH)

?7/16803 two_texture ?lpha input szgnals Ain. and?%%ﬁUSQéé%gﬁéﬂtor' bits CTRLa
or contr ing t unct i ns r e cond set

of contr Ilp ‘g Ak APe ec%ﬁg\;e B’ﬁ Cé@ﬁ??-ofl%ﬁa slﬁ?ﬁs} ' The

control swifdalan lﬁlechlGSlQnPﬂicMe@Q fﬁa.rc(ﬁlanaéonsr sepiagmavith ran 4G4, and
the al phasf@mlr ol qhes 'p@.@%l-tht{i?céﬁé)tadtﬂ'ﬁblacbehﬁateSQQbQQéQFxFEs aasd

s gnal 8. 1o B 2a bendratds WEeY, & ik SRR S ERat s A TRoy a02
blnary one signal, a signal representing Clocal- a slgnal
representing Ajgcals @ signal representing Cjn, or a signal
representing Aj, based upon the CTRL signal. The multiply and
add unit 504 receives the inputs signals and performs a multiply

10 and add operation on the inputs based upon the CTRL signal. The
add unit 506 receives the inputs signals and performs an add
operation on the inputs based upon the CTRL signal. The
subtréction unit 508 receives the inputs signals and performs a
subtract operation on the inputs based upon the CTRL signal.

15 The blend unit 510 receives the inputs signals and performs a
blending operation on the inputs bésed'upon the CTRL signal.

The functions of the texture combine sub-units 402 can be
combined, for example, the add unit 506 can be eliminated and
additions can be accomplished using only the multiply and add

20 unit 504. In a second embodiment, the logic units are combined
as illustrated in Figure 6 and Figure 7.

Figure 6 is an illustration of a texture combine sub-unit
402 according to a second embodiment of the present invention.
Each texture combine sub-unit 402 includes four logic units.

25 The logic units are a pass-thru/subtraction unit 602, a blending
factor determinator 604, a ﬁultiply and add unit 606 and a
clamping and inversion unit 608. The data inputs for the TRCU
402A, TGCU 402B, and the TBCU 402C are the same as described
above with respect to Figure 5. That is, Clocal: Alocal: Cin:

30 Ajp, and Fpjend. The data inputs for TACU 402D are Ajgeal
(twice), Ajn (twice), and Fplendr as described above. 'An
example of the logic within each logic'unit is described below
‘with reference to Figure 7.

Figure 7 is an illustration of the logic in a texture

35 combine sub-unit 402 according to a second embodiment of the
present invention. The pass-thru-subtraction unit_602 includes
a two multiplexors (MUX) 702, 704, a two's complement operator
708, and an adder 706. The blending factor determinator 604
includes a MUX 710, an exclusivé—OR gate 714, and an incrementor

12



TGCU 402B, and the TBCU 402C the inputs are the local texture 10

col or/ al pha si gnal conprised of C[ err] and Alerr], the input texture
cotortatpta—sTgmat—conprised—of —CferT—amd—A{er T, and—a biend factor
received via data line 320. In addition to these data signals, these
texture conbi ne sub-units 402A, 402B, 402C, receive a first set of

control bits CTRL[err] as described above. 15 Sim-larly, the TACU 402D
recei ves fiw&)sua'ﬁmi nputs. However the data inputs to tﬂ@TfUﬂ@D'MIUZD

di ff f 4 2 t t
the TACU 2D ?‘ﬁ‘% i tl?ﬁ?’ﬁg‘ﬁ%l ?e“’%ﬁ?é‘te#lb’e =, doml P F RS AES (O
copi es ofMPhe/ pha Re FHATDANG; PPdaFIHVFV\EJ-%p‘% cﬁosc he

| ocal 20 imcauﬁeas alrpl&}bmtgnahmﬁl 224l and bt exsclusieeTAORUgd0& D72ihes Aot

require t R 0% sigpa r t t

col or ?ﬁ’r Htdd i gk 0h, SAIM OIS it Unpildfieh®iy LA Wkyre
receiv s %P TSN FURsungit @H-ﬁFFanﬁl?Ee Eeg-exclusive. joTBR| bed above. 25
Each TCU 3fish edderitea ipne DN FunBy £ahs ONL ey aeds forthxhbbee will @edr out put

:: 822: sqdéﬁcr |%n'd taqbg’ asegk%geau{'&%héI%Ivaﬁkeg?ol | ow %go;nutngtel IOEEUE or
their equt QHRQSat1°n °f funEE}°Eeﬁ%@)EﬁF1n - C1p2p1dn&; Fpolena + (3)
err c i 11) (Cinp(o)C *+ (CLe +
Clerro: A Shcrimea ) Qo ? Bl T G Ay
v Ale The implementation of function (10) and function (11) is
described below with reference to Figure 7. The control signal
CTRL includes the ZERO/OTHER control signal, the SUB_CrocalL
control signal, the ADD_Ciocay, control signal, the ADD_Ajocar,

15 control signal, the INVERT control signal, the REVERSE_BLEND
control signal, the INCREMENT control signal, and the
SELECT[2:0] control signal. MUX 702 selects Cip based upon
control signal ZERO/OTHER. Similarly, MUX 704 selects Cjgeal
based upon control signal SUB_Crocpar,- The two's complement unit

20 708 performs a two's complement opération on the output of MUX

' 704. Adder 706 performs an addition operation on the output of
702, i.e., Cijn, and the output of the two's complement unit 708,
i.e., a representation of -Clocall(negative Clocal) -
Accordingly, the output of adder 704 is Cin-Cjocal-

25 The MUX 710 in the blending factor determinator 604 selects
one of six inputs (0, Cigcal: Bins Alocalr E(LOD), and
frac(LOD)), based upon the value of the SELECT[2:0] control
signal in the blending factor determinator 604. If the texture
combine sub-unit 402 is performing a trilinear mipmapping

30 operation, the SELECT[2:0) control signal selects the frac(LOD)
signal representing the fractional portion of the LOD value, as
described above. If the frac(LOD) signal is selected by the MUX
710 and the blend factor determination operation is occurring in
a TCU 304 that is associated with the odd mipmap level and the

35 integer portion of the LOD signal is odd, then the blending
factor is equal to frac(LOD). Therefore, the REVERSE_BLEND
control signal is equal to a logical zero. Similarly, if the
frac(LOD) signal is selected by the MUX 710 and the blend factor
determination operation is occurring in a TCU 304 that is

derr]
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(9) derr] * Alerr] + Jerr]; (10) (derr] - derr]) * Flerr] +
Jerr]; (11) (derr] - derr]) * (1-Flerr]) +.Cerr].

7 WD 97/ 16803 - _

PCT/ U896/ 17401 It will be apparent to persons skilled in the art

t hat ot her functions or control signals can be used to generate

addi tional output signals. Functions (1)-(11) are useful for conbi ni ng.
mul tiple teﬂ‘&? 168% ors. An output of a logical zero 5 or Bcr’Hﬁ?‘t‘,laﬂ“one
(functionasedriatdd(wWithithel sk chl pla@dieR@1 anlie¥hd! £ned ion af o

descri bed I The IJity to end nsparent tex ure c or w
base text &P’% %o?l?gggc’rﬁe ‘fﬁf’ ﬁg’et P’?&e&aﬁ'} fartet if emal S ure
col or/ al pfixagi{§eR) sandhtehe Rmnsmnmmme sighghals hequay to l0gi cal
zero or albg@tadl zdPoone value pernmts a zero transparency blend or a fuI
transp ency blend to be enent ed hased .on the, val ues of

si gnal 16 and&g ﬂ%?e‘f”c')?‘é ess’I%’ta é&ulsF&eFﬁsgsPXthﬁ My 71‘? r@%l@ﬁjl ng
factor Fbbdsadi ﬁacmrudetmmqtm.ommmpuus occurring in a TCU 304

that is associated with the odd mipmap level and the integer
portion of the LOD signai is even, then the blending factor is
equal to: l-frac(LOD). This situation occurs when implementing
10 function (11). Therefore, the REVERSE_BLEND control signal is
equal to a logical one and the INCREMENT control signal  is equal
to a logical one. Simiiarly. if the frac(LOD) signal is
selected by the MUX 710 and the blend factor determination
operation is occurring in a TCU 304 that is associated with the
15 even mipmap level and the integer portion of the LOD signal is
odd, then the blending factor is equal to: 1-frac(LOD).
Therefore, the REVERSE_BLEND control signal is equal to a
logical one and the INCREMENT control signal is equal to a
logical one. Accordingly, when the REVERSE_BLEND and INCREMENT
20 control signals are high, a two's éomplement operation is
performed on the output of the MUX 710 by the exclusive-OR gate
714 and the incrementor 730 generating the (1-Fpjeng) component
of function (11). Logic external to the TCU 304 controls the
REVERSE_BLEND control signal. The INCREMENT control signal is
25 high when the REVERSE_BLEND control signal is high or when the
output of the MUX 710 is not frac(LOD).

' The multiplier multiplies the nine bit output of adder 706
and incrementor 730. The output signal of the multiplier
represents (Cjn - Clocal) * Fblend for function (10) and (Ci, -

30 Ciocal) * (1 - Fpleng) for function (11). The multiplier 716
generates an 18 bit output. The nine most significant bits
(MSB) are input into adder 722. The second input into adder 722
is the output of MUX 718. The ADD_Crocar/ADD.Arqocap Signal is
set to binary "10" in order for MUX 718 to select the Cjocal

35 signal. Adder 722 adds Cjlocal t© the output of the multiplier
716. The output of adder 722 is received by the clamping and
inversion unit 608. The output of adder 722 is clamped between
00 and FF, i.e., the clamper 724 outputs the eight least

- significant bits. The INVERT signal is equal to zero since no

14



signal that is equal to the texture color input signal Cerr] or 15 the

| ocal texture color signal Cerr] (functions (3) and (4)) can be used to
i ' ' rmthe—
graphi cs engine 114. Thus the texture nmap can reside in any TMJ chip's

texture nenory. 212 and addi ng addi tional TMJs 210 to the graphics system
i ncreases the total 20 texture nmenory 212 available in the graphics system
Cener ati ng amMOOU6808 signal by conbining the texture col or PCTUSBIPL sj gnal

and the '%%r&??ﬁ“ﬁ F&red QBaﬁmﬁleﬁenthEﬂr 'Tunc'& %er(ﬁ.b? gan be used

t o nodel asequ Ithi ng ect n exanple of a-
specul ar EUBRELRY éﬂ'bct Acgor Pgﬁm gﬁlf‘ 2ENPYt ANt tth® PUSREE ©Fi ny obj ect
e.g., an axchusivecoR. gate Tasnearet thg aameudanditars @@ia]by_osubgﬁaetl ng the

Gorr] - Cota) + Fofend %@&50%‘-’“““‘“‘?‘%”&? mgl‘”’%er#g? i T he
si gnal 50y *miftt pFlylﬁgd)( he ql&qallr §°Eo BRSFEPRt (&)gnal and the 30 1 ocal
texture col or Bigueé,8ii®.a floschhrt &fethé¢,oparationisddthe TMU pbdel R

di ffuse ormgub bpkgcgléwgtéa Qﬂfz' ngaséag %oﬁ-\ did féb%fptrol smbﬁ%&. ?xef tRst

occurs when %e I ntensit g
dependent 'I'lQ:HOf%Of1 h@eﬁ?mﬂ%‘?t |3c94 (} gheoBpFaRt functjom ste§|§§tiﬁsf-§da | ¥§ht
source | ra 2ddistansd, fomdticy iisngegnesB8ad, t exé LTCU QU IgeneRattesi gnal aand t he

| ocal ‘ir a'iol:%réé&g@ing the %QqﬁE&gééd %@s@&el SARRY %1:‘6“362 a red

| ens or ner a an output Si
Clerr]/ A[ @lsp derpgmines | §3%4f a,gass-thyy ?Erﬁt’ﬁﬂ;a}ﬁﬂj%rﬁ &oBoiBi nation
of the nuldegunkiseadli b&séd upon the control signal CTRL. If a pas8~thru or

a replace operation is requested, the TCU 304 generates 812 a
signal representing the requested pass—thru'or replace

15 operation. The TCU 304 also determines 816 if an addition
operation is requested based upoh the control signal CTRL. If
an addition operation is requested, the TCU 304 generates 818 a
signal representing the addition of the selected inputs. The
TCU 304 also determines 822 if a subtraction operation is

20 requested based upon the control signal CTRL. If a subtraction
operation is requested, the TCU 304 generates 824 a signal
representing the subtraction of the selected inputs. The TCU
304 also determines 828 if an multiply and add operation is
requested based upon the control signal CTRL. If a multiply and

25 add operation is requested, the TCU 304 generates 830 a signal
representing the requested multiply and add operation. The TCU
also determines 834 if a blend operation is requested based upon
the control signal CTRL. If a blend operation is requested, the
TCU 304 receives 836 a blend factor and implements 838 a

30 blending operation to generate a blended signal.

While the invention has been particularly shown and
described with reference to a preferred embodiment,'it will be
understood by persons skilled in the relevant art that various
change in form and details can be made therein without departing

35 £from the spirit and scope of the invention.
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WO 97/ 16803 PCT/ US96/ 1740 di ffuse

A 5 e

he | ocal
t ext ur € cdl ot ngnhI aand t hen addi ng the | si gnal ,
I.e., (err] *= derr] + Alerr], 5 nodels a texqtur
and a nnnochrone specul ar hlghllght - Simlarly, nultipl ﬁ %Hﬂhe I nput

texture VOB gnal by the local texture al pha signal Y the

| ocal texture color signal, i.e., CecrArpsAlerr] + Cerr], nodels a
nmonochrome diffuse highlight and a texture col ored specular 10 hi ghli ght
effect. It should be noted that with nore inputs the TCU 304 coul d

i mpl enentWRaR drs @ladmed RBghl i ghts and col or specul ar hi ghlights

si mul t aneousl y. As stated above a feature of the present invention

15 bl eded roght et SiFEFEras ckBesl PN Sl ot ERforiflda1 “ o ng
a new t ex@nfl & RAIANA HeRFHre; gﬁéPrAféglP?l A&,cm)rlérmWnteaghone afia 210 can
perform asrgasi fuhdtenaadTanPhad Fasctibd itguhesingle execution
pass, the apparatus comprising:
a first texture composite unit including:

10 a first blend factor determinator, for determining a
first blend factor, said first blend factor representing a
relationship between the first texture color signal and the
second texture color signal;

a first blending unit, coupled to said first blend

15 factor determinator, for blending said first texture color
signal and the second texture color signal based upon said first
blend factor; and _

a first addition unit, having the first texture color
signal and the second texture color signal as inputs, for adding

20 the first texture color signal and the second texture color
signal.

2. The apparatus of claim 1, further comprising:
a subtraction unit, having the first texture color signal
25 and the second texture color signal as inputs, for subtracting
the first texture color signal from the second texture color

signal.
3. The apparatus of claim 2, further comprising:
30 a multiplication and add unit, having the first texture

color signal and the second texture color signal as inputs, for
multiplying the first texture color signal with the second
texture color signal and adding one of the first texture color
signal and a third signal.
35 ' .

4. The apparatus of claim 2, further comprising:

a multiplication unit, having the first texture color
"signal and the second'texture color signal as inputs, for
multiplying the first texture color signal with the second

16
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h|n and tr|I|near m prmappi ng using functions (10) and (11) set

T‘?\L}"B mmml!‘l“imlmmye tex;glrgamappl ng the vaI ue of '\tlgeugOOF[err] S|egrgpal

si-gnal ocal” signal, a function of the n signal, e.g., f(LOD)
signal, or the.fractional portion:of ageNdnal , e.g., frac(LOD).
One exanple of conposite textu appltlng a transl ucent or.
opaque decaWeR11683 25 of anot her f man 1 astFGIUPHY4he
decal aftgdxture cdldzestigrhyred pol :
conventi onal graphi cs systens, the base texture | mage and t he decal
texture | mge. can be conbined in one execution pass of the graphics
system where % TCOhgO4pparatasref SMim UOB fysrvdeat compriising: 30 texture
i mage and a TQU cHikcaReagaREPEeidIMIOC S Yariraitg o slbhfl texture

I nes it wth a second

I mage, t he decal tex
t ext ur i an%ng £hET gg1?%é?§ﬁ1??tﬂage For exanple, dirt marks

and scratches can be applled to a textured wall in one execution pass

by the TCU 304 by | ﬁﬁc&ﬁ%ﬁ:’ kQ~a translucent
texture out putA6 #‘Bgag‘étﬁg oof! é::ilﬁﬁ ‘I{l rst éﬂgfendl ng this
texture vmﬁIPaFﬁetHﬁHePP§anc?¥H} &P e fiFst teetges §P1P¥e second
THU 2dixmall ,n foanvanputhihg sylse efer s to exttange cdodorusdghnalcr eat ed.

The aggantage of separating the images into two textures is that

9 :

7. The apparatus of claim 1, wherein the first texture
color signal and the second texture color signal include four
texture component color signals.

15 ' 8. The apparatus of claim 7, wherein said four texture
component color signals include a red color signal, a green
color signal, a blue color signal, and an alpha color signal.

9. The apparatus of claim 7, further comprising four
20 texture combine subunits, each texture combine subunit
associated with one of said four texture component color
signals, each of said texture combine subunits having said first
blend factor determinator, said blending unit, and said addition
unit. '
25 _ .

10. The apparatus of claim 9, wherein each of said texture
combine subunits receive a control signal, and performs one of
the blend function and the add function in response to said
control signal in a single execution pass.

30 _

11. The apparatus of claim 9, wherein two or more of said
texture combine subunits receive a first control signal and
performs one of the blend function and the add function in
response to said first control signal in a single execution

35 pass.

12. The apparatus of claim 1, further comprising a second
texture composite unit, including:

___g_ggcond texture composite unit receiving said fifth
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under“mlm“ﬂmmwumexture can be a high resolution repeating texture,
unit length, such as wood or_stucco, while the

transl aiceht tedture can have a | ow .n_[‘g}gg NG gEEN $ combi nation gives

the illusion of having a 5 |arge nd pf extuge at t he high
resol ution of the under |l yi ng textlure

If'n" t he ing base -
wal | t ex¥RPUIBY, al so be used for other wall S, elther M’?ﬁﬁ%ﬂﬁx 9
t ransl| ucerxture wodoar sighil dadd esrentoft raaisl HRERE textureScolsr sidigscri bed

above,. J&Ewﬁ Foulr gﬁ eaﬁé&‘?& +5‘i’<?f‘t§1$hals f&tsfat s.-le”ylééP' ,gext LIr

| mges can be conbi ne a_single ellned
execut | orff WPeAiteounife ?ﬁ&g $e¢ond textureq ﬁ°@§ﬁ§é§?t%niéxxmnludnaqm ng if
the val ue of the Fla eedond Blendl factdrsiaterminiCokeVebr Cet@tminidd @) of

rogi star i ol preReIFcbF, e-***%‘%f%f‘ff?‘@s%%ﬁ%dﬁ BAELOE FRRETIRY g e

based HATIPRshdP Seswesn sridLikty tansoge: eolart sionalyiandromoE | n
gener al , édiﬁd lehield elextteirai bolor asimmsliamdisalide £6ag6h{ tE&REwAS cold¥ the
i mage, gg#ﬁ_pre0|sely, I s a neasure of the nunber of texel s contai ned
I n each p| ‘Uses of conposite blending 20 include creating conposite

texture inages andarsegordgblending unit.; meyededviiensabd phecond ddend
| mgesQt h&é&!&n@éﬂrﬁrﬁ&h@brl Sfor bléddify igaid FRerhesektard S16 9r adual
f ade- out éﬁ JYE one of said third texture color signal and said
fourth texture color signal based upon said second blend factor:;
and ' ' '
a second addition unit, for adding said fifth texture
15 color signal and one of said third texture color signal and said

fourth texture color signal.

13. The apparatus of claim 12, further comprising a first
storage unit coupled to said first texture composite unit .and a
20 second storage unit coupled to said second texture composite
unit, said first storage unit Storing a first mipmap level, said
second storage unit storing a representation of a second mipmap
level.

25 14. The apparatus of claim 13, wherein said blending
factor is equal to a selected composite factor representing one
of said first mipmap level and a mid-level mipmap level between
said first mipmap level and said second mipmap level, the first.
texture color signal representing said first mipmap level, the

30 second texture color signal representing said second mipmap
level.

15. A computer based method for performing one of a
blending operation and an additiqn operation on a first texture
35 color signal and a second texture color sign&dal during a single
execution pass, comprising the steps of: .
receiving said first texture color signal and the second
texture color signal;
receiving a control signal, said control signal identifying

18
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t ext ur e and a fade=in—of—the conposite texture. One exanpl e of texture

nor phi ng

lmges illustrating the transformation of a 25 nman into
BT EWoT T D m a‘ m,ﬂﬁz rTage can De tThe skin of a man, the second
texture c S l In tinme, the first textyre fades-out and the

second texture fades-in creating th ol SRS i9AS BEEMNnewol f transformati on.
H

If the systemincludes nultiple THUs

, AEPEASEDt em dan 30 i npl ement

trilinear rWOIEMSdNg in a singl e exebutioA—pass—by c orRSFYBAUOL wo
bi I'i near lghd ioht Glose B?éggﬁgoﬁ@p@o beEdel foirhnbascar filtering operation is
ate

conpleted in

ar, T

10 Al t t | ' le T 210
i npl ement tri aesﬁg lnlngn’?%ﬁiﬂ:ﬂ FRIGet \ﬁ%rpg'%élef\ig?%% %a"éselsltr;’g"."%% Pdual C‘?’RU

nodel |,
m pmap
| evel s

A secon

effici®nt tecRPESOE™iBE Sp8rPhHFh%

t e t¥eenT Kadd?2 fArstctexone icd ofasignhil cand oges hercarsh texentceal |

collo?Velignallor agganpl e, one TMJ 210B has all odd m pmappi ng
3 TMJ,210C has_al |- gyen nipnaggin devels. This .. . is an
PEFEREIRR the additipBmp

| evel is aopexa¢cdonnlipy enséngle eexequtiaint passt ke fespiénse to said control

10

10

15

20

25

30

35

of:

signal, said blending operation combining said first texture
color signal and said second texture color signal according to
said blend factor, said addition operation adding said first
texture color signal to said second texture color signal to
generate a first texture color output signal.

16. The method of claim 15, further comprising the step
of: _
performing a subtraction operation on said first texture

color signal and said second texture color signal in response to
said control signal.

17. The method of claim 15, further comprising-the step
of: : _

performing a multiplication operation on said first texture
color signal and said second texture color signal in response to
said control signal.

18. The method of claim 15, further comprising the step
of: _ ’

generating said first texture color signal in response to
said control signal.

19. The method of claim 15, further comprising the step
of: ' _ _

genefating one of a binary one signal and a binary zero
signal in response to said control signal.

20. The method of claim 15, further comprising the steps

receiving said first texture color output signal and a
third texture color signal;

receiving a second control signal, said second control
. ‘-U\
19 .
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WO 97/ 16803 PCT/ US96/ 17401 TMU 210B

(odd- IeveI ond TMJ 210C (even-|evel TMJ). As descri bed

above, w\\mm\mesents an - cff| the ratio of texel

pitch to * nore det ai | FHIGISHEET Nig T-Of} trilinear
PyRERhAE &P

mpmapplngls given in 5 Lance Wllia Par trlcs 17 Conput er
G aphi cs I PH 83 PROC.) No. 3—+IT (July 1983), ?gG;i,aiereby
mcorporaté‘(f)%)?l ference in its entirety. In one enbodi rrent
trilineasignpiap@entifying mnep drewoirei opeyabions thebepeytermed; val ue of

ey e
i nvgntl oﬁeé'ﬁng’é§L¥&§°§ %dﬂﬁrﬁl ﬁ&b‘g“FS FRLBT P gc%%%gé%{ t he

fractionshigothind téxtues co]l.@%l@ﬁél: ande., frac(LOD), in order to

generge an i Bagfomla§V¢ﬁw X mwmeh@mb— Bbéﬁﬁl:ﬂbfie!mal £xd a{@diﬁon
Additional 15 details Tor inplenenti, trilinear m%l plnglnthe sent

i nvent i oRPEFBtAREC LT LR ISHRI Sy AT P2RgeiPoTEFR 7tagpid 59 8.
As descr icoatrabogégnal f esaid dlending mﬂnonnaemblnmgssaldtmabl lity to-

cascade C each
cascade I%g&gg% bg%};ﬁ ér\/nlﬁﬁng?ﬂﬂ Iahch s'a%l eiuz-e gekbike %‘iﬁ r%!ﬁ.ﬁ( e

ast,
descri be&cé"ﬁ’&'?éngTﬁB Preen L téleﬁ‘qdalf 2§8" nﬁéa%téé"bl‘iﬁ’%ﬁ?fr Tht
functimnadainlgespedf timst texturenddliqy eutputuségnapstoesgid omird ext ure
map per tatl colofUkigMaR N WA Wl s8R Sextiire colbt Wiigpuk | S an
|IIustrat|ono a texture conbi ne sub-unit 2 according to a first '
enbodi ne®ig®®t-he present invention.
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Each texture conbi ne sub-unit includes several logic units. These | ogic
units include a pass-thru/replace/constant unit 502, a nultiply and add
o t—504amadd Ui t—506, —a subiract unit 30 508, and a blend unit 510.
Distinct logic can be in each logic “unit or the logic can be conbi ned
as illustrated in Figures 6 and 7. In the TRCU 402A, the TGCU 402B, and
the TBCU 402C t he data inputs include the texture colgr hggibmﬁignar
Cerr], thwo971688xture al pha input signal Alerr], the lo SF ure col or
signal 35 (Jerr], the local texture alpha signal Alerr] and the blend

factor Fblend received via data line 320. In addition these texture

+ conbine sub-units receive the CTRLrgb control signal. As descri bed
above with reference to Figure 4, tHé8data received by the TACU 402D
include two | ocal texture al pha signals Alerr] WO 97/ 16803

PCT/ US96/ 17401 two texture al pha input signals Alerr], and the bl end
factor Flerr]. That is, in the TACU 402D the (Jerr] signal is replaced
with an Alerr] signal and the CJerr] signal is replace with an Alerr]
signal. The pass-thru/constant/replace unit 502 receives the

104

102
PROCESSOR - -\\ MEMORY

106

-

" PROCESSOR /MEMORY BUS

108

voBUS f
CONTROLLER |

110

VO BUS

116

114 '
2 4 {
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MONITOR ENGING VO DEVICE

FIGURE 1



5 1input signals and generates either a binary zero signal, a bi nary one
signal, a signal representing C ocal, a signal representing Alocal, a
Signmat rTepresenting Cerr], or a signal representing Alerr] based upon
the CTRL signal. The multiply and add unit 504 receives the inputs
signals and perforns a nultiply 10 and add operation on the inputs based

upon the CTRL signal. The add unit 506 receives the inputs 9b&nals and

per f or n5 arWadw16803 oper ati on on the inputs based upon the REMHSIAYAL| . The
subtraction unit 508 receives the inputs signals and perfornms a subt ract
operation on the inputs based upon the CTRL signal. 15 The blend unit 510
receives the inputs signals and perf@yes a bl endi ng operation on the
i nputs based upon the CTRL signal. The functions of the texture conbine
sub-units 402 can be , conbined, for exanple, the add unit 506 can be
el i mnated and additions can be acconplished using only the multiply and
add 20 unit 504. In a second enbodinment, the logic units are conbi ned
as illustrated in Figure 6 and Figure 7. Figure 6 is an
illustration of a texture conbine sub-unit 402 according to a second
enbodi nent of ,the present invention. Each texture conbine sub-unit 402
includes-fourflogic units. 25 The logic units are a pass-thru/subtraction
unit 602, a b}ending - factor determinator 604, a nultiply and add unit
606 and a Lp#dﬁﬂing and inversion unit 608. The data inputs for the TRCU
402A, TGCU 40f¢B, and the TBCU 402C are @4 Sane as descri bed above with
respect to Figure 5. That is, (err], A err], (Jerr], 30 Alerr], and
Flerr]. The datTTputrs tor TACO 402D are A err] (twce), Arerr]
(twice), and F[dgrr], as descr%’-gged appove. AN dxarpiee of the |ogic wijthin
each logic un|t |is descri b/e‘d’ el ow —| 2280
FRAME ™M —L “TEXTURE
BUFFER - — MEMORY
MEMORY 5200 z6c
— - 210C —\2120
.J/216 '
204 : ' : 2188
: 220
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with reference to ‘Figure 7. Figure 7 is an illustration of the
logic in a texture 35 conbi ne sub-unit 402 according to-a second enbodi nent

of—the————present T TverntTom. The pass-tiru-suptraction unit 602 1 ncl udés
atwo nultiplexors (MJX) 702, 704, a two's conpl enent operator 708, and
an adder 706. .The bl endi ng factor determ nator 604 i ncl udes a MJX 710,
an exclusive-OR gate 714, and an increnentor - .
12 W0 97/16803 \\D 97/ 16803 PCTUS96/17401

PCT/ US96/ 17401 730. The multiply and add unit 606 includes a multiplier
716, a MJUX 718, and an adder 722. The cl anping and inversion unit 608

includes an 8-bit clanp 724 and an exglusive-OR gate 726. As illustrated
in Figure 7, the logic for inplenenti & the texture 5 conbi ne sub-unit
functions are non-exclusive. The i mpl ementation of functions (1)-(9) set
forth above will be apparent to persons skilled in the relevant art. The
TEXTURE
' MEMORY -
226C \ ~ 228C
cl.m W
DETAIL
| - REGISTER
AR [
> -»>
Cour
TCU
2208 220C
\\ — {P —>
Aour

\zmc o
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i npl enentation of function (10) (Cerr] - C(err]) * Flerr] + derr],
and function (11) (derr] - (err]) * (1-F[err]) + CJerr], 10 are now
descri bed. The imprenent atl on ctron an anction (Il) is
descri bed below with reference to Figure 7. The control signal CTRL

i ncl udes the ZERQ OTHER control signal, the SUB (err] control signal,
the ADD Cerr control signal, the ADD Alerr] 15 control_signa the .

| N\VERT contW8P748%hal , t he REVERSEBLEND cont r ol signal',’“i’ﬂ%"l TH4eRENVENT
control signal, and the SELECT[ 2: 0] control signal. MJX 702 sel ects
Cerr] based upon - control signal éERO’ OTHER. Simlarly, MJX 704 selects
d ocal based upon control si gnaf‘/ UB Cerr]. The two's conplenent unit
20 708 perfornms a two's conpl enent operation on the output o& MUX 704.
Adder 706 perforns an addition operation on the output & 02 je
Cerr], and the output of the two's conpl errent uni t 708,« Nif-

represent ation of -rEferri—tmegatve—trocal)- —Accorurmut ne out put of
adder 704 is Cerr]{_Cerr]. 25 The MUX 710 in the bl engirn ctor

~det erm nat or 4 sgl ect one of six inputs (0, (err], ©A}q Alerr],
f(LOD), and & frdc(L ), based upon e val ue of the SELEECY[|2: 0] control
signal in the B endi ng factor determ na 604. If the textu conbi ne
sub-unit 402 is\ perfformng a trili '
SELECT] 2: 0] '

l—|ﬂ(Qr-
=

€
n,| t he
5 the frac(LOD) qpr esenti ng
the fractighal portli valwe, uas descri bed If the
frac(LOD) signal i4 e £2 710 and the b d actor
determ nation opergtipnfrs occar ng !; @ a TCU 304 that}i$ SSOCI at ed

with the odd miprag |Evél an 8@r portion of the | 3gnal i's
odd, then the blendin < é
| 1 \°
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factor is equal to frac(LOD). Therefore, the REVERSE _BLEND control

signal is equal to a logical zero. Simlarly, if the frac(LOD) signal
TS Serected by the MOX 710 and the blrend tactor determ nati on operati on
is occurring in a TCU 304 that is 13
WO 97/ 16803 - PCT/ US96/ 17401

associated with the even mipnmap | evel and the integer port t he -LOD
signal is SN¥@A1€8¥n the blending factor is equal to rpéﬁ‘?'t%”‘g hd the
.REVERSE_BLEND control signal is equal to a | ogi cal zero. I f the
frac(LCI» signal is selected by the MJX 710 and the bl end factor

determ nation .operation is occurring/Bn a TCU 304 that is associated
with the odd m prmap | evel and the integer portion of the LOD signal is
even, then the blending factor is equal to: 1-frac(LOD). This situation

occurs when inplementing 10 function (11). Therefore, the REVERSE_BLEND
control signal is '
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equal to a logical one and the I NCREMENT control signal -is equal to a
logical one. Simlarly, if the frac(LOD) signal is .selected by the MJX
710 and the blend factor determ nation operation I's occurring in a TCU
304 that is associated with the 15 even m pmap | evel and the integer
portion of the LOD signal is odd, then the blending factor is equal to:
1-frac(LOD). Therefore, the REVERSE BLEND control si gnal |s equal to a
- logi cal ondV@AUIEAL | NCREVENT control signal is equal to cle one.
Accordingly, when the REVERSE _BLEND and | NCREMENT 20 _control SI gnal S are

high, a two's conpl enent operation is performed on the output of the MJX
710 by the exclusive-OR gate 714 @8d the increnmentor 730 generating the
(1-F[err]) conponent of function (11). Logic external to the TCU 304

controls the REVERSE_BLEND control signal. The | NCREMENT control signal
is 25 high when the REVERSgodil ENBreemtrol signal is high or when the
output of the MJUX 710 is not frac¢(LCD). The multiplier multiplies
“the nine bit output of adder}706 and incrementor 730. The output signal
of. the multiplier represefits (fferr] - CJerr]) * F[err] for function

(10) and (Cferr] - 30 The
multiplier 716 gengr at es bit output. The nine nost significant
bits (MSB) are input into 722. The sec i nput into gdder 722
is the output of MUX {18. The ADp Cerr]/A err] signal is set to
binary "10" in order for MJX]718 fjo s gl .35 signal|. Adder 722
adds C ocal to the ouf put of - ful t plier 716.] The out put] of adder
722 is received by the glenpt IPASSITRIRGN urnit 608. Thg out put of
adder 722 is clanped petiweend___¢ BTRACTION UNITHE Ccqanper 7424 outputs
t he ei ght | east :
An —>| BLENDING FACTOR A\ 402
_ - DETERMINATOR
| .
320 _ . 606
&~ wmureyano |/
W — ADD UNIT
l 608
CLAMPING AND
INVERSION UNIT
 a—
' " 1 cwr
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Acyr
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significant bits. The INVERT signal is equal to zero since no
WD 97/ 16803

14

SEET RS MR AR,

PCT/ US96/ 17401

or

Fbl end + C ocal
derr] fM'W&%Wﬁﬁl(ln.

of the TMJU 210. A

CTRL t he

inversion is required to 1 nplenent either function (10)

for function (10) and ((err]

" Figure 8 is a flowhart
TMJ 210 is selected 802. Based upon the control
TCU 304 determnes 804 if a constant function is requested.

function (11). Accordingly, the input and the output of
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15 operation. The TCU 304 al so determnes 816 if an addition
si gnal

i s requested based

upon the control

operation

CTRL. If an addition

operatiion iIs requested,

the addition of .the selected inputs.

|f a subtraction
si gnal

304 also determines 828 if an nultiply and add operation is
based upon the. control If a nultiply and 25 add operation is

requested, the TCU 304 generates 830 8&f8si gnal

‘requested nmultiply
bl end operation is
bl end operation is

signal CTRL.

and add oper.ation.

 coet Bl e

the TCU 504 generates g1g a
The
a subtraction operation is 20 requested based upon the control
operation is requested,

r%ﬂr’%@@ﬂ?i ng the subtraction of the sel ected i nRERUSTHAOTCU

pon

STgrat—representtg
TCU 304 al so determ nes 822 if
signal CTRL.
the TCU 304 generates 824 a

request ed

representing the -

The TCU al so determnes 834 if a
the control signal CTRL. If a

TCU 304 receives 836 a blend factor

P PN RO

and inplenents 838 a 30 QI endi ng operation to generate a bl ended signal.
Wil e the invention has Reen particularly shown B06  described with

reference to_a preferred expodi nent,
skilled in tB¥ re| ovd W vari
be made therein w ¥Ng

i nvention.
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SO Gg 1614 -
16 - CLAIMS | . An apparatus, receiving a plurali ty,;,,qfng ,,,
texture signals each representimg a texture, for combi ni ng signals Ly
repres hree of said textures during a single pixel
renderﬂl Ilrm I || paratus conpri sing: S A =3 S =372 AR T = S
conposi tte @nit, Mi Sposed to receive a first texturp IEP@A&EMENTdSHEETecond
texture signal of said plurality of texture signalg,] second
texture signals 02 0CT 198

1
CLAIMS
1. An apparatus, receiving a plurality of texture signals each representing a texture,

for combining signals representing-at least three of said textures during a single pixel rendering
pass, the apparatus cgmprising:
a first texture composite unit, disposed to receive.a first texture signal and a second
. texture signal of said plurality of texture signals, said first and second texture signals
r:e.presenting iﬁdependent textures, and a first.control signal representing a first relationship
‘between said first texture signal and said second texture signal, for combining said first texture
- signal and said second texture signal in accordance with said first relationship to generate a first
output texture signal;
a second texture composite unit, disbosed to receive said first output texture signal, a
: j‘-third texture signal of said plurality of texture signals, and a second control signal representing a
second relationship between said first output texture signal and said third texture signal, for -
. combining said first output texture signal and said third texture signal in accordance with said
second relationship to generate a second output texture signal, wherein said second output texture
signal is generated from said first, second, and third texture signals in a single pixel rendering

pass.

2. The apparatus of claim 1, wherein said first texture signal comprises a first texture
color signal and a first texture alpha signal and said second texture signal comprises a second

texture color signal and a second texture alpha signal, the apparatus further comprising:

This Sheet Has Been Replaced




rébresenting i ndependent textures, and a first control signal representing

a firs tween said first texture signal and said second

t extur lgnal . for conbining said first texture signd 1
texturﬁ!ﬂl ﬂmn uu ﬂﬂ dance with said first relations |[ﬁ1a @f@ﬂi?‘g :

first L i gnal ; a second texture [cqnposite unit,

di sposed to receive said first output texture signal, jai tQ2rQCTeBe8Ir ¢
signal of said plurality of texture signalg, and a secgnd control signg
representing a second relationship between said first jouTpurt texture
signal and said third texture signal, for conbining saqid first output
texture signal and said third texture signal in accordance with said

second rel ati onsdubRRadiion AfNAaFhEH SR ERAe S16MiEnal MUY ResriddBalre HR EiRhA
sai d second out put texture signal is generated fromsaid first, second,

and third f&exSilE §orsuBinatise Ll Rrs?‘t.kﬂgrle?coﬂ# §ig111a1 EeRAR]d &ndRE&Sre color signal. 2.
The apparatus of claiml, wherein said first texture signal conprises a
first texture

3. The apparatus of claim 2, further comprising:

a multiplication and add unit, for multiplying the second texture signal with one of said
first texture color signal, said first texture alpha signal, said second texture alpha signal, and a

level-of-detail signal, and adding one of said first texture color signal and a third signal.

4. The apparatus of claim 2, further comprising:

a multiplication unit, for multiplyirig said second texture color signal and one of said first
texture color sighal, said first texture alpha signal, said second texture alpha signal, and a level-

of-detail signai.

5. The apparatus of claim 4, further comprising;

a constant generating unit, for generating a signal representing a predefined value.

6. The apparatus of claim 4, further comprising:

a pass-thru unit, coupled to said first texture signal, for outputting the first texture signal.

—_—_

—_—_—

—_—
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. h
color _signal and a first texture al pha signal and said second texture
signal conprises a second texture color signal and a second texture al pha

T L R -
ion unit, having the first text color _signal apd

the secohd text ufe col or si gnal as inputs, for subtractfi MPEEOE(MHMTrsquET
texture color signal fromsaid second texture color sigralf

The apparatus of claim2, further conprising: g rnul n a d
add unit, for nultiplying the second texture signal witH gn 63@5@@%%%?

3
7. The apparatus of claim 1, wherein the first texture signal and the second texture
signal include four texture component signals.
8. The-apparatus of claim 7, wherein said four texture component signals include a

red color signal, a green color signal, a blue color signal, and an alpha color signal.

9. - The apparatus of claim 7, further comprising four texture combine subunits, each
texture combine subuinit associated with one of said four texture component signals, each of said
.. texture combine subunits having said first blend factor determinator, said blending unit, and said

addition unit.

10.  The apparatus of claim 9, wherein each of said texture combine subunits receive a
control signal, and performs one of the blend function and the add function in response to said

control signal in a single pixel rendering pass.

11.  The apparatus of claim 9, wherein two or more of said texture combine subunits
receive a first control signal and performs one of the blend function and the add function in

response to said first control signal in a single pixel rendering pass.
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fi rst t‘ext—trr-e—eel—et'—SJ_gna.L said first texture al pha signal, said second
textureﬂ'ﬂ,a signal, and a |evel-of-detail signal, and addi ng one of said

first tig u,"j"m"ﬂ"%m and a third signal. 4, The

appar at t her conpri sing: a multiplication unit,
for nultlplylng séi d° setond texture col or signal and one of said first

texture color signal, said first texture al pha signa econd texture
al pha signal, and a | evel - of -detail signal.
apparatus of claim4, further conprising: a fcons gener'atfi ng
unit, for generating a signal representing a predefifngd ggld&. 1998

4

12.  The apparatus of claim 1, further comprising a first storage unit coupled to said
first texture composite unit and a second storage unit coupled to said second texture composite
unit, said first storage unit storing a representation of a first mipmap level, said second storage

unit storing a representation of a second mipmap level.

13; .. The apnatatus of claim 12, whefein seiti blending factor is equal to a selected
composne factor representlng one of sa1d ﬁrst m1pmap level and a mid-level mipmap level
between said ﬁrst mlpmap level and satd second Impmap Ievel the first texture color signal
representmg sa1d first mipmap level, the second texture color 31gnal representing said second

mipmap level.

14.  The apparatus of claim 1, wherein said second texture composite unit receives

said first output texture signal directly from said first texture composite unit.

15.  The apparatus of claim 14, wherein said first and second control signals are the

same.

16.  The apparatus of claim 14, wherein said first and second control signals are

different.

17.  The apparatus of claim 1, wherein additional texture composite units are

sequentially connected such that one additional texture signal is combined by each additional

T
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6.; The apparatus of clai-m4, further conprising: a pass-thru
unit, coupled to sardfiTst—texture signal, for outputting the first
texture Si

18
: The. QMHMLI! Hml(#“ﬂ m 1, wherein the first texture_signal and the
second t ext ude four texture conponent si WP?ACEMENT SHEET

texture composite unit during a single pixel rendering pass.

18.  The apparatus of claim 1, wherein said first texture composite unit includes:
a first blend factor determinator, for determining a first blend factor, said first
‘blend factor representing a blending relationship between said first texture signal and said second
texture signal;
a first blending unit, coupled to-said first blend factor determinator, for blending
said first texture signal and said second texture signal based upon said first blend factor; and
- a first addition unit, having the first texture signal and the second texture signal as

inputs, for adding the first output texture signal and the second texture signal.

-19. -~ A computer based method for combining at least three texture signals, in a single
. .. pixel rendering pass, the computer having a first and second texture composite units, comprising
the steps of:
receiving a first of said texture signals;
receiving a second of said texture signals, said first and second texture signals
representing independent textures;
receiving a first control signal representing a first relationship between said first texture
signal and said second texture signal; and
combining said first texture signal and said second texture signal in accordance with said
first relationship to generate a first output texture signal;
receiving a third of seid texture signals;

receiving a second control signal representing a second relationship between said first
e
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8. The apparatus of claim 7, wherein said four texture conponent signals
I ncl UWGMLSLgnaI a green color signal, a blue color signal, and

conpr i \m' Immmum conbi ne subunits, each texture
associ Lald four texture conponent sign
texture conbl ne Subuni*ts havi ng said first blend factor
bl endi ng unit, and said addition unit. 6 10.
claim?9, wherein each of said texture combine subunits

signal, and perforns one of the blend function and the

response to said

output texture signal and said third texture signal;

nhine subuni t

an al pamgil or signal. 9. The apparatus of claim7, further

4! REPERCEMERT §

o8 Y sl ¢

unction in

combining said first output texture signal and said third texture signal in accordance with

said second relationship to generate a second output texture signal;

wherein said second output texture signal is generated from said first, second, and third

texture signals in a single pixel rendering pass.

20.  The method of claim 19, further comprising the steps of:

determining a blend factor represénting arelationship between said first texture signal

and the second texture signal; and

performing one of a blending operation and an addition operation in a single texture

rendering pass in response to said second control signal, said blending operation combining said

ﬁrst_texture _signal and said second texture signal according to said blend factor, said addition

operation adding said first texture signal to said second texture signal to generate said first

texture output signal.

21.  The method of claim 20, further comprising the step of:

performing a subtraction operation on said first texture signal and said second texture

signal in response to said first control signal.

22.  The method of claim 20, further comprising the step of:

performing a multiplication operation on said second texture color signal and one of said

first texture color signal, said first texture alpha signal, said second texture alpha signal, and a

level-of-detail signal in response to said first control signal.
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control s

ignal in a single pixel rendering pass. | 11. The

appar atus
recei ve

t he add’
pi xel ren
19

of claim9, wherein two or nore of said tfﬂw subunits
sh §ﬁaschgglt1{ liced! gnal and perforns one of WF@‘\GH@EW%HEWP' and
MK S g

Irponse to said first control e

02 0CT 998

23.  The method of claim 20, further comprising the step of:

generating one of a binary one signal and a binary zero signal in response to said first

control signal.

24. - The method of claim 19, wherein a second texture composite unit receives said

- first output texture signal directly from a first texture composite unit.

o 25, The method of claim 24, wherein said first and second control signals are the

same.

26.  The method of claim 24, wherein said first and second control signals are

different.

27.  The method of claim 19, wherein additional texture composite units are
sequentially connected to each other such that one additional texture is combined by each texture

composite unit during a single pixel rendering pass.

28.  The method of claim 19 wherein said sécond relationship can be represented by at
least one of a blending operation, a multiplication operation, a subtraction operation, and an

addition operation.

* [ L M S * .



12. The apparatus of claim1l, further conprising a first storage unit
coupl ““H“nmnn‘mmm texture conposite unit and a second storage unit
coupl ‘ texture conposite wunit, said first storage unit
storing a réprdseitation of a first nmipmap |evel, said SFﬁE?’ER “ﬂxg gni t
storing a representation of a second m pmap | evel . &i@é ﬁl

apparatus of claim 12, wherein said blending factor is| equal to a sel 4ctjed
conposite factor representing one of said&irst m pmap| | ev8l2 868 B8
md-level mpmap |evel between said first mpnap |evel fnd sai d secorld
m pmap level, the first texture color signal representing sard 1St
m pmap | evel, the second texture color signal representing said second

m pmap | evgl .  Ap apparatus recé'ié‘iing a soi& iARPSSiglal ©28A/20BAI-0doal)HAg & Phital@fiof

second texture cofrfposite un receives Said first output texture signal

directly Lo §1§hgs Edch ?éprés@ﬁﬁr&raqeﬁﬁgmlséotnﬁ)iﬂmé the source image signal (226A/218A -

Clocal) with signals representing at least two of the textures during a single pixel rendering pass,
the apparatus comprising:

a first texture composite unit (304/210B), disposed to receive the source image signal
(226A/218A - Clocal) and a first texture signal (226B/228B) of the plurality of textural signals,
the source image signal (226A/218A - Clocal) and the first texture signal (226B/228B)
representing indeper_xdent textures, an& a ﬁrst control signal (216 - CTRL) representing a first
relationship between the source image s_ignal (226A/218A - Clocal) and the first texture signal

| (226B/228B)_, for combining the source image signal (226A/218A - Clocal) and the first texture
signal (226B/228B) in accordance with the first relationship to generate a first output texture.
signal (218B/220B);

a second texture composite unit (304/210C), disposed to receive the first output texture
signal (218B/220B), a second texture signal (226C/228C) of the plurality of texture signals, and
a second control signal '(2_1_6 - CTRL) representing a second relationship between the first output
texture signal (218B/220B) and the second texture signal (226/228C), for combining the first
output texture signal (218B/220B) and the second texture signal (226C/228C) in accordance with
the second.relétionship to generate a second output texture signal (218C/220C), wherein the
seéond output texture signal (218C/220C) is generated from the source image signal (226A/218A
- Clocal), the first texture signal (226B/228B), and the second texture signal (226C/228C)in a

single pixel rendering pass.

30. The épparatus of claim 29, wherein thé second texture composite unit (304/210C)

receives the first output texture signal (218B/220B) directly from the first texture composite unit

This Sheet Has Been Reﬂlaced
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15. The appar atus of claim 14, wherein said first and second control
si gnou s—arethe—sane: 16. The apparatus of claim 14, wherein
f| rst and second control signals are different. 17. The

appar m MIM‘IEI’EI n additional texture conposite units are

seque uch that one additional texture si'g'H?'IP—r'?—ee-n@-ned_
by each addl {i onal LACEMENT SHEET
9

G2 0CT 1998

(304/210B).

31.  The apparatus of claim 30, wherein the first control signal (216 - CTRL) and the

second control signal (216 - CTRL) are the same.

32.  The apparatus of claim 30, wherein the first control signal (216 - CTRL) and the

second control signal (216 - CTRL) are different. .

33.  The apparatus of claim 29, wherein additional texture composite units are
sequentially connected such that one additional texture signal is combined by each additional

- texture composite unit during a single pixel rendering pass.

34.  The apparatus of claim 29, wherein the source image signal (226A/218A - Clocal)
. comprises a source image color signal and a source image alpha signal and the first texture signal
-(226B/228B) comprises a first texture color signal and a first texture alpha signal, the apparatus. -

further comprising.

a subtraction unit (508), having the source image color signal and the first texture color

signal as inputs, for subtracting the source image color signal from the first texture color signal.

35.  The apparatus of claim 29, wherein the source image signal (226A/218A - Clocal)
comprises a source image color signal and a source image alpha signal and the first texture signal
(226B/228B) comprises a first texture color signal and a first texture alpha signal, the apparatus

further comprising:

a multiplication and add unit (504), for multiplying the first texture signal (226B/228B)

with one of the source image color signal, the first texture alpha signal, the second texture alpha
/\ T
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texture conposite unit during a single pixel rendering pass. 18.
The a 1, wherein said first texture conp05|te uni t
i ncl UHMHH "I lm'”mﬂLm a first blend factor determrrater
deterni*nifg b f¥rst bl end factor, said first blend fa tBEPer&ﬁMégErﬁHEﬁ@ 2
bl endi ng rel ati onshi p bet ween sald first texture signal
texture signal; a first blending unit,
first blend factor determ nator, for blendpng said fifs
and said second texture signal based upon said first blle
a first addition unit, having the first texture signal }and the second
texture signal as inputs, for adding the first output texture srgnal and
t he second t :
conbi ni ng aigﬁ%iéa g I?%efggghett%&stl raIG(Bg(I))g%ngja% dm{gr?ﬁggfs)tﬁﬁgqu%e 'gﬁggﬁlgﬁ%%%?ﬁlﬁg

pass, the ¢conputer having a first and second texture conposite units,
conpr|3|ngﬁlgﬁ5¥§[eps of :

nd sald secon

oupbesLt a9gE

texture sign

.

=

36.  The apparatus of claim 29, wherein the source image signal (226A/218A - Clocal)
comprises a source image color signal and a source image alpha signal and the first texture signal
(226B/228B) comprises a first texture colof signal.and a first texture alpha signal, the apparatus
further comprising:

a multiplication unit (504), for multiplying the first texture color signal and one of the
source iznage color signal, the first téxture‘ alpha signal, the second texture alpha signal, and a

1evél-of~detail signal (320).
37. | T_he ap.paraltus.of gjaim 36, Mer comprising:
a constant generating unit (502), for generating' a signal representing a predefined value.
- 38, Thé app%'natus of ciaim 36, further comprising:

a pass-thru unit (502), coupled to the source image signal (226A/218A - Clocal), for

outputting the source image signal (226A/218A - Clocal).

39.  The apparatus of claim 29, wherein the source image signal (226A/218A - Clocal)

and the first texture signal (226B/228B) each include four component signals.

40.  The apparatus of claim 39, wherein the four component signals include a red color

signal, a green color signal, a blue color signal, and-an alpha color signal.

41.  The apparatus of claim 39, wherein each texture composite unit further comprises

This Sheet Has Been Replaced

ACTRRE III




E)

recei vi ng

a first of said texture signals; receiving a second of

sai d texture S|gnals said first and second texture signals__representing

i ndepe

representing a first relationship between said first tex

sai d sec
si gnal
relatlons
a third of
signal rep
21

receiving a first control| REGDRCEMENT SHEET
. d

t
IR . 72°<i gner  n acooraance w i dar 62 OFF rEE6

ip td gdnefatt a first output tekkture signal; recei i#g
said texture signals; recei ving a gecond control
resenting a second relationship between said f4+st

four texture combine subunits (402A-D), each texture combine subunit associated with one of the
four component signals, each of the texture combine subunits (402A-D) having a first blend

factor determinator (604), a blending unit (510), and an addition unit (506).

42.  The apparatus of claim 41, wherein each of the texture combine subunits (402A-
D) receives a control signal (216 - CTRL), and performs at least one of the blend function and

the add function in response to the control signal (216 - CTRL) in a single pixel rendering pass.

43.  The apparatus of claim 41, wherein two or more of the texture combine subunits
(402A-D) receive a first-control signal (216 - CTRL) and perform at least one of the blend
function and the add function in response to the first control signal (216 - CTRL) in a single

pixel rendering pass.

44, - The apparatus of claim 29, further comprising a first storage unit (212B) coupled

to the first texture composite unit (304/210B) and a second storage unit (212C) coupled to the

. second texture composite unit (304/210C), the first storage unit (212B) storing a representation

of a first mipmap level, the second storage unit (212C) storing a representation of a second

mipmap level.

45.  The apparatus of claim 44, wherein the first texture composite unit (304/210B)

includes:

a first blend factor determinator (604), for determining a first blend factor, the first blend
factor representing a blending relationship between the source image signal (226A/218A -

Clocal) and the first texture signal (226B/228B);
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out put texture signal and said third texture signal; conbi ning said

fi rstWal and said third texture signal in accordance

w’hth id Second relationship to generate a second output texture signal;
erein ut texture signal is generated [fg |

second M\ “\‘Mre signals in a single pixel rgn R‘Eﬂﬁwﬂhﬁéﬂ

Mof SclAim 19, further conprising the stlegs of:
determ ning a blend factor representing a régationshiplb t WBErDERIR98 i
texture signal and the second texture signal; and perform ng|o

of a blending operation and an addition operation in alsingle texture
renderlng pass in response to said second control signdl—said. hlending

operation Conbhgﬁ{ﬁgleﬁ@lh “g’fttﬁ@ y: x@ffécﬂ%?he rgm%llg"’}?@ioﬁf’e'te%nﬁﬁfoﬁ)%4 jaxture

signal accordin 0 sal | sai
blending the source image signal (226A/218A - Clocal) and the first texture signal (226B/228B)

———
")
—t
(0]

based upon the first blend factor; and

a first addition unit (506), having the source image signal (226A/218A - Clocal) and the
first texture signal (226B/228B) as inputs, for adding the first output texture signal (218B/220B)

and the first texture signal (226B/228B).

46. - The apparatus of claim 45, wherein the blending factor is equal to a selected
composite factor representing one of the first mipmap level and a mid-level mipmap level
: be_tween the first mipmap level and the second mipmap level, the source image color signal
representing the first mipmap level, the first texture color signal representing the second mipmap

level.

47. The apparatus of claim 45, wherein a texture effect is indicated by either or both

of the first control signal (216 - CTRL) and the second control signal (216 - CTRL).

48.  The apparatus of claim 47, wherein the texture effect is one or both of specular

light reflections and diffuse light reflections.

49. A computer based method for combining at least two texture signals, in a single
pixel rendering pass, the computer having a first texture composite unit (304/210B) and a second

texture composite unit (304/210C), comprising the steps of:

(a) receiving a source image signal (226A/218A - Clocal);

(b) receiving a first texture signal (226B/228B) representing an independent texture;

\\ll\ﬁﬂ‘iii\fﬁ\‘i’ i




operatlon adding said first texture signal to said second texture signal to
generate said first—texture output signal. 21. The net hod of

claim 20, further conprising the step of: performr
r REPEAGHMENT; SHEET

oper at Lﬂ“lﬁmllﬂ““jullllml texture signal and said second text
respon control signal. 22. The

20, furthet congriding the step of: perforning a
operation on sald second texture color sigra and one of saild
texture color signal, said first texture al pha signal, said]s
al pha signal, and a |level-of-detail signal in response to
control signal

aid first

(c) receiving a first control signal (216 - CTRL) representing a first relationship between
the source image signal (226A/218A - Clocal) and the first texture signal (226B/228B); and

(d) combining the source image signal (226A/218A - Clocal) and the first texture signal
(226B/228B) in accordance with the first relationship to generate a first output texture signal
(218B/220B),

(e) receiving a second texture signal (226C/228C);

(f) receiving a second control signal (216 - CTRL) representing a second relationship
between the first output texture signal (218B/220B) and the second texture signal (226C/228C);
and

(g) combining the first output texture signal (218B/220B) and the second texture signal
(226C/228C) in accordance with the second relationship to generate a second output texture |
signal (218C/220C),

~wherein the second output texture signal (218C/220C) is generated from the source image
signal (226A/218A - Clocal), the first te);ture-signal (226B/228B), and the second texture signal -

(226C/228C) in a single pixel rendering pass.

50.  The method of claim 49, wherein the first and second control signal (216 -

CTRLs) are the same.

51.  The method of claim 49, wherein the first and second control signal (216 -

CTRLs) are the different.

52.  The method of claim 49, wherein steps (e)-(g) are sequentially repeated for each
generated output texture signal and additional texture signals such that one additional texture is

combined by each repetition of steps (e)-(g) during a single pixel rendering pass.

[
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22' 23. The nethod of claim 20, further conprising the step
generati ng one of a bi nary one signal and a bipary zero signal

|n resp control signal. 24 REPI'AGEMENT‘@IEET
claimy lmﬂgﬂelj Uﬂ nd texture conposite unit recei et

output rectly froma first texture com)o ite -
The nmethod of claim?24, wherein said first and seg¢o d%&%@ig aﬂs
are t he sane. 14

53. The method of claim 49, wherein the second relationship can be represented by at

least one of a blending operation, a multiplication operation, a subtraction operation, and an

additional operation.
54.  The method of claim 49, further comprising the steps of:

determining a blend factor representing a relationship between the source image signal

(226A/218A - Clocal) and the first texture signal (226B/228B); and

performing one of a blending operation and an addition operating in a single texture
rendering pass in response to the second control signal (216 - CTRL), the blending operation
combining the source image signal (226A/218A - Clocal) and the first texture signal
(226B/228B) according to the blend factor, the additional operation adding the source image
signal (226A/218A - Clocal) to the first texture signal (226B/228B) to generate the first texture

output signal.
55.  The method of claim 54, further comprising the step of:

performing a subtraction operation on the source image signal (226A/218A - Clocal) and

the first texture signal (226B/228B) in response to the first control signal (216 - CTRL).

56.  The method of claim 54, wherein the source image signal (226A/218A - Clocal)
comprises a source image color signal and a source image alpha signal, the first texture signal
(226B/228B) comprises a first texture color signal and a first texture alpha signal, the second
texture signal (226C/228C) comprises a second texture color signal and a second texture alpha

signal, and further comprising the step of:
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26. _Ine_nelhod of cIa|n124 wherein said first and second control signals
are different. The nethod of claim1 |
texture “M‘MH | are sequent ially connected t
one addmﬁmml“l \ ”s conbi ned by each texture ¢
single pi*xef rend erlng pass. 28. The net hgd of
said second rel ationship can be represented by at | egst

operation, a nmultiplication operation, a sulgtraction
addi tion operation.

performing a multiplication operation on the first texture color signal and one of the
source image color signal, the source image alpha signal, the first texture alpha signal, and a

level-of-detail signal (320) in response to the first control signal (216 - CTRL).
57.  The method of claim 54, further comprising the step of:

generating one of a binary one signal and a binary zero signal in response to the first

control signal (216 - CTRL).
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23 . 29. An apparatus receiving a source imge signal (226A Zlé /
Cl ocal)™ and a pl ural Ity of texture signals each representing a texture,

for co i mage signal (226A/218A - Cdocal) with signals
repres m il lﬂEg of the textures during a single pixel rendering

«)

pass, rising: 16 @ first texyure 05|te uni t
(304/210B), disposed to receive the source imge sig aﬁ‘EPLA :
Clocal) and a first texture signal (226B/228B) of the |p - eyt ur al

signals, the source image signal (226A/218A - C ocal)

texture signal (226B/228B) representing independent Jirst
control signal (216 - CTRL) representing a first rgl & ' t he.
source i mage signal (226A/218A - Cocal) and the fi 9

(226B/ 228B), for conbining the source imge signal A 2 Clocgl) and

the firstytiggéure signal (226B/228B) in accordance with the first
rel atlons%T-p—iso generate a first output texture

1. An apparatus, receiving a plurality of texture signals each representing a texture,
for combining signals representing at least three of said textures during a single pixel rendering
pass, the apparatus comprising:

a first texture composite unit, disposed to receive a first texture signal and a second
texture signal of said plurality of texture signals, said first and second texture signals
representing independent textures, and a first control signal representing a first relationship
between said first texture signal and said second texture signal, for combining said first texture
signal and said second texture signal in accordance with said first relationship to generate a first
output texture signal;

a second texture composite unit, disposed to receive said first output texture signal, a
third texture signal of said plurality of texture signals, and a second control signal representing a
second relationship between said first output texture signal ahd said third texture signal, for
combining said first output texture signal and said third texture signél in accordance with said
second relationship to generate a second output texture signal, wherein said second output texture
signal is generated from said first, second, and third texture signals in a single pixel rendering

pass.

2. The apparatus of claim 1, wherein said first texture signal comprises a first texture
color signal and a first texture alpha signal and said second texture signal comprises a second

texture color signal and a second texture alpha signal, the apparatus further comprising:



si gnal (W a second texture corrposi te unit (304/2100),
di sposed first output texture sign -2-4+88¢ 22"“§‘ econd
texture s mﬂ:’lﬂé of the plurality of textuBEPlsﬁ MENS Hf-ﬂ a
second cont* - CTRL) representing a { qond rel at1onship

bet ween t he f| rst out put texture si gnaly (218B/ 2208) lang7t$Ep 999pnd Yexture
si gnal (226/228C), for conbining the first output |tgxture si gnal
(218B/ 220B) and the second texture signal (226C 224C)t+n—acecordaret W th
the second relationship to generate a second out put] texture signal
(218C/ 220C), wherein the second output texture signal (2I180T72200) Ts
generated fromthe source inmage signal (226A/218A - Cocal), the first
texture signal a§ubpediop28®)havingdhet fivet toduroolor sgnalinmd the gevahd (2REAR@AB@nal n a
singl e pi xel rendering pass. 30. The apparatus of claim 29,

wher ei n t heinpets dodsuberadiing eaid Gin @siurecolorisignfl It Zld&Erond teetmes cobs sighal. f i r st
out put texture signal (218B/220B) directly fromthe first texture conposite
unit

3. The apparatus of claim 2, further comprising:

a multiplication and add unit, for multiplying the second texture signal with one of said
first texture color signal, said first texture alpha signal, said second texture alpha signal, and a

level-of-detail signal, and adding one of said first texture color signal and a third signal.

4. The apparatus of claim 2, further comprising:

* a multiplication unit, for multiplying said second texture color signal and one of said first
texture color signal, said first texture alpha signal, said second texture alpha signal, and a level-

of-detail signai.

5. The apparatus of claim 4, further comprising:

a constant generating unit, for generating a signal representing a predefined value.

6. The apparatus of claim 4, further comprising:

a pass-thru unit, coupled to said first texture signal, for outputting the first texture signal.
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first
CTRL)
first
CTRL)
addi ti

onal texture conposite units are sequentially CBE#LQCEMENFWEEThbt
one additional texture signal is conbined by each adgli yrorat

31 The apparatus of claim30, wherein the

naI (2 6 - and the second control signal (216 -

mll &Il”um The apparatus of claim 30, wherein the
CTRL) and the second control signal (216 - '
are di 33.

fer ent . Thg gappar at us of pebalm 29, __wherein
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7. The apparatus of claim 1, wherein the first texture signal and the second texture

signal include four texture component signals.

8. The apparatus of claim 7, wherein said four texture component signals include a

red color signal, a green color signal, a blue color signal, and an alpha color signal.

9. The apparatus of claim 7, further comprising four texture combine subunits, each

texture combine subunit associated with one of said four texture component signals, each of said

texture combine subunits having said first blend factor determinator, said blending unit, and said

addition unit.

10.  The apparatus of claim 9, wherein each of said texture combine subunits receive a
control signal, and performs one of the blend function and the add function in response to said

control signal in a single pixel rendering pass.

11.  The apparatus of claim 9, wherein two or more of said texture combine subunits
receive a first control signal and performs one of the blend function and the add function in

response to said first control signal in a single pixel rendering pass.



textu;é\zgﬁgagr?ﬁ‘nnr%\during a single pixel rendering pass. 34.

The ap ai m29, wherein the source i mage signal (226A/ 218A -
Cl ocal urce i mage col or signal and a source inage al pha
si gnal and® t He xture signal (226B/228B) conprises a first texture

col or signal and a flrst texture al phajisignal, the
conpri si ng. a subtraction unit (508), haviln
color signal and the first texture color signal ag i|jnputs, for sulgtqacting
t he source image color signal fromthe first texturle jcaid@ SEPJ89 .
35. The apparatus of claim29, wherein the sourcqg ijmage signal (326A/ 218A
- Clocal) conprises a source inmage color signal a | pha
signal and the first texture signal (226B/228B) conprises a first tgxture
color signal and a first texture al pha signal, the apparatus further

conpri si ng: a multiplication and add unit (504), for nultiplying

the first t ext] yre %ilggpaplaraﬁl%%§ %i%?ﬁ%nher comprising a first storage unit coupled to said

first texture composite unit and a second storage unit coupled to said second texture composite

unit, said first storage unit storing a representation of a first mipmap level, said second storage

unit storing a representation of a second mipmap level.

13.  The apparatus of claim. 12, wherein said blending factor is equal to a selected
composite factor representing one of said first mipmap level and a mid-level mipmap level
between said first mipmap levél and said second mipmap level, the first texture color signal
representing said first mipmap level, the second texture color signal representing said second

mipmap level.

14.  The apparatus of claim 1, wherein said second texture composite unit receives

said first output texture signal directly from said first texture composite unit.

15.  The apparatus of claim 14, wherein said first and second control signals are the

same.

16.  The apparatus of claim 14, wherein said first and second controi signals are

different.

17.  The apparatus of claim 1, wherein additional texture composite units are

sequentially connected such that one additional texture signal is combined by each additional



WI tm\omigﬂgﬁg | mage col or signal, the first texture al pha signal,

the second textu ha 25 signal, and a

Ievﬁllu ilosignal (320), and addi ng one of the source imge col or

sig !M’ﬁﬂmfsl gnal . 36. The apparatus of claim 29,
es

wher €i n ¢t TWhage signal (226A/ 288A - d ocal conprises a source
I mge col or signal and a source inage al pha signal ' el T Sttexture
signal (226B/228B) conprises a first texture col of r}hgeM'éM:jbsgfﬂrst

texture al pha signal, the apparatus further conpr

(7]
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texture composite unit during a single pixel rendering pass.

18.  The apparatus of claim 1, wherein said first texture composite unit iﬁcludes:

a first blend factor determinator, for determining a first blend factor, said first
blend factor representing a blending relationship between said first texture signal and said second
texture signal;

a first blending unit, coupled to said first blend factor determinator, for blending
said first texture signal and said second texture signal based upon said first blend factor; and

a first addition unit, having the first texture signal and the second texture signal as

inputs, for adding the first output texture signal and the second texture signal.

19. A computer based method for combining at least three texture si gnals, in a single
pixel rendering pass, the computer having a first and second texture composite units, comprising
the steps of:

receiving a first of said texture signals;

receiving a second of said texture signals, said first and second texture sigﬁals
representing independent textures;

.receiving a first control signal representing a first relationship between said first texture
signal and said second texture signal; and

combining said first texture signal and said second texture signal in accordance with said
first relationship to generate a first output texture signal;

receiving a third of said texture signals;

receiving a second control signal representing a second relationship between said first



T

a multiplication unit (504), for multiplying the first texture color signal
and one of the source image color signal, the first texture al pha signal,

the sﬂmmuumm m‘ﬂl ha signal, and a |evel-of-detail signal (320).
claim 36, further conpri sing; =GOSy ant
generat"l n§ uhit" (802, for generating aisignal repr sEEﬂhAGQMﬁN BEEY i hed
val ue. 38. The apparatus of claim 36, fdrf B:
a pass-thru unit (502), coupled to the source imageisig BA] -
Clocal), for out putting the source inmage signal ( =’] :
39. The apparatus of claim 29, wherein the sourcel(i tege L=
- Cocal) and the first texture signal (226B/228Bj each |ncI ude fou
conponent ogipg@@kare signal and said thidexture Sigaalappar at us of =tHarmm 39, wherein the
four conponent signals include a red col or

combining said first output texture signal and said third texture signal in accordance with

said second relationship to generate a second output texture signal,

wherein said second output texture signal is generated from said first, second, and third

texture signals in a single pixel rendering pass.

20.  The method of claim 19, further comprising the steps of:

determining a blend factor representing a relationship between said first texture signal
and the second texture signal; and

performing one of a blending operation and an addition operation in a single texture
rendering pass in response to said second control signal, said blending operation combining said
first texture signal and said second texture signal according to said blend factor, said addition
operation adding said first texture signal to said second texture signal to generate said first

texture output signal.

21.  The method of claim 20, further comprising the step of:
performing a subtraction operation on said first texture signal and said second texture

signal in response to said first control signal.

22.  The method of claim 20, further comprising the step of:
performing a multiplication operation on said second texture color signal and one of said
first texture color signal, said first texture alpha signal, said second texture alpha signal, and a

level-of-detail signal in response to said first control signal.



si gnal ,

signal, a blue color signal, and an al pha col or
si gnal . 41. The apparatus of claim 39, wherein each texture
conposi t(f “mulm nprises 26 four texture conbine
subunits mﬂ””mexture conbi ne subunit a Fete Wt agejof the
four conponeht sighalss, *each of the tegpure comnbi e'ﬁ; g (A D)
having a first blend factor determ nator (604), ending unit (510), and
an addition unit (506). 42. The appar atju ojl'lcSEPrﬁB?&_, wherein
each of the texture conbine subunits (402A- D) r i ves a controlj 4i gnal

(216 - CTRL), and perforns at |east one of the bl gnha~fomctTomant

23.  The method of claim 20, further comprising the step of:

generating one of a binary one signal and a binary zero signal in response to said first

control signal.

24. The method of claim 19, wherein a second texture composite unit receives said

first output texture signal direcﬂy from a first texture composite unit.

25. ' The method of claim 24, wherein said first and second control signals are the

same.

26.  The method of claim 24, wherein said first and second control signals are

different.

27.  The method of claim 19, wherein additional texture composite units are
sequentially connected to each other such that one additional téxture is combined by each texture

composite unit during a single pixel rendering pass.

28.  The method of claim 19 wherein said second relationship can be represented by at
least one of a blending operation, a multiplication operation, a subtraction operation, and an

addition operation.



t he aWnse to the control signal (216 - CTRL) in a single

pi xel rendering pass. 43. The apparatus_of claim4l, wherein two

or nor conbi ne subunits (402A-D){r ' Sk qgont r ol
si gnal efmmlnﬂmmwga performat |east one of t emﬁgﬁwmflﬁggﬁo and the
add functibn tn *espoNSe to the first ggntrol sig (1216 - CTRL)] iln a
singl e pixel rendering pass. 44.  The arldt SEP199@1 di h 29,
further conprising a first storage unit (212B) coupgied to the fijrgt
texture conposite unit (304/210B) and a second stforage unit (Z2IZC) jcoupl ed
to the second texture conposite unit (304/210C), first storage unit
(212B) storing a representation of a first mpmap |evel, the second
storage ypit (ALppAraws Aceinigga s ivagndigial (12641218 AsaTlednd) andiapaatityoyel .

45. The apparatus of claim44, wherein the first texture conposite unit

(304/ 2108y 4y,k BighslelBsth representing a texture, for combining the source image signal (226A/218A -

Clocal) with signals representing at least two of the textures during a single pixel rendering pass,
the apparatus comprising:

a first texture composite unit (304/210B), disposed to receive the source image signal
(226A/218A - Clocal) and a first texture signal (226B/228B) of the plurality of textural signals,
the source image signal (226A/218A - Clocal) and the first texture signal (226B/228B)
representing independent textures, and a first control signal (216 - CTRL) representing a first
relationship between the source image si gnal (226A/218A - Clocal) and the first texture signal
(226B/228B), for combining the source image signal (226A/218A - Clocal) and the first texture
signal (226B/228B) in accordance with the first relationship to generate a first output texture
signal (218B/220B);

a second texture composite unit (304/210C), disposed to receive the first output texture
signal (218B/220B), a second texture signal (226C/228C) of the plurality of texture signals, and
a second control signal (216 - CTRL) representing a second relationship between the ﬁr;t_ output

_ texture signal (218B/220B) and the second texture signal (226/228C), for combining the first
output texture signal (218B/220B) and the second texture signal (226C/228C) in accordance with
the second relationship to generate a second output texture signal (218C/220C), wherein the
second output texture signal (218C/220C) is generated from the source image signal (226A/218A
- Clocal), the first texture signal (226B/228B), and the second texture signal (226C/228C) in a

single pixel rendering pass.

30.  The apparatus of claim 29, wherein the second texture composite unit (304/210C)

receives the first output texture signal (218B/220B) directly from the first texture composite unit



a f Frst—btend—factor determ nator (604), for determining a first blend
ctor, the fII’St bl“F factor representing a blending relationship

betvvjem l“ ge signal (226A/218A - Cocal) and the first texture
sign 2 7

a first bl ending unit

(510), coupl ed to the first blend factogsdeterm natof frpd I ng
the source i mage signal (226A/218A - Cocal) and thej fjtrs : nal
(226B/ 228B) based upon the first blend factor; and a first
addition unit (506), having the source inmage signal (226[1/72339\1999:1 ocal)
and the |

(304/210B).

31.  The apparatus of claim 30, wherein the first control signal (216 - CTRL) and the

second control signal (216 - CTRL) are the same. -

32.  The apparatus of claim 30, wherein the first control signal (216 - CTRL) and the

second control signal (216 - CTRL) are different.

33.  The apparatus of claim 29, wherein additional texture composite units are
sequentially connested such that one additional texture signal is combined by each additional

texture composite unit during a single pixel rendering pass.

34.  The apparatus of claim 29, wherein the source image signal (226A/218A - Clocal)
comprises a source image color signal and a source image aipha signal and the first texture signal
(226B/228B) comprises a first texture color signal and a first texture alpha signal, the apparatus

further comprising.

a subtraction unit (508), having the source image color signal and the first texture color

signal as inputs, for subtracting the source image color signal from the first texture color signal.

35.  The apparatus of claim 29, wherein the source image signal (226A/218A - Clocal)
comprises a source image color signal and a source image alpha signal and the first texture signal
(226B/228B) comprises a first texture color signal and a first texture alpha signal, the apparatus

further comprising:

a multiplication and add unit (504), for multiplying the first texture signal (226B/228B)

with one of the source image color signal, the first texture alpha signal, the second textﬁre alpha



fi rét texture signal (226B/228B) as inputs, for adding the first output
text UMB and the first texture signal (226B /2288)

cl ai m 45, wherein the bl ending fla =
sel ect ﬂm, &l or representing one of the firs a
m d-| eve between the figst mpmap |evel jand t he seco d

m pmap IeveI t he source I mage col or signal representiing thé S&R. n'Jap
| evel , the first texture col or si ghal representing the sdcond m prmap
| evel . 47. The apparatus of claim45, wherdin a texture effegt
Is indicated by either or both of the first control silignal.(216 - CTRI)
and the second control signal (216 - CTRL). 48. The appar at us
of cl ai m gdnal \A8REVRI-bheethibsipnal €320§, andadding onb of the shintdintige s¢6CsL@il and 4 ght
reflections and diffuse |ight reflections. 49. A conmput er based
met hod fof; GQipabfi ng at |east two texture signals, in a single

a
a

—+

36.  The apparatus of claim 29, wherein the source image signal (226A/218A - Clocal)
comprises a source image color signal and a source image alpha signal and the first texture signal
(226B/228B) comprises a first texture color signal and a first texture alpha signal, the apparatus
further comprising:

a multiplication unit (504), for multiplying the first texture color signal and one of the
source image color signal, the first texture alpha signal, the second texture alpha signal, and a

level-of-detail signal (320).
37.  The apparatus of claim 36, ﬁlrther comprising:
a constant generating unit (502), for generating a signal representing a predefined value.
38. The apparatus of claim 36, further comprising:

a pass-thru unit (502), coupled to the source image signal (226A/218A - Clocal), for

outputting the source image signal (226A/218A - Clocal).

39.  The apparatus of claim 29, wherein the source image signal (226A/218A - Clocal)

and the first texture signal (226B/228B) each include four component signals.

40.  The apparatus of claim 39, wherein the four component signals include a red color

signal, a green color signal, a blue color signal, and-an alpha color signal.

41.  The apparatus of claim 39, wherein each texture composite unit further comprises



pi xel rwomuter having a first texture conposite unit
(304/210B) and a secon xture conposite unit (304/210C), conprising the

st eps of
Cl ocal);
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representl ng¢ant |1 nde nt texture; 26 28

receiving a first control signal (216 - CTRL) repr esbntlﬁi]g a Iﬂ@é

rel ati onship between the source image signal (226Q/ gnd t he
first texture signal (226B/228B); and (d) kopbining the scurce

| mage signal (226A/218A - Clocal) and the first tekture signal

four texture combine subunits (402A-D), each texture combine subunit associated with one of the
four component signals, each of the texture combine subunits (402A-D) having a first blend

factor determinator (604), a blending unit (510), and an addition unit (506).

42.  The apparatus of claim 41, wherein each of the texture combine subunits (402A-
D) receives a control signal (216 - CTRL), and performs at least one of the blend function and

the add function in response to the control signal (216 - CTRL) in a single pixel rendering pass.

43.  The apparatus of claim 41, wherein two or more of the texture combine subunits
(402A-D) receive a first control signal (216 - CTRL) and perform at least one of the blend
function and the add function in response to the first control signal (216 - CTRL) in a single

pixel rendering pass.

44.  The apparatus of claim 29, further comprising a first storage unit (212B) coupled
to the first texture composite unit (304/210B) and a second storage unit (212C) coupled to the
second texture composite unit (304/210C), the first storage unit (212B) storing a representation
of a first mipmap level, the second storage unit (212C) storing a representation of a second

mipmap level.

45.  The apparatus of claim 44, wherein the first texture composite unit (304/210B)

includes;

a first blend factor determinator (604), for determining a first blend factor, the first blend
factor representing a blending relationship between the source image signal (226A/218A -

Clocal) and the first texture signal (226B/228B);



(226B/228B) in accordance with the first relationship to generate a first

out p 218B/2208) (e) receiving a second texture
signal (226C/ 228 receiving a second cogé+el—si-gnal (218 -
CTRL), Emnuﬁ\i cond reI ationship between the f%@ﬂﬁmfmtsmt

Si gnal \M the second textyre signal (2268 g28Cy—amnd

(g) combini nd tfe’ first out put texture signal (218B/2p0B) 1&71%5#1
texture signal (226C 228C) in accordance with the sego rel
generate a second output texture signal (218C 220C); wher ej
second out put texture signal (218C/ 220C) is generated]fromthe source i
signal (226A/218A - Cocal), the first texture signal T

second texture, gisghehding GaES B2pled B the HitsNBlefd RkHPHetb@ifR6d B PRES.
50. The et hodsof cllaélmﬁ(g'1 wherein the first and second c(ont)rol si gnal

(216 - blending the source image signal (226A/218A - Clocal) and the first texture signal (226B/228B)

based upon the first blend factor; and

a first addition unit (506), having the source image signal (226A/218A - Clocal) and the
first texture signal (226B/228B) as inputs, for adding the first output texture signal (218B/220B)

and the first texture signal (226B/228B).

46.  The apparatus of claim 45, wherein the blending factor is equal to a selected
composite factor representing one of the first mipmap level and a mid-level mipmap level
between the first mipmap level and the second mipmap level, the source image color signal
representing the first mipmap level, the first texture color signal representing the second mipmap

level.

47.  The apparatus of claim 45, wherein a texture effect is indicated by either or both

of the first control signal (216 - CTRL) and the second control signal (216 - CTRL).

48.  The apparatus of claim 47, wherein the texture effect is one or both of specular

light reflections and diffuse light reflections.

49, A computer based method for combining at least two texture signals, in a single
pixel rendering pass, the computer having a first texture composite unit (304/210B) and a second

texture composite unit (304/210C), comprising the steps of:

(a) receiving a source image signal (226A/218A - Clocal);

(b) receiving a first texture signal (226B/228B) representing an independent texture;



'CTRI;s) are the sane. 51. The net hod of claim49, wherein the
first Msignal (216 - CTRLs) are the_different.

t hod of claim49, wherein steps (e)-(g) ar X ACPMERT ISHEET
repeate‘ " j "mmﬂ[iat ed output texture signal andja

signal s ditional textusg is conbined py eaf? srﬁ:o%dgtl
steps (e)-(9) durlng a single pixel rendering pass.

The nethod of claim49, wherein thelsecond
relatlonshlp can be represented by at

A1

(c) receiving a first control signal (216 - CTRL) representing a first relationship between
the source image signal (226A/218A - Clocal) and the first texture signal (226B/228B); and

(d) combining the source image signal (226A/218A - Clocal) and the first texturs signal
(226B/228B) in accordance with the first relationship to generate a first output texture signal
(218B/220B);

(e) receiving a second texture signal (226C/228C);

(f) receiving a second control signal (216 - CTRL) representing a second relationship
between the first output texture signal (218B/220B) and the second texture signal (226C/228C);
and

(g) combining the first output texture signal (218B/220B) and the second texture signal
(226C/228C) in accordance with the second relationship to generate a second output texture
signal (218C/220C);

wherein the second output texture signal (218C/220C) is generated from the source image
signal (226A/218A - Clocal), the first texture signal (226B/228B), and the second texture signal

(226C/228C) in a single pixel rendering pass.

50.  The method of claim 49, wherein the first and second control signal (216 -

CTRLs) are the same.

51.  The method of claim 49, wherein the first and second control signal (216 -

CTRLs) are the different.

52.  The method of claim 49, wherein steps (€)-(g) are sequentially repeated for each
generated output texture signal and additional texture signals such that one additional texture is

combined by each repetition of steps (e)-(g) during a single pixel rendering pass.



| east one of a blendin peration, a multiplication operation, a

subt ra,c,Lj_gn—epe'raTl’ErT,_gaJ;‘d an additional operation. REPLA‘-G!EM SHTEE

nmet hod of cl ai mﬂ§ \““\her conprising the steps of: det-ernt ,d f]lg a
bl end f g a relationship between the soufce, J ey
(226A/ Zf“““\% sand the first textyye signal (226p/ 28@%@9
perform g &ne of a bl endi ng operation @nd an additionfoperating jn |
single texture rendering pass in response to the secofpd control signal
(216 - CTRL), the blending operation conbining the so j ' -
(226A/ 218A - Clocal) and the first texture signal (226B/228B) according to
the blend factor, the additional operation adding the source inage signal

(226A 218A - Csgcal Fnd Rethdioflclain 49, tveherdih ﬁae%a%gakelﬁt%%ﬁﬁé gmreaﬁsgﬁgheﬂ e
. I )

the first texture output signal. The nmet hod of

further CQURf 311?0'?9 b}ehrﬁng B;?epau%h: a multiplication operation, a subtraction operation, and an

additional operation.
54.  The method of claim 49, further comprising the steps of:

determining a blend factor representing a relationship between the source image signal

(226A/218A - Clocal) and the first texture signal (226B/228B); and

performing one of a blending operation and an addition operating in a single texture
rendering pass in response to the second control signal (216 - CTRL), the blending operation
combining the source image signal (226A/218A - Clocal) and the first texture signal
(226B/228B) according to the blend factor, the additional operation adding the source image
signal (226A/218A - Clocal) to the first texture signal (226B/228B) to generate the first texture

output signal.
55.  The method of claim 54, further comprising the step of?

performing a subtraction operation on the source image signal (226A/218A - Clocal) and

the first texture signal (226B/228B) in response to the first control signal (216 - CTRL).

56.  The method of claim 54, wherein the source image signal (226A/218A - Clocal)
comprises a source image color signal and a source image alpha signal, the first texture signal
(226B/228B) comprises a first texture color signal and a first texture alpha signal, the second
texture signal (226C/228C) comprises a second texture color signal and a second texture alpha

signal, and further comprising the step of:



control

S 16 -sCTRL). 6. The net hod o
wherei n the source i mage signal (226A/218A - Cocal) ¢ ﬁ%%@’ 's@ﬂﬁﬂé,

perform ﬁperation on the source imge signal (226A/218A -
Cl ocal) ;‘m!ﬂ !“mm‘“m ture signal (226B/228B) in response to the first
i 5

i mage color signal and a source image ajpha signal, the fiirst texture 7

signal (226B/228B) conprises a first texture color si
texture al pha signal, the second texture signal (2260
second texture color signal and a second texture al pha
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BC) conprisesja

conprising the step of:
30
performing a multiplication operation on the first texture color signal and one of the
source image color signal, the source image alpha signal, the first texture alpha signal, and a

level-of-detail signal (320) in response to the first control signal (216 - CTRL).

57.  The method of claim 54, further comprising the step of:

generating one of a binary one signal and a binary zero signal in response to the first

control signal (216 - CTRL).



performng a nultiplication operation on the first texture col or si gn@w@,l

one of the source inmage color signal, the source inmage al pha signal, the

f rrst—rexrure arpha Signal , —and™a - Tever—ofr=uerart—si gmat—( 32— responde s 4

to-the first control signal (216 - CTRL). 57. The net hod of opy.
claimb54, further conprising the step of .. gener at i nAPESEN

bi nary one si gﬁ;?gnd a bi W%M&ﬁ%@on&%%ﬁe to t "» st
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A texture compositing apparatus (figure 6) and
method for combining multiple independent texture colors
in a variety of ways in a single execution pass using a
single texture compositing unit {TCU) (304) per texwure.
‘The TCU (304) receives a control signal, (216) a blend
factor (320), a local data signal (Ciocat/Atoca) (226C,
228C), and an output data signal (Ci/Ajn) (218B, 220B)
generated by another TCU, the local data signal and the
ouput data signal represent a texture color in a RGBA
format. Based upon the control signal (216), the TCU
(304) can generate an output signal (218C, 220C) based on
a variety .of functions. The outputs that can be generated
include but are not limited to: (1) zero; (2) one; (3) Cin;
(4) Croeats (5) Cin + Ciocat; (6) Cin + Cioeats (7) Cin * Ciocu
(8) Cin * Ciocal + Alocat; (9) Cin * Asocal + Ciocasi (10) (Cin
- Ciocat) * Fplend + Ciocali and (11) (Cin - Ciocat) * (1-Fitena)
+ Ciocai- Another feature of the invention is that multiple
.TCUs can be serially coupled to enable addition texture
colors to be combined in a single execution path.
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