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PRIMITIVE CULLING APPARATUS AND
METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATIONS

This patent application 1s related to United States patent
application Ser. No. 10/715,882 filed on even date, entitled,
“METHOD AND APPARATUS FOR PROCESSING
PRIMITIVE DATA FOR POTENTIAL DISPLAY ON A
DISPLAY DEVICE,” and naming Stephen Molffitt and Eng
Lin Goh as inventors, the disclosure of which 1s incorporated
Herein, 1n its entirety, by reference.

FIELD OF THE INVENTION

The invention generally relates to graphics processing and,
more particularly, the invention relates to processing graphics
primitives for potential display on a display device.

BACKGROUND OF THE INVENTION

Many computer systems have a specialized graphics sub-
system for producing vivid graphical images. At the core of
these subsystems typically 1s a graphics processor that pro-
cesses graphics data in a highly streamlined manner. In sim-
plified terms, the graphics processor converts substantially
unprocessed graphics data into a format that can be displayed
on a conventional display device (e.g., a cathode ray tube
display or a liquid crystal display).

Undesirably, graphics subsystems often process large
amounts of graphical data for portions of objects that are not
going to be displayed. For example, 3D graphics subsystems
implementing OPENGL typically produce graphical data
(e.g., attribute data, such as normal and texture data) for most
primitives 1n an image—even for those primitives that are too
small to light any pixels on the display device. Graphics
processors 1n those subsystems nevertheless typically at least
begin rasterizing such primitives before determiming that they
are too small to render.

Making that determination that late in the rendering pro-
cess (1.e., during rasterization) can create processing ineifi-
ciencies. For example, before determining that the primitive
1s too small, the graphics processor may have performed
geometry processes, calculated gradient information, and
determined color information for the portion of the primitive
between the vertices. Of course, calculating all that data 1s
unnecessary 1f the primitive 1s too small to render. As a result,
processing time 1s longer than necessary, consequently inhib-
iting system performance.

SUMMARY OF THE INVENTION

In accordance with one aspect of the mvention, a method
and apparatus for processing a primitive for potential display
on a display device (having a plurality of pixels) determines 1f
the primitive intersects at least a predetermined number of
pixel fragments on the display device. The predetermined
number 1s no less than one. The method and apparatus then
cull the primitive as a function of whether the primitive inter-
sects at least the predetermined number of pixel fragments. If
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2

it 1s culled, the primitive 1s not raster processed (1.e., not
subjected to raster processing, whether or not complete).

In some embodiments, a graphics processor has 1) a raster
stage capable of raster processing the primitive and 2) a
geometry stage capable of forwarding primitive attribute data
to the raster stage for raster processing. In such cases, the
apparatus and method may determine 11 the primitive inter-
sects at least the predetermined number of pixel fragments on
the display device before forwarding primitive attribute data

from the geometry stage to the raster stage.

Those skilled 1n the art understand that a 2D image 1s
generated from pixel fragments stored 1n a frame butfer.

Other embodiments do not cull the primitive 11 the primi-
tive 1s determined to intersect at least the predetermined num-
ber of pixel fragments on the display device. Conversely,
some embodiments cull the primitive 11 the primitive 1s deter-
mined to not intersect at least the predetermined number of
pixel fragments on the display device.

A number of methods may be used to determine 1t the
primitive intersects at least one pixel fragment on the display
device. For example, a bounding box may be formed based
upon potential data of the primitive. It then may be deter-
mined 1f the bounding box bounds more than a prespecified
number of pixel fragments. If the bounding box does not
bound more than the prespecified number of pixel fragments,
then an equation defining the position of the primitive may be
used to determine if the primitive intersects at least one pixel
fragment. Moreover, the primitive may be culled 1f no pixel
fragments are bounded by the bounding box.

In accordance with another aspect of the invention, an
apparatus for processing a primitive for potential display on a
display device having a plurality of pixels includes 1) a geom-
etry stage capable of performing geometry operations on the
primitive, and 2) a raster stage operatively coupled with the
geometry stage. The geometry stage 1s capable of determin-
ing 1f the primitive intersects at least a predetermined number
of pixel fragments on the display device. In addition, the
geometry stage 1s configured to cull the primitive as a func-
tion of whether the primitive intersects at least the predeter-
mined number of pixel fragments on the display device. The
rater stage 1s capable of raster processing the primitive if the
geometry stage does not cull the primitive.

Ilustrative embodiments of the invention are implemented
as a computer program product having a computer usable
medium with computer reachable program code thereon. The
computer readable code may be read and utilized by a com-
puter system 1n accordance with conventional processes.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and advantages of the mmvention will be
appreciated more fully from the following further description
thereof with reference to the accompanying drawings
wherein:

FIG. 1 schematically shows a portion of a computer system
that may implement illustrative embodiments of the inven-
tion.

FIG. 2 schematically shows a geometry stage that may be
configured to implement illustrative embodiments of the
invention.

FIG. 3 shows a process used by the computer system shown
in FI1G. 1 for potentially culling a primitive in accordance with
illustrative embodiments of the invention.

FIG. 4A schematically shows an exemplary primitive that
intersects no pixel fragments and has an associated bounding
box that also intersects no pixel fragments.
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FIG. 4B schematically shows an exemplary primitive that
intersects no pixel fragments, but has an associated bounding

box that intersects two pixel fragments.

FI1G. 4C schematically shows an exemplary primitive that
intersects three pixel fragments and has a bounding box that
intersects four pixel fragments.

FIG. 4D schematically shows an exemplary primitive that
intersects one pixel fragment and has an associated bounding
box that also intersects that same pixel fragment.

DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

[lustrative embodiments avoid unnecessary processing by
configuring the geometry stage of a graphics processor to
prevent further processing of primitives that are too small to
be rendered on a display device. To that end, the geometry
stage first determines 11 a given primitive intersects at least a
predetermined number of pixel fragments (e.g., one pixel
fragment) on the display device. I 1t does (and the given
primitive 1s not culled by other culling operations), then the
geometry stage permits the given primitive to be further pro-
cessed by succeeding graphics processor stages, such as the
rasterization stage.

Conversely, 1 the geometry stage determines that the given
primitive does not intersect the predetermined number of
pixel fragments, then various embodiments stop processing,
the primitive. In that case, rather than continuing to process
the given primitive, the geometry stage may begin processing,
the next succeeding primitive of the graphical object. Details
of illustrative embodiments are discussed below.

FI1G. 1 schematically shows portions of a computer system
10 on which various embodiments of the mvention may be
implemented. In particular, the computer system 10 has a host
thread 12 for generating vertex primitive data (e.g., attribute
and positional data for any conventional graphics primitive
type known 1n the art, such as triangles, lines, and points) for
images to be displayed, and an optional bufler 14 for storing
the primitive data generated by the host thread 12. In illustra-
tive embodiments, the butter 14 1s formed 1n system memory
within the general computer system 10. An interconnect
apparatus, such as a PCI bus 16, provides a communication
link between the various computer system components. In
some embodiments, the buifer 14 1s omitted and thus, the host
thread 12 explicitly forwards vertex primitive data without
buifering.

The computer system 10 also has 3D graphics subsystem
18 implementing the OPENGL standard, which was 1nitially
developed by Silicon Graphics, Inc. of Mountain View, Calif.
It should be noted that discussion of such a computer system
10 and graphics subsystem 18 1s exemplary and thus, 1s not
intended to limit all embodiments of the mvention. Accord-
ingly, various embodiments of the invention can be applied to
other graphics processing types and standards (e.g.,
DIRECT3D and 2D graphics subsystems).

As shown 1n FIG. 1, the graphics subsystem 18 has a
number of components for producing and displaying 3D
graphical objects. Specifically, the graphics subsystem 18
may include a graphics processor 20 for transtforming and
rasterizing the primitive data generated by the host thread 12
into a format that can be displayed on a display device 22. In
simplified terms, the graphics processor 20, which may be
implemented 1n either hardware or software, includes a series
of stages for converting a mathematical representation of a
3D objectinto a corresponding 2D 1image that can be rendered
on the display device 22. To those ends, the graphics proces-
sor 20 1includes the following components:
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1) a command buifer 23 (e.g., memory configured 1n a
first-1n, first-out manner) that bufilers input commands
from the host thread 12 (effectively acting as an input to
the graphics processor 20) for load balancing purposes,

2) a command processor 24 acting as the graphics proces-
sor input for recerving and pre-processing graphics com-
mands,

3) ageometry stage 26 for performing geometry operations
(e.g., transformation and lighting processes) on primi-
tive data produced by the host thread 12,

4) a rasterization stage 28 for rasterizing primitives trans-
formed by the geometry stage 26, and

5) a frame butter 30 for storing processed graphical images
1in screen space for display on the display device 22.

Those skilled 1n the art should understand that the descrip-
tions following the noted components are generalizations of
their Tunction. Accordingly, 1n addition to the process dis-
cussed below withregard to FI1G. 3, each of the noted graphics
processor stages may perform other functions known 1n the
art (e.g., texturing).

As noted above, the graphics processor 20 may be 1mple-
mented 1n either hardware, software, or a combination of
hardware and software. When implemented as software, each
stage preferably 1s made up of a series of computer instruc-
tions that executes across one or more high speed parallel
processors. When implemented as hardware, however, each
stage 1llustratively may be a specially designed application
specific integrated circuit that performs the required func-
tions.

FIG. 2 schematically shows more details of the geometry
stage 26 shown 1n FIG. 1. Among other things, the geometry
stage 26 has a primitive pre-processor 32 for determining 1f a
vertex will be visible 1n an 1mage to be displayed on the
display device 22, and a receiving module 34 for selectively
causing primitive attribute data to be forwarded to/recerved
by the graphics processor input. The geometry stage 26 also
has an attribute processor 36 that performs general geometry
stage processes (e.g., lighting and texture coordinate process-
ing). A command interface 38 enables the geometry stage 26
to communicate with the command processor 24, while a
raster interface 40 enables the geometry stage 26 to commu-
nicate with the rasterization stage 28.

FIG. 2 also shows more details of the primitive preproces-
sor 32. In particular, the primitive preprocessor 32 has a
primitive coordinate processor 42 that transforms 3D coordi-
nate data into screen space, a primitive assembler 44 for
assembling primitives from their positional vertex data, and a
visibility processor 46 for determining 1f assembled primi-
tives will be visible 1n an 1mage to be rendered. Moreover, to
tacilitate processing, the visibility processor 46 has a bound-
ing box module 48 for logically forming bounding boxes
about primitives to be rendered.

FIG. 3 shows a process used by the computer system 10 for
potentially culling a primitive 1n accordance with 1llustrative
embodiments of the ivention. Generally, a primitive 1s con-
sidered to be culled 11 at any stage of the graphics processor
pipeline, 1t 1s not forwarded to the next stage for further
processing. For example, a given primitive 1s considered to be
culled when the geometry stage 26 first determines that such
primitive will not be visible and, consequently, begins pro-
cessing another primitive. In that case, the geometry stage 26
does not forward data of the given primitive to the next stages.

Of course, as known 1n the art, a primitive also can be
culled by means of other culling processes, such as backiace
culling or occlusion culling processes. In 1llustrative embodi-
ments, the system executes culling operations that are less
computationally intensive (e.g., back-face culling) before
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executing the culling process discussed 1n FIG. 3. In a stmilar
manner, such embodiments execute culling operations that
are more computationally intensive (e.g., occlusion culling)
alter executing that culling process. It should be noted, how-
ever, that other embodiments are not limited to any specific
order for performing culling operations.

The process of FIG. 3 begins at step 300, in which the
bounding box module 48 forms a conventional bounding box
about the primitive. Accordingly, as known by those 1n the art,
the minimum and maximum X-coordinates of the primitive
define the width of the bounding box. In a similar manner, the
mimmum and maximum Y-coordinates define the height of
the bounding box. FIGS. 4A-4D schematically show exem-
plary bounding boxes for different triangle primitives.

Of course, before forming the bounding box, the primitive
coordinate processor 42 and primitive assembler 44 cooper-
ate to assemble the primitive 1 a conventional manner.
Among other ways, the positional data (and subsequently, the
attribute data, if necessary) may be explicitly forwarded from
the host thread 12, or from the buffer 14 by pointer. For
additional details relating to forwarding vertex data, see the
above noted co-incorporated patent application naming
Stephen Moflitt and Eng LLim Goh as co-inventors.

After recerving the positional data, the primitive coordi-
nate processor 42 performs conventional transformation pro-
cesses and forwards 1ts resultant data to the primitive assem-
bler 44. The primitive assembler 44 then uses that resultant
data to logically assemble the primitive. Of course, because 1t
merely 1s logically assembled, the primitive 1s not rasterized
or rendered at this point. As known by those 1n the art, when
assembling a primitive, the primitive assembler 44 deter-
mines which vertices make up the primitive. Among other
things, assembly of the primitive at this point 1n the process
permits the graphics processor 20 to use the positional data to
determine 1 the primitive ultimately will be visible on the
display device 22 (as discussed below).

The visibility processor 46 then determines 1f the bounding,
box intersects (1.¢., bounds) any pixel fragments (step 302). In
other words, the visibility processor 46 determines if any
pixel fragments are within or on the boundary of the bounding,
box. It should be noted that the term “pixel fragment™ has a
well known meaning in the art. Specifically, a pixel fragment
1s a sample point logically located on a pixel. There can be one
sample point or a plurality of sample points on a single pixel.
For example, anti-aliasing processes (also known as “multi-
sampling” processes) typically sample a pixel multiple times.
Systems that do not multisample a pixel generally are con-
sidered to sample each pixel once (e.g., at the pixel center).

Accordingly, 11 1t 1s determined at step 302 that the bound-
ing box does not mtersect any pixel fragments (e.g., see FIG.
4A), then the primitive can be trivially rejected. More spe-
cifically, 1f the bounding box intersects no pixel fragments,
then the process continues to step 304, 1n which the attribute
data 1s effectively discarded, thus ending the process.

Among other ways, the primitive preprocessor 32 may
allirmatively discard the vertex attribute data by forwarding a
message to the host thread 12 indicating that the attribute data
for that vertex 1s not needed. In illustrative embodiments,
however, the primitive pre-processor 32 effectively discards
the vertex attribute data simply by not forwarding the dis-
carded primitive to the rasterization stage 28. Instead, the
primitive preprocessor 32 simply begins processing another
primitive.

At this point in the process, 1t should be pointed out that as
the number of pixel fragments 1n the bounding box increases,
the likelihood that its corresponding primitive intersects at
least one pixel fragment also increases. Accordingly, if there
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are more than a prespecified number of pixel fragments 1n a
bounding box, then various embodiments skip further culling
processes. The implementation dictates the predetermined
number. For example, 1n one implementation, 1f more than ten
pixel fragments are within the bounding box (e.g., see FIG.
4C), then there 1s a reasonably good chance that one of those
pixel fragments 1s within the primitive. I so, then further cull
processing as discussed 1n FIG. 3 can be suspended, thus
saving processing steps.

Accordingly, returning to step 302, if the bounding box
bounds at least one pixel fragment, then the process continues
to step 306, 1n which 1t 1s determined 11 more than the pre-
specified number of pixel fragments intersect the bounding
box. If the bound box intersects more than the prespecified
number, then the process skips to step 310, in which the
receiving module 34 retrieves the attribute data for processing
by the attribute processor 36. After processing 1s complete,
the geometry stage 26 forwards the resulting transformed
data to the rasterization stage 28.

After receipt of the resulting transformed data from the
geometry stage 26, the rasterization stage 28 performs con-
ventional rasterization processes. For example, the rasteriza-
tion stage 28 1llustratively rasterizes the primitive and, when
processing 1s completed, forwards data representing the fully
processed primitive to the frame butter 30. If double butiered,
the frame buifer 30 could store the data of a fully processed
image 1n its display portion of memory while receiving the
pixel data (for the image currently being formed) 1n its write
portion of memory.

Returning to step 306, 1f the visibility processor 46 deter-
mines that the bounding box does not intersect more than the
predetermined number of pixel fragments, then the process
continues to step 308. Specifically, at step 308, the visibility
processor 46 determines 1 the primitive intersects any pixel
fragments. To that end, the visibility processor 46 tests each
pixel fragment within the bounding box to determine 1f any
are within the mathematical border of the primitive (e.g.,
using edge equations).

I1 the primitive intersects at least one pixel fragment, then
the process continues processing the primitive 1n a conven-
tional pipelined manner (step 310, discussed above). Con-
versely, 1f the primitive does not intersect at least one pixel
fragment, then the vertex data for that primitive 1s effectively
discarded (step 304, discussed above).

For illustrative purposes, FIGS. 4A-4D schematically
show pixel fragments and their spatial relationships with tr1-
angle primitives and their respective bounding boxes. Note
that FIGS. 4A-4D are exemplary and not intended to limait the
scope of the mvention. Moreover, 1t should be noted that
although triangle primitives are discussed, embodiments of
the ivention can be applied to other polygon primitives and
line primitives. Discussion of triangle primitives thus 1is
exemplary and not intended to limit the scope of the mven-
tion.

For simplicity, FIGS. 4A-4D each show one pixel only. No
adjacent pixels are shown. Those skilled in the art should
understand, however, that pixel fragments on adjacent pixels,
if shown, could be used by various embodiments of the mnven-
tion to determine 11 the primitive 1s to be culled. Accordingly,
embodiments of the invention are not limited to pixel frag-
ments 1n one pixel only. Pixel fragments from any pixel on the
display device 22 should suifice to determine 1f a primitive 1s
visible on an 1mage to be displayed.

FIG. 4A shows a primitive that intersects no pixel frag-
ments and has an associated bounding box that also intersects
no pixel fragments. F1G. 4B shows a primitive that intersects
no pixel fragments. Its associated bounding box, however,
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intersects two pixel fragments. F1G. 4C shows a primitive that
intersects three pixel fragments and has a bounding box that
intersects four pixel fragments. FIG. 4D shows a primitive
that intersects one pixel fragment and has an associated
bounding box that also intersects that same pixel fragment
only.

It should be noted that although various embodiments are
discussed as culling primitives if they do not intersect at least
one pixel fragment, alternative embodiments still may cull a
primitive 11 1t intersects one or more pixel fragments (e.g., two
or three fragments). In a similar manner, the bounding box
steps also may require a higher number of pixel fragments.
Accordingly, discussion of specific numbers of pixel frag-
ments within either a primitive or a bounding box 1s exem-
plary and not intended to limit all embodiments of the inven-
tion.

Accordingly, various embodiments of the mnvention cull a
primitive as a function of whether it intersects at least one
pixel fragment. In other words, 1f a primitive does not inter-
sect at least one pixel fragment, 1t 1s culled. If it does, how-
ever, then 1t 1s processed 1n a conventional manner for display
on the display device 22. The rasterization stage 28 thus
should not process primitive data for a primitive that 1s too
small to be rendered on the display device 22. Consequently,
the disclosed graphics processor 20, including 1ts rasteriza-
tion stage 28, should recerve and process small graphics
primitives in a more rapid and efficient manner than those
within systems that do not implement the disclosed processes.

In alternative embodiments, rather than being within the
geometry stage 26, the disclosed functionality may be per-
formed by another module. For example, the disclosed func-
tionality may be a preprocessing stage within the raster stage
28. Accordingly, 1n that case, the raster stage 28 preprocesses
the primitive data in the specified manner before applying
conventional rasterization processes. As a second example,
the disclosed functionality may be within some other system
component between the geometry stage 26 and the raster
stage 28.

Some embodiments of the invention may be implemented
at least 1 part 1n any conventional computer programming
language. For example, some embodiments may be imple-
mented 1n a procedural programming language (e.g., “C”), or
in an object onented programming language (e.g., “C++7).
Other embodiments of the invention may be implemented as
preprogrammed hardware elements (e.g., application specific
integrated circuits, FPGAs, and digital signal processors), or
other related components.

In an alternative embodiment, the disclosed apparatus and
method may be implemented as a computer program product
for use with a computer system. Such implementation may
include a series of computer instructions fixed either on a
tangible medium, such as a computer readable medium (e.g.,
a diskette, CD-ROM, ROM, or fixed disk) or transmittable to
a computer system, via a modem or other mterface device,
such as a communications adapter connected to a network
over amedium. The medium may be either a tangible medium
(e.g., optical or analog communications lines) or a medium
implemented with wireless techniques (e.g., WIFI, micro-
wave, inirared or other transmission techniques).

The series of computer instructions can embody all or part
of the Tunctionality previously described herein with respect
to the system.

Those skilled 1n the art should appreciate that such com-
puter instructions can be written 1n a number of programming,
languages for use with many computer architectures or oper-
ating systems. Furthermore, such instructions may be stored
in any memory device, such as semiconductor, magnetic,
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optical or other memory devices, and may be transmitted
using any communications technology, such as optical, inira-
red, microwave, or other transmission technologies.

Among other things, such a computer program product
may be distributed as a removable medium with accompany-
ing printed or electronic documentation (e.g., shrink wrapped
soltware), preloaded with a computer system (e.g., on system
ROM or fixed disk), or distributed from a server or electronic
bulletin board over the network (e.g., the Internet or World
Wide Web). Of course, some embodiments of the invention
may be implemented as a combination of both software (e.g.,
a computer program product) and hardware. Still other
embodiments of the imnvention are implemented as entirely
hardware, or entirely software.

Although the above discussion discloses various exem-
plary embodiments of the invention, 1t should be apparent that
those skilled in the art can make various modifications that
will achieve some of the advantages of the invention without
departing from the true scope of the invention.

What 1s claimed 1s:

1. A method of processing a primitive, using a graphics
processor implemented in either hardware ov a combination
of hardware and software, for potential display on a display
device having a plurality of pixels, the method comprising:

forming, using the graphics processor, a bounding box

based defined by a minimum and maximum x values and
a minimum and maximum vy values of the primitive;

determining, using the graphics processov, if the bounding
box bounds at least one pixel fragment;

if the bounding box does not bound the at least one pixel
fragment discarding the primitive without further cull-
Ing processing,;

if the bounding box does bound the at least one pixel
fragment, determining if the bounding box bounds a
predetermined number of pixel fragments;

if the bounding box bound does bound the predetermined
number of pixel fragments forwarding the primitive to be
Jurther raster processed;

if the bounding box does not bound the predetermined
number of pixel fragments determining, using the graph-
ics processor, 11 the primitive intersects at least a second
predetermined number of pixel fragments Jon the dis-
play device], the second predetermined number being no
less than one; [and]

[culling the primitive as a function of whether the primitive
intersects at least the predetermined number of pixel
fragments on the display device, the primitive not being
raster processed if culled]

if the primitive intersects the second predetermined num-
ber of pixel fragments forwarding the primitive to be
further raster processed; and

if the primitive does not intersect the second predetermined
number of pixel fragments, discarding the primitive
without further culling processing.

2. The method as defined by claim 1 wherein [a] tze graph-
1Cs processor has a raster stage capable of raster processing
the primitive, the graphics processor also having a geometry
stage capable of forwarding primitive attribute data to the
raster stage for raster processing, the steps of determiming
comprising determining 1f the primitive intersects at least the
second predetermined number of pixel fragments on the dis-
play device before forwarding primitive attribute data from
the geometry stage to the raster stage.

3. The method as defined by claim 1 wherein [a] #2e graph-
ics processor has a raster stage capable of raster processing
the primitive, the graphics processor also having a geometry
stage capable of forwarding primitive attribute data to the
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raster stage for raster processing, the step of determining
comprising the raster stage determining 11 the primitive inter-
sects at least the second predetermined number of pixel frag-
ments on the display device.

[4. The method as defined by claim 1 wherein the primitive 3
1s not culled 11 the primitive 1s determined to intersect at least
the predetermined number of pixel fragments on the display
device.]

[5. The method as defined by claim 1 wherein the primitive
1s culled if the primitive 1s determined to not itersect at least
the predetermined number of pixel fragments on the display
device.]

[6. The method as defined by claim 1 wherein determining
COmprises:

forming a bounding box based upon positional data of the
primitive.]

7. The method as defined by claim [6] / further wherein the
primitive has an associated equation defining 1ts position on
the display device], the method further comprising: 20

determining 1f the bounding box bounds more than a pre-
specified number of pixel fragments; and

if the bounding box does not bound more than the prespeci-
fied number of pixel fragments, then using the equation
to determine 1 the primitive intersects at least the pre- 25
determined number of pixel fragments].

[8. The method as defined by claim 6 wherein the primitive

is culled if the bounding box bounds no pixel fragments.}

9. An apparatus for processing a primitive for potential
display on a display device having a plurality of pixels, the
apparatus comprising:

a graphics processor implemented in either havdware or a
combination of havdware and software, the graphic pro-
Cessoy COmprising:

a geometry stage capable of performing geometry opera-
tions on the primitive, the geometry stage also being
capable of forming, using the graphics processor, a
bounding box defined by a minimum and maximum x
values and a minimum and maximum y values of the 40
primitive, determining, using the graphics processor,
if the bounding box bounds at least one pixel frag-
ment, if the bounding box does not bound the at least
one pixel fragment, discarding the primitive without
Jurther culling processing, if the bounding box does 45
bound the at least one pixel fragment, determining 11
the [primitive intersects] bounding box bounds at
least a predetermined number of pixel fragments Jon
the display device, the geometry stage being config-
ured to cull the primitive as a function of whether the 50
primitive intersects at least the predetermined number
of pixel fragments on the display device, the prede-
termined number being no less than one;] if the
bounding box bound does bound the predetermined
number of pixel fragments forwarding the primitive to 55
be further vaster processed, if the bounding box does
not bound the predetermined number of pixel frag-
ments determining, using the graphics processov, if
the primitive intersects at least a second predeter-
mined number of pixel fragments, the second prede- 60
termined number being no less than one, if the primi-
tive intersects the second predetermined number of
pixel fragments forwarding the primitive to be further
raster processed, if the primitive does not intersect the
second predetermined number of pixel fragments, dis- 65
carding the primitive without further culling process-
ing, and
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a raster stage operatively coupled with the geometry stage,
the raster stage being capable of raster processing the
primitive if the geometry stage does not [cull] discard
the primitive.

[10. The apparatus as defined by claim 9 wherein the primi-
tive has associated attribute data, the geometry stage having,
an output for forwarding the attribute data to the raster stage
i the primitive intersects at least the predetermined number
of pixel fragments on the display device.}

[11. The apparatus as defined by claim 9 wherein the primi-
tive has associated attribute data, further wherein the geom-
etry stage 1s configured to not forward the attribute data to the
raster stage if the primitive 1s determined to not 1ntersect at
least the predetermined number of pixel fragments on the
display device.]

12. The apparatus as defined by claim 9 wherein the geom-
etry stage comprises:

a bounding box module capable of forming [a] #2¢ bound-

ing box based upon positional data of the primitive.

13. The apparatus as defined by claim 12 further wherein
the primitive has an associated equation defining 1ts position
on the display device, the geometry stage using the equation
to determine whether the primitive intersects at least one pixel
fragment if the bounding box bounds fewer than the [first]
predetermined number of pixel fragments.

[14. The apparatus as defined by claim 12 wherein the
primitive has associated attribute data, further wherein the
geometry stage does not forward the attribute data to the
raster stage 11 no pixel fragments are bounded by the bound-
ing box.]

15. A computer program product for use on a computer
system for processing a primitive for potential display on a
display device having a plurality of pixels, the computer
program product comprising a ron-transitory computer
[usable] readable storage medium having computer readable
program code stored thereon, the computer readable program
code comprising:

program code for forming a bounding box defined by a
minimum and maximum x values and a minimum and
maximum v values of the primitive;

first program code for determining if the bounding box
bounds at least one pixel fragment;

second program code for discarding the primitive without
further culling processing, if the bounding box does not
bound the at least one pixel fragment;

third program code for determining if the bounding box
bounds a predetermined number of pixel fragments, if
the bounding box bounds the at least one pixel fragment;

fourth program code for forwarding the primitive to be
further rvaster processed if the primitive bounds the pre-
determined number of pixel fragments;

fifth program code for determining if the [primitive inter-
sects at least] bounding box bounds a second predeter-
mined number of pixel fragments fJon the display
device], the second predetermined number being no less
than one[; and

program code for culling the primitive as a function of
whether the primitive intersects at least the predeter-
mined number of pixel fragments on the display device,
the primitive not being raster processed if culled], if the
bounding box does not bound the predetermined number
of pixel fragments;

sixth program code for forwarding the primitive to the
further vaster processed if the primitive intersects the
second predetermined number of pixel fragments; and
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seventh program code for discarding the primitive without
further culling processing if the primitive does not inter-
sect the second predetermined number of pixel frag-
Ments.

[16. The computer program product as defined by claim 15
wherein the primitive 1s not culled if the primitive 1s deter-
mined to intersect at least the predetermined number of pixel
fragments on the display device.}

[17. The computer program product as defined by claim 15
wherein the primitive 1s culled i1 the primitive 1s determined
to not 1ntersect at least the predetermined number of pixel
fragments on the display device.}

[18. The computer program product as defined by claim 15
wherein the program code for determining comprises:

program code for forming a bounding box based upon
positional data of the primitive.]

[19. The computer program product as defined by claim 18
turther wherein the primitive has an associated equation
defining 1ts position on the display device, the computer pro-
gram product further comprising;:

program code for determining 1f the bounding box bounds
more than a prespecified number of pixel fragments; and

program code for using the equation to determine whether
the primitive intersects at least the predetermined num-
ber of pixel fragments, the program code for using being
executed 1f the bounding box does not bound more than
the prespecified number of pixel fragments.}

[20. The computer program product as defined by claim 18
wherein the primitive 1s culled if no pixel fragments are
bounded by the bounding box.]

21. An apparatus for processing a primitive for potential
display on a display device having a plurality of pixels, the
apparatus comprising:

a graphics processor implemented in either havdware or a
combination of havdware and software, the graphic pro-
Ccessor COmprising:

a geometry stage capable of performing geometry
operations on the primitive, the geometry stage also
being capable of forming, using the graphics proces-
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sor, a bounding box defined by a minimum and maxi-
mum x values and a minimum and maximum y values
of the primitive, determining, using the graphics pro-
cessor, if the bounding box bounds at least one pixel
fragment, if the bounding box does not bound the at
least one pixel fragment, discarding the primitive
without further culling processing, if the bounding
box does bound the at least one pixel fragment, deter-
mining if the bounding box bounds at least a prede-
termined number of pixel fragments, if the bounding
box does bound the predetermined number of pixel
fragments, forwarding the primitive to be further ras-
ter processed, if the bounding box does not bound the
predetermined number of pixel fragments determin-
ing, using the graphics processor, if the primitive
intersects at least a second predetermined number of
pixel fragments, the second predetermined number
being no less than one, if the primitive intersects the
second predetermined number of pixel fragments, for-
warding the primitive to be further raster processed, if
the primitive does not intersect the second predeter-
mined number of pixel fragments, discarding the
primitive without further culling processing; and

a raster stage operatively coupled with the geometry stage,

the vaster stage being capable of rvaster processing the
primitive if the geometry stage does not discavd the
primitive.

22. The apparatus as defined by claim 21 wherein the
geometry stage comprises.

a bounding box module capable of forming the bounding

box based upon positional data of the primitive.

23. The apparatus as defined by claim 22 further wherein
the primitive has an associated equation defining its position
on the display device, the geometry stage using the equation
to determine whether the primitive intersects at least one
pixel fragment if the bounding box bounds fewer than the first
number of pixel fragments.
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