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(57) ABSTRACT 

One embodiment of the present invention is directed to a 
method for a computer graphics system comprising com 
pressing a plurality of groups of bits by shifting compressed 
groups of bits into bit positions that are to be removed during 
the compression, the logic being responsive to a mask, 
Wherein contents of the mask de?ne variable amounts that 
the plurality of bits are shifted during the compression. 
Another embodiment is directed to a method for compress 
ing a plurality of groups of bits to eliminate groups of bits 
that are to be unaffected by a computation, performing the 
computation, and thereafter decompressing corresponding 
data after performing the computation to restore data cor 
responding to previously eliminated groups of bits. 
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METHOD FOR COMPRESSING DATA IN A BIT 
STREAM OR BIT PATTERN 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present invention claims the bene?t of US. 
provisional application Ser. No. 60/515,841, ?led Oct. 29, 
2003, and entitled “System And Method For Providing 
Variable Length Compression BetWeen Successive Bit Posi 
tions In A Bit Stream Or Bit Pattern.” This provisional 
application is hereby incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to graphics 
systems, and more particularly to an method for compress 
ing data in a bit stream or bit pattern. 

BACKGROUND 

[0003] As is knoWn, the art and science of three-dimen 
sional (“3-D”) computer graphics concerns the generation, 
or rendering, of tWo-dimensional (“2-D”) images of 3-D 
objects for display or presentation onto a display device or 
monitor, such as a Cathode Ray Tube (CRT) or a Liquid 
Crystal Display (LCD). The object may be a simple geom 
etry primitive such as a point, a line segment, a triangle, or 
a polygon. More complex objects can be rendered onto a 
display device by representing the objects With a series of 
connected planar polygons, such as, for example, by repre 
senting the objects as a series of connected planar triangles. 
All geometry primitives may eventually be described in 
terms of one vertex or a set of vertices, for example, 
coordinate (X, y, Z) that de?nes a point, for example, the 
endpoint of a line segment, or a corner of a polygon. 

[0004] To generate a data set for display as a 2-D projec 
tion representative of a 3-D primitive onto a computer 
monitor or other display device, the vertices of the primitive 
are processed through a series of operations, or processing 
stages in a graphics-rendering pipeline. A generic pipeline is 
merely a series of cascading processing units, or stages, 
Wherein the output from a prior stage serves as the input for 
a subsequent stage. In the context of a graphics processor, 
these stages include, for example, per-vertex operations, 
primitive assembly operations, pixel operations, texture 
assembly operations, rasteriZation operations, and fragment 
operations. 
[0005] In a typical graphics display system, an image 
database (e.g., a command list) may store a description of 
the objects in the scene. The objects are described With a 
number of small polygons, Which cover the surface of the 
object in the same manner that a number of small tiles can 
cover a Wall or other surface. Each polygon is described as 
a list of vertex coordinates (X, Y, Z in “Model” coordinates) 
and some speci?cation of material surface properties (i.e., 
color, texture, shininess, etc.), as Well as possibly the normal 
vectors to the surface at each vertex. For three-dimensional 
objects With complex curved surfaces, the polygons in 
general must be triangles or quadralaterals, and the latter can 
alWays be decomposed into pairs of triangles. 

[0006] A transformation engine transforms the object 
coordinates in response to the angle of vieWing selected by 
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a user from user input. In addition, the user may specify the 
?eld of vieW, the siZe of the image to be produced, and the 
back end of the vieWing volume so as to include or eliminate 
background as desired. 

[0007] Once this vieWing area has been selected, clipping 
logic eliminates the polygons (i.e., triangles) Which are 
outside the vieWing area and “clips” the polygons, Which are 
partly inside and partly outside the vieWing area. These 
clipped polygons Will correspond to the portion of the 
polygon inside the vieWing area With neW edge(s) corre 
sponding to the edge(s) of the vieWing area. The polygon 
vertices are then transmitted to the next stage in coordinates 
corresponding to the vieWing screen (in X, Y coordinates) 
With an associated depth for each vertex (the Z coordinate). 
In a typical system, the lighting model is next applied taking 
into account the light sources. The polygons With their color 
values are then transmitted to a rasteriZer. 

[0008] For each polygon, the rasteriZer determines Which 
pixel positions are covered by the polygon and attempts to 
Write the associated color values and depth (Z value) into 
frame buffer. The rasteriZer compares the depth values (Z) 
for the polygon being processed With the depth value of a 
pixel, Which may already be Written into the frame buffer. If 
the depth value of the neW polygon pixel is smaller, indi 
cating that it is in front of the polygon already Written into 
the frame buffer, then its value Will replace the value in the 
frame buffer because the neW polygon Will obscure the 
polygon previously processed and Written into the frame 
buffer. This process is repeated until all of the polygons have 
been rasteriZed. At that point, a video controller displays the 
contents of a frame buffer on a display a scan line at a time 
in raster order. 

[0009] With this general background provided, reference 
is noW made to FIG. 1, Which shoWs a functional ?oW 
diagram of certain components Within a graphics pipeline in 
a computer graphics system. It Will be appreciated that 
components Within graphics pipelines may vary from sys 
tem, and may also be illustrated in a variety of Ways. As is 
knoWn, a host computer 10 (or a graphics API running on a 
host computer) may generate a command list 12, Which 
comprises a series of graphics commands and data for 
rendering an “environment” on a graphics display. Compo 
nents Within the graphics pipeline may operate on the data 
and commands Within the command list 12 to render a 
screen in a graphics display. 

[0010] In this regard, a parser 14 may retrieve data from 
the command list 12 and “parse” through the data to interpret 
commands and pass data de?ning graphics primitives along 
(or into) the graphics pipeline. In this regard, graphics 
primitives may be de?ned by location data (e.g., x, y, Z, and 
W coordinates) as Well as lighting and texture information. 
All of this information, for each primitive, may be retrieved 
by the parser 14 from the command list 12, and passed to a 
vertex shader 16. As is knoWn, the vertex shader 16 may 
perform various transformations on the graphics data 
received from the command list. In this regard, the data may 
be transformed from World coordinates into Model VieW 
coordinates, into Projection coordinates, and ultimately into 
Screen coordinates. The functional processing performed by 
the vertex shader 16 is knoWn and need not be described 
further herein. Thereafter, the graphics data may be passed 
onto rasteriZer 18, Which operates as summariZed above. 
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[0011] Thereafter, a Z-test 20 is performed on each pixel 
Within the primitive being operated upon. As is known, this 
Z-test is performed by comparing a current Z-value (i.e., a 
Z-value for a given pixel of the current primitive) in com 
parison With a stored Z-value for the corresponding pixel 
location. The stored Z-value provides the depth value for a 
previously-rendered primitive for a given pixel location. If 
the current Z-value indicates a depth that is closer to the 
vieWer’s eye than the stored Z-value, then the current Z-value 
Will replace the stored Z-value and the current graphic 
information (i.e., color) Will replace the color information in 
the corresponding frame buffer pixel location (as determined 
by the pixel shader 22). If the current Z-value is not closer 
to the current vieWpoint than the stored Z-value, then neither 
the frame buffer nor Z-buffer contents need to be replaced, as 
a previously rendered pixel Will be deemed to be in front of 
the current pixel. 

[0012] Again, for pixels Within primitives that are ren 
dered and determined to be closer to the vieWpoint than 
previously-stored pixels, information relating to the primi 
tive is passed on to the pixel shader 22 Which determines 
color information for each of the pixels Within the primitive 
that are determined to be closer to the current vieWpoint. 
Once color information is computed by the pixel shader 22, 
the information is stored Within the frame buffer 24. 

[0013] Although the foregoing has only brie?y summa 
riZed the operation of the various processing components, 
persons skilled in the art recogniZe that the processing on 
graphics data is quite intense. Consequently, it is desired to 
improve processing efficiency Wherever possible. 

SUMMARY OF THE INVENTION 

[0014] Certain objects, advantages and novel features of 
the invention Will be set forth in part in the description that 
folloWs and in part Will become apparent to those skilled in 
the art upon examination of the folloWing or may be learned 
With the practice of the invention. The objects and advan 
tages of the invention may be realiZed and obtained by 
means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 

[0015] One embodiment of the present invention is 
directed to a method for a computer graphics system com 
prising compressing a plurality of groups of bits by shifting 
compressed groups of bits into bit positions that are to be 
removed during the compression, the logic being responsive 
to a mask, Wherein contents of the mask de?ne variable 
amounts that the plurality of bits are shifted during the 
compression. 

[0016] Another embodiment is directed to a method for 
compressing a plurality of groups of bits to eliminate groups 
of bits that are to be unaffected by a computation, perform 
ing the computation, and thereafter decompressing corre 
sponding data after performing the computation to restore 
data corresponding to previously eliminated groups of bits. 

[0017] Other embodiments and variations of the invention 
Will be discribed in the detailed description that folloWs. 

DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying draWings incorporated in and 
forming a part of the speci?cation illustrate several aspects 
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of the present invention, and together With the description 
serve to explain the principles of the invention. In the 
draWings: 

[0019] FIG. 1 is a block diagram of a conventional 
graphics pipeline, as is knoWn in the prior art. 

[0020] FIG. 2 is a block diagram illustrating certain 
elements of a graphics component constructed in accordance 
With one embodiment of the invention. 

[0021] FIG. 3 is a block diagram illustrating elements of 
an embodiment of the invention, as embodied in compo 
nents Within a graphics pipeline. 

[0022] FIG. 4 is a block diagram illustrating a graphics 
pipeline having elements that are constructed in accordance 
With an embodiment of the invention. 

[0023] FIG. 5 is a block diagram illustrating portions of a 
graphic system constructed in accordance With another 
embodiment of the present invention. See changes on FIG. 
5. 

[0024] FIGS. 6A-6F illustrate steps of one embodiment 
for generating a mask that may be used in embodiments in 
the present invention. 

[0025] FIG. 7 is a block diagram illustrating components 
of a graphic system for compressing data, in accordance 
With an embodiment of the present invention. 

[0026] FIG. 8 is a block diagram illustrating components 
of a system for compressing data in accordance With another 
embodiment of the present invention. 

[0027] FIG. 9 is a diagram illustrating one embodiment of 
a logic component for compressing signals, bits, or positions 
Within a data stream, in accordance With an embodiment of 
the present invention. 

[0028] FIG. 10 is a block diagram illustrating a mecha 
nism for generating select signal lines for the multiplexers 
shoWn in FIG. 9, in accordance With an embodiment of the 
present invention. 

[0029] FIG. 11 is a block diagram illustrating the creation 
of a data stream having compressed data, in accordance With 
one embodiment of the present invention. 

[0030] FIGS. 12A and 12B are diagrams similar to FIGS. 
10 and 9, respectively, illustrating the operation of the logic 
elements of those ?gures With a hypothetical example. 

[0031] FIG. 13 is a block diagram illustrating certain 
components of an embodiment of the present invention, 
Which operate to compress and decompress data. 

[0032] FIG. 14 is a block diagram similar to FIG. 9, but 
illustrating logic for performing a decompression operation, 
in accordance With an embodiment of the invention. 

DETAILED DESCRIPTION 

[0033] Having summariZed various aspects of the present 
invention, reference Will noW be made in detail to the 
description of the invention as illustrated in the draWings. 
While the invention Will be described in connection With 
these draWings, there is no intent to limit it to the embodi 
mentor embodiments disclosed therein. On the contrary, the 
intent is to cover all alternatives, modi?cations and equiva 
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lents included within the spirit and scope of the invention as 
de?ned by the appended claims. 

[0034] It is noted that the drawings presented herein have 
been provided to illustrate certain features and aspects of 
embodiments of the invention. It will be appreciated from 
the description provided herein that a variety of alternative 
embodiments and implementations may be realiZed, consis 
tent with the scope and spirit of the present invention. 

[0035] As summariZed above, the present application is 
directed to embodiments of systems for providing variable 
length compression between successive bit positions (or 
groups of bits) in a bit stream or a bit pattern. One embodi 
ment of the invention includes logic elements referred to as 
packers and unpackers, incorporated in hardware for com 
puter graphic systems. It should be appreciated that the 
invention, however, is not limited to this embodiment or 
environment. Implementations of embodiments of the 
invention include one or more logic elements for compress 
ing data (sometimes referred to as a packer) and one or more 
logic elements for decompressing previously compressed 
data (sometimes referred to as unpacker). 

[0036] As will be described further herein, there are sev 
eral locations in a graphics system where features or aspects 
of the invention may be implemented. Likewise, it will be 
appreciated from the description herein that there are sys 
tems and environments in ?elds other than computer graph 
ics where the concepts of the invention may be employed as 
well. 

[0037] The bit compression, or pixel-packing, feature of 
one embodiment may be implemented prior to performing a 
pixel-shading operation. As the name implies, and as is 
known, pixel shading operations are performed on a per 
pixel basis. However, for a variety of reasons, many pixels 
of a given primitive may not require the pixel shading 
operation. For example, pixels of a primitive that are cov 
ered by other primitives (e.g., as determined by a Z test) 
need not have the pixel shading operation performed on 
them. Such pixels may be identi?ed and removed from the 
bit sequence, before being sent to the pixel shader. In this 
regard, a bit sequence may be compressed such that only 
pixels to be operated upon are sent to the pixel shader. 

[0038] Reference is made brie?y to FIG. 2, which illus 
trates certain basic components of an embodiment of the 
invention. FIG. 2 includes a component labeled “graphics 
component”110, which may designate or represent hardware 
components in a graphics pipeline. Within this component, 
logic 112 may be provided for providing variable-length 
compression of a bit sequence (e.g., bit packing). Likewise, 
companion logic 114 may be provided for decompression 
(or unpacking) the bit sequence after processing. This 
embodiment of the invention may be implemented in sys 
tems that provide programmable processing for certain 
functions, referred as GPU (Graphic Processing Units), such 
as the pixel shading, rather than using dedicated hardware 
for performing this function. In such a system, the elimina 
tion of pixels that do not need to be processed, through the 
pixel packing process described herein, greatly improves the 
ef?ciency of the programmable GPU processor. 

[0039] Reference is made brie?y to FIG. 3, which illus 
trates (generically) certain components of a graphics pipe 
line, which may implement features of embodiments of the 
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invention. As illustrated, a host computer provides input to 
a graphics pipeline in the form of primitive and geometry 
data. This information and communication is well known, 
and need not be described herein. As is further known, the 
graphics pipeline includes a series of functional and/or 
logical components that perform processing tasks on the 
graphics information that is communicated from the host 
computer. These components are illustrated in FIG. 3 as 
component 1120, component 2130, . . . component N 140. 

These components may take on a variety of different forms, 
which may vary widely from implementation to implemen 
tation, as graphics hardware is known to have widely 
differing implementations. Generalizing, however, the front 
end of the processor (component 1120) typically receives 
primitive geometry information and performs certain geom 
etry or vertex-based operations. These type of operations 
include transformations, lighting, triangle set-up, etc.. In 
some embodiments, the front end of the graphics pipeline 
may also include logic for performing a tessellation opera 
tion, which breaks up primitives into smaller primitives or 
triangles. After the graphics pipeline front-end operations, 
further processing such as span and tile generation (triangle 
rasteriZation), Z-test, pixel shading, alpha test/alpha blend, 
etc. may be performed. These operations are well known by 
persons skilled in the art, and therefore need not be 
described herein. 

[0040] An embodiment of the present invention includes 
logic 132 for packing that performs a packing operation on 
a bit sequence in internal components of the graphics 
pipeline. In one embodiment, the packing operation is 
usefully employed on pixel, rather than vertex, operations. 
Furthermore, the logic for packing may be implemented in 
more than one internal component. For example, in one 
embodiment, the packing logic 132 may be provided before 
performing a pixel shading operation. Likewise, the packing 
function may also be employed in a Z compressor (which 
generates compressed Z information). 
[0041] Logic for unpacking 142 may also be provided 
downstream of the packing logic 132. The unpacking opera 
tion is the substantial inverse of the packing operation, and 
is preferably implemented using a similar, companion logic 
structure and method as the packing operation. Indeed, the 
same mask used in the packing operation is used in the 
unpacking operation. Therefore, a description of the struc 
ture and operation of logic that performs the packing opera 
tion is suf?cient to enable one skilled in the art to likewise 
implement an unpacking operation. 

[0042] FIG. 4 illustrates certain of these components in 
one embodiment of a graphics pipeline implementing pack 
ing and unpacking functions. 

[0043] More speci?cally, FIG. 4 illustrates an embodi 
ment of the present invention in which a graphics pipeline, 
employing many conventional components, embodies cer 
tain inventive features. For example, the command parser 
162, vertex and geometry shader 164, triangle setup 166, and 
the span/tile generation 168 are well-known operations, and 
need not be described herein. Also known is a Z-range test 
170, in which a Z-test is performed on compressed Z-data. 
Compressed Z-tests performed in this way may improve 
ef?ciency by trivially accepting or trivially rejecting certain 
primitives (or alternatively ranges of pixels) based upon 
compressed Z-information. A similar, per-pixel, test may be 
performed by the pixel Z-test block 180. 
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[0044] A Z-cache 172 may be coupled to both blocks and 
provide a high speed memory access for Z-data (e.g., higher 
speed retrieval and access than from the Z-buffer memory). 
A Z-compressor 174 may also be provided. As is known, Z 
(or depth) data may be compressed for evaluation and 
ef?ciency enhancements. In one embodiment of the inven 
tion, hoWever, the mechanism for compressing Z-informa 
tion may embody elements for packing 176 and unpacking 
178 Z-data. In this regard, and as Will be described in more 
detail beloW, a pixel mask (generated using depth informa 
tion) may be utiliZed to de?ne variable shift lengths, Which 
cause bits or data in a data stream to be shifted so as to 
overWrite data preceding the data being shifted. Prior to 
performing this compression/shift operation, a determina 
tion may be made as to pixel data that is not to be affected 
by a computation (such as the Z-range test). 

[0045] As is knoWn, there are various Ways to compress 
Z-data. One straightforWard approach is, for a given tile (a 
4x4 pixel tile, 8x8 tile, or other siZe tile) to save only the 
minimum and maximum Z-values for that tile. In such a 
situation, a 16-pixel tile Would be compressed from sixteen 
doWn to tWo Z-values (the minimum and the maximum). The 
Z-compressor 174 may generate a pixel mask of this 4><4 tile 
by allocating a single bit to each tile position and recording 
a one in the bit for a given tile position if that pixel is either 
a minimum or maximum Z-value for that tile. Zeros Would 
be recorded in all remaining bit positions. The logic for 
packing 176 may then left-shift the pixel information asso 
ciated With the pixel positions having mask values of one, 
While removing all other pixel information. Only this com 
pressed information, in one embodiment, is sent to the block 
170 for performing the Z-range test. Eliminating data that 
Would not be impacted by the calculation of the Z-range test 
reduces the computations performed by that logic block, and 
therefore improves its calculation efficiency. 

[0046] The graphics pipeline of FIG. 4 also illustrates 
logic for performing a pixel packing operation 182, a pixel 
shader 184, a block for performing an alpha test 186, and 
logic for performing a pixel unpacking operation 188. The 
pixel shader 184 and alpha test 186 blocks perform functions 
that are knoWn in the art, and need not be described herein. 
As the name implies, the pixel shader 184 performs shading 
operations on a per-pixel basis. For a given graphic primitive 
that is being operated upon, or for a given tile in tile-based 
operations, often a number of the pixels Will ultimately not 
be visible to a user (based on depth information, obstruction 
by other objects betWeen the current pixel and the vieW 
point, etc.). For all such pixels, the pixel shading and alpha 
test operations need not be performed. Therefore, it may be 
desired to compress the pixel information so that only 
information or data to be impacted by the computations 
performed by the pixel shader and/or alpha test operations 
are passed through the pipeline to those logic blocks. 

[0047] The logic for pixel packing 182 may perform a 
compression on the pixel data passed to it from above in the 
graphics pipeline. The logic for pixel packing 182 may 
operate similar to the logic for packing 176, Which Was 
summariZed above in connection With the Z-compressor 174. 
As Will be described in more detail beloW, a mask (such as 
a pixel mask) may be formed, based upon depth information, 
and used to control compression of the data. Speci?cally, 
data that is to be used or impacted in performing pixel shader 
and alpha test operations is compressed, While data not to be 
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affected by those operations or computations is removed 
from the bit stream before it is passed through the pipeline 
to the pixel shader 184 and alpha test 186 logic blocks. 
Ultimately, this removed data is restored by the logic for 
pixel unpacking 188. 

[0048] Referring brie?y to FIG. 5, a portion of the com 
ponents illustrated in FIG. 4 is illustrated. Further, in FIG. 
5, the embodiment is illustrated in a graphics pipeline having 
a shared multi-threaded parallel processor that is available 
for performing centraliZed processing operations for several 
of the logic components Within the graphics pipeline. In this 
embodiment, rather than each component or logic block in 
the graphics pipeline being performed by dedicated hard 
Ware, certain processing functions may be communicated to 
a centraliZed and shared programmable processing resource 
210 for execution. In one embodiment, the processing unit 
may be implemented as a multi-threaded processor 210. 
Such a processor may include scheduling logic for managing 
tasks that are communicated to it for processing. As is 
described further herein, the logic packing 282 may be 
controlled by a suitable mask 224 (such as a pixel mask), 
Which may identify the bit (pixel) locations or positions that 
should be preserved, as Well as those that may be discarded 
in the compression or packing operation. This mask 224 may 
be stored in a storage region 220 that is centrally accessible, 
as it may be used by the logic for unpacking, so that the 
original bit sequence may be restored. 

[0049] From an operational or functional standpoint, the 
elements illustrated in FIG. 5 perform similar to the corre 
sponding elements of FIG. 4. HoWever, since the graphic 
system of FIG. 5 includes a shared multi-threader processor 
210, some of the operations that are performed in the 
individual logic blocks may be centrally performed by the 
processor 210. In such an embodiment, the internal structure 
of the various logic blocks may differ slightly, even though 
the functional aspect is the same (as that of FIG. 4). 

[0050] As described in FIG. 4, pixel masks may be used 
by the packers and unpackers (i.e., compressors and decom 
pressors) for the data. FIG. 5 illustrates tWo such masks 222 
and 224, Which may be stored, along With other data, in a 
tile-based storage area 220. Of course, the contents of a pixel 
mask 222, for a given tile, for the Z-compressor may be 
different than the content of the pixel mask 224 of the 
corresponding tile for the pixel packer. Therefore, these 
masks have been separately illustrated in FIG. 5. 

[0051] It should be appreciated that, in systems such as 
that illustrated in FIG. 5, the bene?ts of the compression 
performed in embodiments of the invention are signi?cant. 
That is, in an embodiment utiliZing shared resources of a 
multi-threaded processor 210, overall system ef?ciency is 
signi?cantly enhanced if the ef?ciency of the multi-threaded 
processor is enhanced. Without implementing the compres 
sion of an embodiment of the invention, the pixel shader 284 
may otherWise send data for all pixels to be processed by the 
processor 210. For pixels that are not to be visible on the 
display, any processing performed on such pixels in the pixel 
shading operation is effectively Wasted processing. The 
utiliZation of a shared resource, such as the processor 210, 
in performing this operation, prevents the processor from 
processing other requests or performing tasks for other 
elements Within the pipeline. Therefore, the compression 
performed by the logic for pixel packing 282 provides 
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signi?cant performance improvements of the processor 210, 
as it operates in the system as a Whole. 

[0052] Reference is noW made to FIG. 6, Which illustrates 
the generation of a mask of a type that may be utilized in 
embodiments of the present invention, described hereinafter. 
It should be appreciated that the illustration of FIGS. 6A-6F 
are signi?cantly simpli?ed to facilitate the illustration of 
certain aspects of embodiments of the invention. HoWever, 
the simpli?ed illustration provided herein is suf?cient for 
persons skilled in the art to implement more complex and 
realistic examples. 

[0053] Referring ?rst to FIG. 6A, a triangle primitive 320 
is shoWn Within the boundaries of a display 310. As is Well 
knoWn, a computer graphics display Will typically render 
thousands, and often hundreds of thousands, of primitives in 
a single graphics display. Primitives are frequently broken 
doWn to triangle primitives, such as triangle 320. As is 
knoWn, early (front end) components in a graphics pipeline 
perform certain setup and vertex-based operations on the 
primitives. Span and tiled generation components Will break 
a primitive up into scan lines 322 (FIG. 6B) and tiles de?ned 
by vertical lines 324 crossing the span lines 322 (FIG. 6C). 
Squares on the tile are often grouped into tiles of 2x2, 4x4, 
8x8, or other siZed dimensions. FIG. 6D illustrates a tile 326 
having a dimension of 4x4 pixels. The alignment of tile 326 
is arbitrarily illustrated With reference to the triangle primi 
tive 320. The portions of the triangle primitive 320 that fall 
outside the 4x4 tile are discarded, and FIG. 6E illustrates the 
tile 326 and the overlapping portion of the triangle primitive 
320, shoWn in crosshatch 328. Each pixel may there after be 
represented by a one or a Zero (single bit) to indicate Whether 
the primitive 320 occupies a predominate portion of a given 
pixel or not. In this regard, it is observed (from FIG. 6D) 
that ?ve of the pixels of the tile 326 are completely covered 
by the primitive. 320. These are the four pixels of the bottom 
right hand corner of tile 326 and the pixel above the four. 
LikeWise, the four pixels along the left vertical edge of tile 
326 are not covered at all by the primitive 320. The 
remaining pixels have some portion that are covered by the 
primitive 320. Mechanisms to minimiZe aliasing or provide 
blending of primitives Whose boundaries fall across pixels 
are Well knoWn and need not be described herein. From a 
relatively straightforWard standpoint, a pixel mask 330 (see 
FIG. 6F) may be created by placing a one (single bit) in the 
pixel locations in Which a majority of the pixel is covered by 
the primitive 320. The result may be a pixel mask having 
content such as that illustrated in FIG. 6F. 

[0054] While the foregoing presents one method for gen 
erating a pixel mask, more complex methods may be (and 
Will likely be) implemented as Well. For example, depth 
information of other primitives that may fully or partially 
overly a current primitive may be taken into consideration as 
Well. It Will be appreciated, hoWever, the present invention 
is not limited to any particular method or methods for 
generating a pixel mask, but that a variety of methods, 
consistent With the scope and spirit of the present invention 
may be implemented. In this regard, embodiments of the 
invention that call for the generation of a pixel mask (or 
other mask) contemplate a Wide variety of methods for 
generating such masks. 

[0055] Having set forth the foregoing, reference is noW 
made to FIG. 7, Which is a block diagram illustrating one 
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embodiment of the present invention. Speci?cally, FIG. 7 
illustrates a portion 350 of a graphic system for compressing 
pixel data for subsequent operations by elements Within a 
graphics pipeline or graphic system. As previously illus 
trated, graphics information is passed into a graphics pipe 
line from a host. Certain setup and vertex operations may be 
performed, but graphics data is ultimately stored in a 
memory. After span and tile operations have been per 
formed, such a memory may hold graphics data or content 
for a plurality of tiles of pixels. FIG. 7 illustrates a memory 
352 having pixel data or content for a given tile n. Of course, 
the memory 352 may include data for other tiles as Well. 
Logic 354 is provided for compressing the content of the 
graphics data for subsequent operations or computations by 
other components in the graphic system. The compression 
logic utiliZes a mask for performing the compression. In this 
regard, the mask identi?es pixel locations having data that is 
not to be affected by a subsequent operation or computation, 
and therefore may be removed during the compression 
operation. In the preferred embodiment, the mask is a pixel 
mask. 

[0056] As further illustrated in FIG. 7, a pixel mask 356 
is provided for tile n, Which is to be compressed. In one 
embodiment, the logic for compressing 354 generates an 
output 358 containing the compressed pixel data or content 
for tile n. In an alternative embodiment, the output of the 
logic for compressing 354 may simply be an identi?cation of 
memory locations Within the memory 352 of the data that is 
to be operated upon (effectively decompressed data). The 
processor or other operational element Within the graphic 
system that is to perform an operation upon the compressed 
data may retrieve the data from the memory 352, if appro 
priate. 

[0057] In one embodiment, the elements of FIG. 7 may be 
replicated to perform compression of multiple tiles of pixel 
data. In another embodiment, the elements illustrated in 
FIG. 7 may be scalable so as to store and manage the 
compression of multiple tiles of pixel data. 

[0058] Reference is noW made to FIG. 8, Which is a block 
diagram of an alternative embodiment of the present inven 
tion. In this embodiment, a mask (such as a pixel mask) is 
used by a controller 362 to control the operation of a packer 
364. The packer 364 performs a variable-length compres 
sion operation on unpacked pixel data 366 that is provided 
to input the packer (or otherWise associated With the signals 
provided to the input). The output of the packer 368 com 
prises compressed or packed pixel data (or signals associate 
With the compressed or packed data). Consistent With the 
scope and spirit of the present invention, there are a variety 
of methods and architectures that may be implemented 
Within the components of FIG. 8. FIGS. 9-11 beloW illus 
trate one exemplary embodiment. HoWever, it should be 
understood, except as expressly recited in the appended 
claims, the present invention should not be construed as 
limited to the embodiment illustrated in the folloWing ?g 
ures. 

[0059] Reference is noW made to FIG. 9, Which is a 
diagram that illustrates one potential implementation for 
logic that performs a compression of data in accordance With 
an embodiment of the invention. The logic 400 of FIG. 9 
may be used to implement the packer 364 of the embodiment 
of FIG. 8, as Well as that logic for compressing 354 of the 












