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(57) ABSTRACT 

Amethod and system for processing textures for a graphical 
image on a display is disclosed. The graphical image 
includes an object. The object includes a plurality of frag 
ments. The method and system include providing a memory 
and providing a plurality of texture processors coupled With 
the memory. The memory is for storing a portion of a 
program for processing a plurality of textures for the plu 
rality of fragments. Each of the plurality of texture proces 
sors is for processing a texture for a fragment in accordance 
With the program. The plurality of texture processors is 
capable of processing a part of the plurality of textures in 
parallel. 
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METHOD AND SYSTEM FOR PROVIDING 
PROGRAMMABLE TEXTURE PROCESSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention is related to co-pending US. 
patent application Ser. No. 08/624,261, entitled “METHOD 
AND APPARATUS FOR IDENTIFYING AN ELIMINAT 
ING THREE-DIMENSIONAL OBJECTS VISUALLY 
OBSTRUCTED FORM A PLANAR SURFACE” ?led on 
Mar. 29, 1996 and assigned to the assignee of the present 
application. The present invention is also related to co 
pending US. patent application Ser. No. 08/624,260, 
entitled “GRAPHICS PROCESSORS, SYSTEM AND 
METHOD FOR GENERATING SCREEN PIXELS IN 
RASTER ORDER UTILIZING A SINGLE INTERPOLA 
TOR” ?led on Mar. 29, 1996 and assigned to the assignee of 
the present application. 

FIELD OF THE INVENTION 

[0002] The present invention relates to displaying graphi 
cal image on a computer system and more particularly to a 
method and system for providing programmable texture 
processing for a graphical image. 

BACKGROUND OF THE INVENTION 

[0003] A conventional computer graphics system can dis 
play graphical images of objects on a display. The display 
includes a plurality of display elements, knoWn as pixels, 
typically arranged in a grid. In order to display objects, the 
conventional computer graphics system typically breaks 
each object into a plurality of polygons. A conventional 
system then renders the polygons in a particular order. For 
a three-dimensional scene, the opaque polygons are gener 
ally rendered from front to back as measured from the 
vieWing plane of the display. Translucent polygons are 
desired to be rendered from back to front. Similarly, a 
tWo-dimensional scene can be displayed. In such a case, 
polygons are rendered based on their layer. ShalloWer layers 
occlude deeper layers. 

[0004] Each of the polygon covers, or intersects, some 
number of the pixels in the display. Data for a portion of a 
polygon Which intersects a particular pixel is termed the 
fragment for that polygon and that pixel. Thus, each polygon 
typically includes a number of fragments. The fragment 
includes data relating to the polygon at the pixel the frag 
ment intersects. For example, the fragment typically 
includes information relating to color, blending modes, and 
texture. In order to render each fragment of a polygon, a 
graphics processing system must process the color and 
texture for the fragment. 

[0005] In order to process the fragment, conventional 
systems interpolate the color and accumulate the color and 
the texture for the fragment. The texture can be thought of 
as another color that is typically derived from a texture map. 
Thus, in most conventional systems, texture and color are 
blended together to obtain a ?nal color value for the frag 
ment. In order to process the texture, a texture map is 
typically used. The texture map contains data relating to a 
variety of textures. The conventional graphics system typi 
cally looks up a desired portion of the texture. This portion 
of a texture typically corresponds to a pixel and is called a 
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texel. The texel includes color and 0t information, but is 
given a different name to indicate that it came from a texture, 

rather than an interpolated value, such as a color, or other 
source. The conventional graphics system then combines the 
texel With interpolated colors in a texture blending unit. 
Texture processing is typically folloWed by a blend Which 
accounts for translucency of the fragment. 

[0006] More recently, multiple texture mapping has been 
used. Multiple texture mapping blends multiple textures for 
a pixel to provide the desired appearance. For example, 
multiple texture mapping may combine interpolated color 
values, such as diffuse and specular interpolated values, With 
a ?rst texture representing the look of the object, another 
texture representing light, and a third texture depicting a 
re?ection of another portion of the scene to add gloss to the 
object. Thus, each pixel in the display can have the desired 
appearance. 

[0007] One conventional method for providing multiple 
texture mapping uses multiple texture blending units. Each 
texture blending unit is typically an arithmetic logic unit. 
The ?rst texture blending unit receives as inputs a texel and 
the interpolated values. The texture blending unit then 
blends the texel With one or more of the interpolated values. 
This blending is typically some algebraic operation Which 
uses the texel and one or more of the interpolated values as 
operands. The resultant, as Well as interpolated values, is 
passed to the next texture blending unit. This texture blend 
ing unit also receives as an input a texel from a texture map. 
This texture blending unit performs an operation on some of 
the inputs, including the texel, and provides an output to a 
subsequent texture blending unit. This process continues 
until a ?nal resultant is provided. Another conventional 
method utiliZes a softWare renderer. If implemented in 
hardWare, the renderer Would provide a single texture blend 
ing unit. The single texture blending unit Would then per 
form multiple blends for each fragment. The resultant of 
each blend except the ?nal blend Would be provided back as 
an input of the texture blending unit. 

[0008] Although the conventional methods for performing 
texture blends function, there are many different Ways in 
Which textures can be blended With interpolated values. The 
particular values blended, as Well as the mathematical func 
tion used to blend the values can change. If all of these 
combinations are alloWed in each texture blending unit, then 
each texture blending unit Would be relatively large and 
complex. Therefore, only a limited subset of the functions is 
typically supported by the texture blending unit. In some 
cases, for example Where the texture blending units are 
cascaded, the function provided by each of the texture 
blending units can be ?xed. Although such a texture blend 
ing unit is smaller, its functionality is limited. Different 
applications may utiliZe different operations used in texture 
blending. If a particular application utiliZes a texture blend 
not supported by the texture blending units, the graphical 
image generated by the application Will not appear as 
desired. Thus, a system having texture blending units Which 
are smaller may not be able to adapt to certain applications. 

[0009] Accordingly, What is needed is a system and 
method for providing an adaptable mechanism for providing 
texture processing Without impacting performance of the 
system. The present invention addresses such a need. 
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SUMMARY OF THE INVENTION 

[0010] A method and system for processing textures for a 
graphical image on a display is disclosed. The graphical 
image includes an object. The object includes a plurality of 
fragments. The method and system comprise providing a 
memory and providing a plurality of texture processors 
coupled With the memory. The memory is for storing a 
portion of a program for processing a plurality of texture 
portions for the plurality of fragments. Each of the plurality 
of texture processors is for processing a texture portion for 
a fragment in accordance With the program. The plurality of 
texture processors is capable of processing a portion of the 
plurality of texture portions in parallel. 

[0011] According to the system and method disclosed 
herein, the present invention provides texture processing 
Which is adaptable and may occupy a reduced amount of 
space Without adversely impacting processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram of a display depicting a 
plurality of objects 

[0013] FIG. 2 is a block diagram of a portion of a 
conventional graphics system. 

[0014] FIG. 3 is a block diagram of one conventional 
system for performing texture processing. 

[0015] FIG. 4 is a block diagram of a hardWare represen 
tation of a second conventional system for performing 
texture processing. 

[0016] FIG. 5 is a block diagram of a conventional texture 
blending unit capable of performing multiple operations. 

[0017] FIG. 6 is a high-level block diagram of computer 
system in Which a system for providing a graphical image in 
accordance With the present invention can be implemented. 

[0018] FIG. 7 is a high level block diagram of the data 
flow for texture unit in accordance With the present inven 
tion. 

[0019] FIG. 8 is a high-level flow chart of a method in 
accordance With the present invention. 

[0020] FIG. 9 is a more detailed block diagram of the data 
flow for a preferred embodiment of texture unit in accor 
dance With the present invention. 

[0021] FIG. 10 is a flow chart of a method in accordance 
With the present invention. 

[0022] FIG. 11A is a block diagram of the data How in a 
texture processor in accordance With the present invention. 

[0023] FIG. 11B is a block diagram of the registers used 
by the texture processor in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The present invention relates to an improvement in 
generation of graphical images. The folloWing description is 
presented to enable one of ordinary skill in the art to make 
and use the invention and is provided in the context of a 
patent application and its requirements. Various modi?ca 
tions to the preferred embodiment Will be readily apparent to 
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those skilled in the art and the generic principles herein may 
be applied to other embodiments. Thus, the present inven 
tion is not intended to be limited to the embodiment shoWn, 
but is to be accorded the Widest scope consistent With the 
principles and features described herein. 

[0025] FIG. 1 is a block diagram of a display 1 depicting 
a graphical image. The display includes a plurality of pixels 
6, only one of Which is labeled. The graphical image 
includes polygons 2, 3, 4, and 5, Which may be part of an 
object. Each of the polygons 2, 3, 4, and 5 covers several 
pixels and includes a plurality of fragments. Each fragment 
includes data for a pixel intersected by the corresponding 
polygon. Thus, a fragment may include data relating to the 
color, texture, 0t values, and depth values for a particular 
polygon and a particular pixel. 

[0026] FIG. 2 depicts a block diagram of a portion of a 
conventional graphics system 10. The conventional graphics 
system 10 resides in a computer system (not shoWn) having 
a display 1. The conventional graphics system 10 is used by 
the computer system to generate graphical images for an 
application (not shoWn) running on the computer system. 
The conventional system 10 includes processing units 12, 
interpolators 14, a conventional texture unit 50, and con 
ventional functional unit(s) 16. The processing units 12 
provide data for each fragment in the polygons 2, 3, 4, and 
5. The interpolators 14 interpolate values, such as color, for 
each fragment in the polygons 2, 3, 4, and 5. The conven 
tional texture unit combines the interpolated values, such as 
colors, and textures to provide a color for each of the 
fragments. The conventional functional unit(s) 16 may pro 
vide a variety of functions used in rendering pixels. For 
example, the conventional functional unit(s) 16 may include 
an 0t blending unit to blend each fragment depending on its 
0t value, or translucency. The functional unit(s) 16 may also 
provide depth comparison, stencil comparison, and other 
functions. When the desired functions have been provided, 
the conventional functional unit(s) 16 can also provide data 
to the display 1 or to a display memory, such as a frame 
buffer. 

[0027] FIG. 3 depicts one conventional texture unit 50 
Which can blend multiple textures, providing multiple tex 
ture mapping. The conventional texture unit 50 includes 
conventional texture blending units 52, 54, and 56. Thus, the 
conventional texture unit 50 depicted in FIG. 3 is capable of 
blending three textures. Each of the conventional texture 
blending units 52, 54, and 56 is coupled With a texture map 
53, 55, and 57, respectively. The texture maps 53, 55, and 57 
includes multiple textures. The textures can cover many 
pixels. A single portion of a texture typically corresponds to 
a single pixel and is termed a texel. The texel generally 
includes color information and an 0t value. Thus, the texel is 
similar to the color information in a fragment. HoWever, a 
texel is given a different name to distinguish the source of 
the information. 

[0028] The interpolated values, such as diffuse and specu 
lar, are provided to the ?rst conventional texture blending 
unit 52. A texel from the texture map is also provided to the 
texture blending unit 52. The conventional blending unit 52 
then performs an operation on the texel, perhaps also using 
the interpolated values as operands. The resultant and other 
information, such as some or all of the interpolated values, 
are then passed to the next conventional texture blending 
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unit 54. The next conventional texture blending unit 56 
performs its operations using a texel from the texture map 55 
and one or more of the inputs provided by the previous 
conventional texture blending unit 52. This process contin 
ues until the fragment has been processed by all of the 
conventional texture blending units 52, 54, and 56. Thus, 
each fragment cascades through a series of conventional 
texture blending units. When the fragment emerges from the 
last blending unit 56, the fragment has undergone multiple 
texture blends. The fragment may then be passed to the 
functional unit(s) 16. 

[0029] FIG. 4 depicts another conventional texture unit 
50‘ Which provides multiple texture blends. The conven 
tional system 50‘ is a logical equivalent of a portion of a 
softWare renderer Which provides texture blending in soft 
Ware. The conventional system 50‘ includes a conventional 
texture blending unit 52‘ and a texture map 53‘. The con 
ventional texture blending unit 52‘ receives as inputs values 
from the interpolator and a texel from the texture map 53‘. 
One of the values input is the number of texels that Will be 
blended for the fragment. The conventional texture blending 
unit 52‘ blends the texel. If the texel Was not the last to be 
blended, the conventional texture blending unit 52‘ provides 
the result back to itself as an input. 

[0030] FIG. 5 depicts the conventional texture blending 
unit 52‘. The conventional texture blending unit 52‘ includes 
a multiplexer/tWiddler 60 coupled With a multiply/accumu 
lator 62, and a resultant 64. The resultant 64 is coupled to the 
multiplexer/tWiddler 60 through feedback 66. The multi 
plexer/tWiddler 60 selects Which of the inputs to provide to 
the multiply/accumulator 62. The multiplexer/tWiddler 60 
also typically performs some operations on the inputs to the 
multiply/accumulator 62. The multiply/accumulator 62 
blends the operands provided by the multiplexer/tWiddler 60 
using some function. The result is provided to the resultant 
64. If the result is to be used in another texture blend, then 
the resultant 64 provides the result to the multiplexer/ 
tWiddler 60 via feedback 66. OtherWise the result is output. 
If the conventional texture blending unit 52, 54, or 56 Was 
depicted in FIG. 5, then the feedback 66 Would not be 
provided. Instead, the result Would be output for blending by 
the next texture blending unit 54 or 56, or to the functional 

unit(s) 16. 

[0031] Although the conventional texture units 50 and 50‘ 
function, one of ordinary skill in the art Will realiZe that the 
conventional texture blending units 52, 54, 56, and 52‘ are 
large, limited in function, or both. Different texture blends 
may be desired to be performed in the conventional/texture 
blending units 52, 54, 56, and 52‘. For example, different 
applications using the conventional graphics system 10 may 
desire different blends. Furthermore, in a given scene, dif 
ferent texture blends may be desired for different portions of 
the scene. For example, one conventional blending operation 
is (texel)><(diffuse)+specular. There are, hoWever, many 
other Ways in Which texels and interpolated values can be 
combined. In order to alloW for all of these combinations, 
the multiplexer/tWiddler 60 Would include a crossbar Which 
alloWed each input to be provided as the appropriate operand 
for the operation performed by the multiply/accumulator 62. 
There may also be several interpolated values provided to 
each conventional texture blending unit 52, 54, 56, or 52‘ in 
addition to at least one texel. Therefore, the crossbar may be 
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both complex and large. Thus, the conventional texture unit 
50 or 50‘ may occupy a large amount of space, Which is 
undesirable. 

[0032] In order to reduce the siZe of the conventional 
texture blending unit 52, 54, 56, or 52‘, the conventional 
texture blending units 52, 54, 56, or 58 may be alloWed to 
perform only a small subset of the possible operations. 
Because feWer different operations are alloWed, each inter 
polated value or texel is capable of being provided to feWer 
locations. Thus, the siZe and complexity of the crossbar in 
the multiplexer/tWiddler 60 is reduced. 

[0033] Although the siZe of the conventional texture 
blending units 52, 54, 56, or 58 and, therefore, the siZe of the 
conventional texture units 50 and 50‘ can be reduced, one of 
ordinary skill in the art Will realiZe that the adaptability of 
the conventional texture units 50 and 50‘ is sacri?ced. As 
discussed above, different texture blends may be desired. 
Reducing the siZe of the multiplexer/tWiddler 60 reduces the 
ability of the conventional texture units 50 and 50‘ to provide 
different texture blends. Thus, the conventional texture units 
50 and 50‘ may be unable to adapt to the blends used by 
different applications. 

[0034] A method and system for processing textures for a 
graphical image on a display is disclosed. The graphical 
image includes an object. The object includes a plurality of 
fragments. The method and system comprise providing a 
memory and providing a plurality of texture processors 
coupled With the memory. The memory is for storing a 
portion of a program for processing a plurality of texture 
portions for the plurality of fragments. The each of the 
plurality of texture processors is for processing a texture for 
a fragment in accordance With the program. The plurality of 
texture processors is capable of processing a portion of the 
plurality of textures in parallel. 

[0035] The present invention Will be described in terms of 
texture blending using a texture lookup performed in a 
particular system. HoWever, one of ordinary skill in the art 
Will readily recogniZe that this method and system Will 
operate effectively for other types processing for graphical 
images and other systems. For example, the present inven 
tion is described in the context of a system Which renders a 
graphical image in raster order. HoWever, the present inven 
tion is consistent With systems Which process a graphical 
image in another order. The present invention is also 
described in the context of a system in Which in Which color 
blending and accumulating is provided by a separate unit 
from texture processing. Although these processes might be 
considered logically distinct, nothing prevents the present 
invention from being incorporated in a system in Which the 
color blending and texture processing are accomplished in a 
single unit. Similarly, the present invention is consistent 
With another type of texture or color processing. Further 
more, the present invention is described in the context of 
particular texture processing units. HoWever, the present 
invention can be used With other texture processing units. 
For example, the present invention is consistent With gen 
erating a texture from an algorithm that may be indicated by 
the program, rather than obtaining the texture from a texture 
map. The present invention is also described in the context 
of a particular number of texture processors, registers, 
objects, and other information. HoWever, nothing prevents 
the present invention from use With a different number of 
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components, such as a different number of processors. 
Furthermore, the present invention is described as blending 
texels. HoWever, the present invention can be used to blend 
other quantities, including another portion of the texture, the 
texture itself. 

[0036] To more particularly illustrate the method and 
system in accordance With the present invention, refer noW 
to FIG. 6, depicting a simpli?ed block diagram of one 
embodiment of a computer graphics system 100 With Which 
the present invention is used. Preferred embodiments of 
portions of the computer system 100 are described more 
completely in co-pending US. patent application Ser. No. 
08/624,261 entitled “Method and Apparatus for Identifying 
and Eliminating Three-Dimensional Objects Visually 
Obstructed from a Planar Surface” ?led on Mar. 29, 1996. 
Applicant hereby incorporates by reference the above-men 
tioned co-pending application. The present invention is also 
related to co-pending US. patent application Ser. No. 
08/624,260 entitled “Graphics Processors, System and 
Method for Generating Screen Pixels in Raster Order Uti 
liZing a Single Interpolator” ?led on Mar. 29, 1996. Appli 
cant hereby incorporates by reference the above-mentioned 
co-pending application. 

[0037] The computer graphics system 100 may be used to 
generate graphical images for an application, such as an 
application residing on the memory 110. In particular, the 
computer graphics system 100 is used to display objects, 
particularly three-dimensional objects. The computer graph 
ics system 100 includes a central processing unit (CPU) 102, 
a display 104, a user interface 106 such as a keyboard or 
mouse or other communicating device, a memory 110, and 
an image generating unit 120 coupled With a bus 108. The 
display 104 includes a plurality of pixels, such as the pixels 
50 in the display 10. Each of the plurality of pixels has an 
area. The display 104 could include a display memory (not 
explicitly shoWn) to Which pixels are Written, as Well as a 
screen (not explicitly shoWn) on Which the pixels are dis 
played to a user. Note, hoWever, that nothing prevents the 
method and system from being implemented in a different 
computer system having other components. In a preferred 
embodiment, each object being displayed is preferably bro 
ken into polygons to be used in rendering the objects. In a 
preferred embodiment, the polygons are rendered in raster 
order, the order of the pixels in the display 104. 

[0038] The image generating unit 120 includes an inter 
face 122 connected to the bus 108, a processing unit 124, an 
interpolation unit 126, a texture map 140, a texture unit 150, 
an a blending unit 130, and an antialiasing unit 128. 
Although not depicted, the image generating unit 120 could 
have other functional unit(s) in addition to or in lieu of the 
a blending unit 130 and the antialiasing unit 128. Further 
more, other units providing similar or additional functions 
could be used in addition to or in lieu of the processing unit 
124 and the interpolation unit 126. 

[0039] The interface 122 provides an interface betWeen 
the remaining portions of the image generating unit 120 and 
the bus 108. The processing unit 124 identi?es data describ 
ing portions of polygons (“intersecting polygons”) Which 
intersect the area extending along a Z-axis from a selected 
pixel in an x-y plane corresponding to a screen of the display 
104. In a preferred embodiment, the intersecting polygons 
are processed in parallel. The data for With the portion of the 
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intersecting polygon associated With the selected pixel is 
termed a fragment. In the context of this disclosure, a 
fragment for an intersecting polygon Will be described as 
intersecting the pixel that the polygon intersects. A fragment 
may include the color, texture, and depth value for the 
corresponding polygon. In a preferred embodiment, each 
fragment also includes a program ID, discussed beloW. The 
program ID for the fragment might be a program ID for a 
particular object of Which the fragment is a part. Thus, each 
fragment that is part of the object Would have the same 
program ID. In another embodiment, the program ID for a 
fragment might be the same for all fragments being pro 
cessed for the application. 

[0040] The interpolation unit 126 receives the fragments 
for the intersecting polygons for the selected pixel and 
interpolates the data, including interpolating texture, color, 
and alpha values for the fragment. In one embodiment, the 
interpolation unit also provides a mask for providing anti 
aliasing of each fragment. 

[0041] The fragments for the selected pixel are then pro 
vided to a texture unit 150 in accordance With the present 
invention. In a preferred embodiment, the fragments are 
sorted by a depth value, such as the Z value, prior to being 
provided to the texture unit 150. The texture unit 150 is 
coupled to a texture map 140 and Will be described more 
completely beloW. The texture map 140 provides textures to 
the texture unit 150. In a preferred embodiment, the texture 
map 140 provides texels to the texture unit 150. HoWever, in 
an alternate embodiment, other portions of the texture can be 
used. Furthermore, texture used by the texture unit 150 can 
be generated by an algorithm or other means rather than by 
a look up in the texture map 140. 

[0042] The texture unit 150 provides the texture processed 
fragments to an 0t blending unit 130, Which performs 0t 
blending to account for translucency of the fragment. The 0t 
blending unit 130 provides the ot blended fragments to an 
antialiasing unit 128. The antialiasing unit 128 performs 
antialiasing to reduce the jagged appearance of edges in the 
graphical image. HoWever, in an alternate embodiment, 
other processing could be performed after the texture unit 
150 performs its functions. The data for the selected pixel is 
then provided to the display 104. In one embodiment, the 
antialiased data is provided to a display memory in the 
display 104. Subsequent pixels are then identi?ed as the 
selected pixel and processed, preferably in raster order. 
Thus, the objects in the graphical image can be rendered in 
raster order. Note, hoWever, that the present invention can be 
used in a system Which does not render images in raster 
order. 

[0043] FIG. 7 depicts a high level block diagram of the 
data How for the texture unit 150 in accordance With the 
present invention. The texture unit 150 includes a distributor 
152, texture processors 154-1 through 154-k coupled to the 
distributor, and a memory 156 coupled to the distributor 152. 
Fragments and texels input to the texture unit 150 are 
provided to the distributor 152. The distributor 152 distrib 
utes fragments to the texture processors 154-1 through 154-k 
for texture processing. The texture processors 154-1 through 
154-k can, therefore, process k fragments in parallel. In a 
preferred embodiment, a texture processors 154-1 through 
154-k performs all of the texture processing for a particular 
fragment. HoWever, in an alternate embodiment, a texture 
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processor 154-1 through 154-k may perform only a portion 
of the texture processing for a fragment. The remainder of 
the texture processing may be provided by another one of the 
texture processors 154-1 through 154-k. 

[0044] The memory 156 holds at least a portion of one or 
more programs used by the texture processors 154-1 through 
154-k. Thus, the memory 156 may be a cache of programs 
Which are stored elseWhere, such as the memory 110. The 
program determines hoW the processors 154-1 through 
154-k provide texture processing. Preferably, the memory 
156 resides near the texture processors 154-1 through 154-k 
and uses to program ID to locate and import at least a portion 
of the program. In such a case, the program used by a texture 
processor 154-1 through 154-k may be imported from the 
memory 110. In an alternate embodiment, the memory 156 
can reside elseWhere, including in the memory 110. HoW 
ever, this may sloW processing of the fragments. 

[0045] Each of the texture processors 154-1 through 154-k 
processes the textures in accordance With a program. Each 
texture processor 154-1 through 154-k performs all of the 
texture blending for the fragment(s) Which it receives. Thus, 
each texture processor 154-1 through 154-k may perform 
multiple texture blends or other operations. The operations 
provided and the order in Which the operations are provided 
are controlled by the program in the memory 156. 

[0046] FIG. 8 depicts a high-level ?oW chart of one 
embodiment of a method 200 for providing texture process 
ing in accordance With the present invention. The fragments, 
including the portions of the textures to be processed and 
any necessary program information, are provided to one or 
more of the texture processing units 152-1 through 152-k, 
via step 210. Preferably, the distributor 152 distributes the 
fragments in step 210. The portions of the textures are then 
processed in one or more of the texture processors 156-0 
through 156-k in accordance With the appropriate program, 
via step 220. 

[0047] Because a program is used in processing the tex 
tures, the texture processors 154-1 through 154-k can adapt 
to different blending operations on different inputs. Further 
more, the texture processors 154-1 through 154-k can access 
registers (not shoWn in FIG. 7), instead of using a crossbar. 
Thus, the siZe of the texture unit 150 remains relatively 
small. Each texture processor 154-1 through 154-k only 
provides an output When it has completed processing for the 
fragment. In contrast to the conventional texture blending 
units 52, 54, and 56 depicted in FIG. 3, the texture proces 
sors 154-1 through 154-k in FIG. 7 do not provide an output 
each clock cycle. HoWever, the time taken to process a 
fragment is not changed. Thus, a fragment ?nishes process 
ing and is output from the texture unit 150 in the same 
number of cycles as for the conventional texture unit 50 or 
50‘ performing the same number of texture blends. Multiple 
units Work together in parallel to complete processing for 
one fragment per cycle. Thus, adaptability is provided 
Without adversely impacting performance. 

[0048] FIG. 9 depicts a more detailed block diagram of 
the data How for a preferred embodiment of the texture unit 
150‘. The texture unit 150‘ includes an argument decoder 170 
coupled to a memory 160 that is preferably a program cache 
160. The argument decoder 170 is also coupled to a dis 
tributor 180. The distributor is coupled to texture processors 
190-1 through 190-k and to a ?rst in ?rst out (“FIFO”) buffer 
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192. The texture processors 190-1 through 190-k and the 
FIFO buffer 192 are coupled to a collector 195. 

[0049] In a preferred embodiment, the fragment includes 
color and 0t values. By the time the fragment reaches the 
texture unit 150‘, the fragment also includes portions of one 
or more textures, Which have been retrieved from the texture 
map 140. The portion of each texture is preferably a texel. 
The fragment can also include a program ID. The program 
ID indicates the location of the program that Will be used to 
provide texture processing for the fragment. In an alternate 
embodiment, the program used in processing the fragment 
can be obtained in another manner. 

[0050] Aportion of the fragment is input to the argument 
decoder 170, While the program ID is provided to the 
program cache 160. The argument decoder 170 receives as 
inputs interpolated values, such as color and 0t values for 
each fragment, and texels, Which are preferably from a 
texture lookup in the texture map 140. In a preferred 
embodiment, the texels and colors are in RGB (red green 
blue) format. HoWever, nothing prevents the use of another 
color format. Instructions from the program fetched into the 
program cache 160 are also provided to the argument 
decoder 170. 

[0051] The argument decoder 170 preferably includes 
tWiddlers 172-1 through 172-n. In a preferred embodiment, 
the number of tWiddlers 172-1 through 172-n is the same as 
the number of registers (not shoWn) for each texture pro 
cessor 190-1 through 190-k. The tWiddlers 172-1 through 
172-n perform preliminary operations on one or more of the 
inputs. The tWiddlers 172-1 through 172-n are thus used to 
optimiZe performance of the texture unit 150‘ by performing 
certain simple operations before the blending operations 
performed by the texture processors 190-1 through 190-k. In 
addition, different functions may be provided by the tWid 
dlers 172-1 through 172-n for different programs. For 
example, the blending provided in the texture processors 
190-1 through 190-k may use the inverse of an input, such 
as an interpolated color. One of the tWiddlers 172-1 through 
172-n Would be used to invert the interpolated color prior to 
processing by a texture processor 190-1 through 190-k. The 
to tWiddlers 172-1 through 172-n used and the operation 
performed depends upon the program instructions provided 
by the program cache 160. Thus, the number of tWiddlers 
172-1 through 172-n is need not be the same as the number 
of inputs to the argument decoder 170. Furthermore, in an 
alternate embodiment, the tWiddlers 172-1 through 172-n 
are not used. Instead, the operations performed by the 
tWiddles 172-1 through 172-n are performed Within the 
texture processors 190-1 through 190-k under the direction 
of the program. 

[0052] The argument decoder 170 provides the arguments 
for each fragment to the distributor 180. The arguments 
include the inputs Which have been operated on by one or 
more of the tWiddlers 172-1 through 172-n and any remain 
ing inputs. Thus, the arguments may include the texels, 
colors, a values, resultants from the tWiddlers 172-1 through 
172-n and other information. The argument decoder 170 also 
passes program information to the distributor 180. The 
program information includes any remaining instructions to 
be performed by a texture processor 190-1 through 190-k. In 
one embodiment, the program information also includes 
information relating to the order in Which the fragment 
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should be provided to the collector 195. The distributor 180 
passes the arguments and program information for a frag 
ment to an appropriate texture processor 190-1 through 
190-k for processing. The texture processor 190-1 through 
190-k selected is preferably the least recently used texture 
processor 190-1 through 190-k. In a preferred embodiment, 
the distributor 180 also passes the identity of the selected 
texture processor 190-1 through 190-k to the FIFO 192. 

[0053] The selected texture processor 190-1 through 190-k 
process the texel or texels for the fragment in accordance 
With the program information. The program ID is provided 
to the program cache 160 and, in a preferred embodiment, 
used to fetch the instructions used to control texture pro 
cessing. In a preferred embodiment, the program cache 160 
holds the entire program to be used in controlling texture 
processing. HoWever, in an alternate embodiment, the pro 
gram cache 160 can hold a portion of the program. In order 
to have access to the program, the program cache 160 is 
preferably coupled to a bus that is coupled With the memory 
110. The program cache 160 holds the instructions to control 
the processing of the fragment. In a preferred embodiment, 
the siZe of the program cache 160 is ?xed. The set of 
programs used to control the texture processing of a frag 
ment typically does not change for graphical images gener 
ated for a particular application. Thus, the program ID may 
be provided for a particular application in lieu of providing 
a program ID for each fragment. HoWever, the program may 
also change for different portions of a graphical image. Thus, 
the program ID may be based on the object of Which the 
fragment is a part. 

[0054] Using instructions stored in the program cache 160, 
a texture processor 190-1 through 190-k processes a frag 
ment. Each of the texture processors 190-1 through 190-k 
can process a fragment, alloWing k fragments to be pro 
cessed in parallel. Thus, the texel(s) may be blended With the 
colors for the fragment. Once the textures have been pro 
cessed, the fragment is provided to the collector 195. 

[0055] The collector 195 ensures that the fragments are 
output from the texture unit 150‘ in the correct order. In a 
preferred embodiment, the collector 195 performs this func 
tion using the information from the FIFO 192. In a preferred 
embodiment, each fragment should take the same number of 
cycles to process and should be output in the order received 
by the texture unit 150‘. Thus, fragments should be provided 
to the collector 195 in the order that the fragments Were 
provided to the texture processors 190-1 through 190-k. The 
FIFO 192 outputs to the collector 195 the identities of the 
texture processors 190-1 through 190-k in the order in Which 
the texture processors 190-1 through 190-k Were selected for 
processing a fragment. The FIFO 192, therefore, provides 
the collector 195 With the identities of the texture processors 
190-1 through 190-k in the correct order. When the collector 
195 receives an identity of a texture processor 190-1 through 
190-k from the FIFO 192, the collector 195 Waits until the 
identi?ed texture processor 190-1 through 190-k has com 
pleted processing its fragment. The collector 195 then 
receives the fragment from the identi?ed texture processor 
190-1 through 190-k and outputs the fragment from the 
texture unit 150‘. Note that the collector 195 can also be 
con?gured to account for the texture processors 190-1 
through 190-k completing processing in an unexpected 
order. Similarly, the collector 195 or the FIFO 192 can be 
modi?ed to account for the situation Where different texture 
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processors 190-1 through 190-k are expected to take a 
different number of cycles to complete processing. 

[0056] FIG. 10 depicts a more detailed ?oW chart of a 
preferred embodiment of a method 250 for providing texture 
processing for a particular fragment using the texture unit 
150‘. The program ID and arguments, such as the interpo 
lated values and portions of the textures, for a fragment are 
provided to the argument decoder 170, via step 252. If it has 
not already been cached, the instructions to be used in 
controlling texture processing are provided to the program 
cache 160, via step 254. Also in step 254, instructions are 
provided from the program cache 160 to the argument 
decoder 170. The method 250 describes the program instruc 
tions as passing through the same components of texture unit 
150‘ as the fragment. HoWever, nothing prevents the pro 
gram instructions from passing through the texture unit 150‘ 
in another path as long as the texture processing can be 
controlled. These instructions alloW the argument decoder to 
determine What operations to perform using tWiddlers 172-1 
through 172-n on Which arguments input to the argument 
decoder 170. If instructed to do so, the argument decoder 
170 the uses one or more the tWiddlers 172-1 through 172-n 
on the appropriate argument or arguments, via step 256. 
Once the operations have been performed by the tWiddlers 
152-1 through 172-n, the argument decoder 170 passes the 
arguments for the fragment to the distributor 180, via step 
258. Also in step 258 the remaining program instructions are 
passed to the distributor 180. The distributor 180 distributes 
the instructions and arguments to the appropriate texture 
processor 190-1 through 190-k, via step 260. Also in step 
260, sufficient information for the fragment to be output in 
the desired order is provided to the FIFO 192. In a preferred 
embodiment, step 260 is performed using a “not currently in 
use” algorithm. This ensures that the fragment to be pro 
cessed is passed to a texture processor 190-1 through 190-k 
that is not busy processing another fragment. 

[0057] The texture processor 190-1 through 190-k selected 
in step 260 then processes the textures in the fragment in 
accordance With the instructions, via step 262. In a preferred 
embodiment, step 262 includes providing the resultant of the 
texture processing performed in step 260 and information 
relating to the fragment’s order to the collector 195. This 
information relating to order is used because other fragments 
may be being processed in one or more of the remaining 
texture processors 190-1 through 190-k. When these remain 
ing processors 190-1 through 190-k ?nish processing the 
other fragments, these other fragments are provided to the 
collector 195. Each texture processor 190-1 through 190-k 
may not take the same number of cycles to process a 
fragment. This is particularly true Where the texture proces 
sors 190-1 through 190-k use different programs. 

[0058] The fragment is then output from the texture unit 
150‘ in the correct order, via step 264. In a preferred 
embodiment, the collector 195 outputs the fragments in the 
order that the fragments Were input to the argument decoder 
170. Also in a preferred embodiment, step 264 includes 
alloWing the collector 195 to use the information provided to 
determine the desired order for the fragment and output the 
fragment in the desired order. Although texture processing 
for the fragments can be performed in parallel by the texture 
processors 190-1 through 190-k, the fragments may be 
output serially, in the order that the fragments Were provided 
to the texture unit 150‘. 
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[0059] FIGS. 11A and 11B depict block diagrams of the 
data How for one embodiment of a texture processor 300 
Which may be used for the texture processors 190-1 through 
190-k or 154-1 through 154-k and of the registers 330 used 
by the texture processor 300. In a preferred embodiment, the 
number of registers 330 is the same as the number of 
tWiddlers 172-1 through 172-n. HoWever, there may be 
another number of registers 330. In addition, the registers 
330 may be used even if tWiddlers 172-1 through 172-n are 
not present. The texture processor 300 utilizes operands 302, 
304, 306, and 308. Thus, in the embodiment depicted in 
FIG. 11A, the texture processor can perform operations on 
four operands 302, 304, 306, and 308 during one clock 
cycle. The four operands 302, 304, 306, and 308 may be the 
arguments provided to the texture processor 300 from the 
distributor 180 or the result of a previous operation per 
formed by the texture processor 300. The four operands 302, 
304, 306, and are obtained from one or more of the registers 
330. The registers 330 include registers 332 Which may hold 
interpolated values, texels, immediate values, or other infor 
mation. The registers 330 also include destination registers 
198. The destination registers 198 may be used to hold 
resultants of operations performed by the texture processor 
300. The destination registers 198 may also be used to 
provide one or more of the operands 302, 304, 306, and 308. 
Thus, the resultant of an operation performed by the texture 
processor 300 can be input as an operand to the texture 
processor 300, alloWing the texture processor 300 to per 
form multiple texture blends for a fragment. 

[0060] The texture processor 300 also includes bitWise 
logic 310, multiplexer/ accumulator 312, and summation unit 
314. The argument 302 and 304 can be provided to the 
bitWise logic 310, multiplier/accumulator 312, and summa 
tion unit 314. Arguments 306 and 308 can be provided to 
summation unit 314. Thus, in the texture processor 300 
depicted in FIG. 11A cannot utiliZe both bitWise logic 310 
and multiplier/ accumulator 312 in the same cycle. HoWever, 
in another embodiment, the texture processor 300 could be 
capable of using bitWise logic 310 and a multiplier/accu 
mulator 312 in the same cycle. 

[0061] The texture processor 300 also includes a ?rst 
multiplexer 316 to select betWeen an output from the mul 
tiplier/accumulator 312 and an output from the summation 
unit 314, Which can both be used in the same cycle. 
HoWever, as shoWn in FIG. 11A only one of the multiplier/ 
accumulator 312 or the summation unit 314 is used. The 
texture processor 300 also includes a clamp 318 for option 
ally clamping the output selected by the ?rst multiplexer 
316. The texture processor 300 also includes a second 
multiplexer 320 for selecting betWeen the output of bitWise 
logic 310 and the output selected by the ?rst multiplexer 
316. Thus, the multiplexer 320 selects the resultant 322. The 
resultant 322 can be provided to one of the destination 
registers 334. Thus, the texture processor 300 can perform 
any one of the operations provided by the bitWise logic 310, 
the multiplier/accumulator 312, or the summation 314 in a 
cycle. 

[0062] The texture processor 300 can thus perform mul 
tiple operations. Furthermore, the texture processor 300 
performs the operations based on the program instructions 
provided. The texture processor 300 and, therefore, the 
texture unit 150 or 150‘ can be adapted to perform a variety 
of texture blends. This adaptability is provided Without 
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employing a large, complex crossbar. Instead, the registers 
330 are used. Thus, the texture processor 300 and, therefore, 
150 or 150‘ are not greatly increased in siZe. Because 
multiple texture units 154-1 through 154-k and 190-1 and 
190-k are used, the texture units 150 or 150‘ can also process 
multiple fragments in parallel. Thus, each texture processor 
154-1 through 154-k, 190-1 through 190-k, or 300 performs 
multiple operations and outputs a fragment after j cycles, 
Where a fragment takes j cycles to process. HoWever, 
because the texture processors 154-1 through 154-k or 190-1 
through 190-k can processes up to k fragments in parallel, 
the texture unit 150 or 150‘ may still be capable of outputting 
processed fragments each clock cycle. The performance of 
the texture unit 150 or 150‘ and the computer graphics 
system 100 may not suffer While adaptability of the texture 
unit 150 or 150‘ is improved and the siZe of the texture unit 
150 or 150‘ is reduced. 

[0063] A method and system has been disclosed for pro 
viding texture processing using a plurality of texture pro 
cessors controlled by a program. Although the present 
invention has been described in accordance With the 
embodiments shoWn, one of ordinary skill in the art Will 
readily recogniZe that there could be variations to the 
embodiments and those variations Would be Within the spirit 
and scope of the present invention. Accordingly, many 
modi?cations may be made by one of ordinary skill in the art 
Without departing from the spirit and scope of the appended 
claims. 

What is claimed is: 
1. A system for processing textures for a graphical image 

on a display, the graphical image including an object, the 
object including a plurality of fragments, the system com 
prising: 

a memory for storing a portion part of a program for 
processing a plurality of texture portions for the plu 
rality of fragments; and 

a plurality of texture processors coupled With the memory, 
each of the plurality of texture processors for process 
ing a portion of the plurality of texture portions for a 
fragment of the plurality of fragments in accordance 
With the program, the plurality of texture processors 
capable of processing a second portion of the plurality 
of texture portions in parallel. 

2. The system of claim 1 further comprising: 

a distributor coupled to the plurality of texture processors 
for distributing the plurality of texture portions to the 
plurality of texture processors. 

3. The system of claim 2 further comprising: 

an argument decoder for providing the plurality of texture 
portions to the distributor and for performing at least 
one operation on a third portion of the plurality of 
texture portions. 

4. The system of claim 1 Wherein the memory further 
includes a cache. 

5. The system of claim 1 Wherein each of the plurality of 
texture processors further includes: 

bitWise logic, 

a multiplier-adder coupled With the bitWise logic; and 

a summer coupled With the multiplier-adder; and 
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a selection means coupled With the bitWise logic, the 
multiplier-adder, and the summer, for selecting a result 
ant from the bitWise logic, the multiplier-adder, and the 
summer. 

6. The system of claim 1 Wherein the plurality of texture 
portions is provided from at least one texture map. 

7. The system of claim 6 Wherein the display includes a 
plurality of pixels, Wherein the plurality of fragments inter 
sect a portion of the plurality of pixels, Wherein the plurality 
of texture portions are a plurality of texels and Wherein each 
of the plurality of texture processors receive at least one 
texel of the plurality of texels and at least one interpolated 
value as inputs. 

8. A method for processing textures of a graphical image 
on a display, the graphical image including an object, the 
object including a plurality of fragments, the method com 
prising the steps of. 

(a) providing a plurality of texture portions for the plu 
rality of fragments to a plurality of texture processors, 
the plurality texture processors for processing a portion 
of the plurality of texture portions in parallel; and 

(b) processing the plurality of texture portions in the 
plurality of texture processors based on at least one 
program. 

9. The method of claim 8 Wherein the providing step (a) 
further includes the step of: 
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(al) providing the plurality of texture portions from a 
distributor coupled to the plurality of texture proces 
sors. 

10. The method of claim 9 further comprising the step of: 

(c) performing at least one operation on a texture portion 
of the plurality of texture portions prior to providing the 
texture portion to a texture processor of the plurality of 
texture processors. 

11. The method of claim 8 further Wherein the fragment 
includes a program identi?cation, and Wherein the method 
further includes the step of: 

(c) fetching a portion of the program using the program 
identi?cation. 

12. The method of claim 8 Wherein the processing step (b) 
further includes the step of: 

(b1) blending the plurality of texture portions in the 
plurality of texture processors based on the at least one 
program. 

13. The method of claim 12 Wherein the plurality of 
texture portions are a plurality of texels, Wherein each of the 
plurality of texture processors receive at least one texel and 
at least one interpolated value as inputs. 


