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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Leather et al. Examiner:

Serial No.: Art Group:

Filing Date: June 12, 2003 Docket No: 00100.02.00S3

Title: DIVIDING WORK AMONG MULTIPLE GRAPHICS PIPELINES USING A

SUPER-TILING TECHNIQUE

Cernfieale ofExpress Man‘
I hereby certify that this paper is being deposited with the

Mail Stop Patent Application United States Pas-:a!.‘1‘ervice “Express Mail Post agree to
Commissioner for patents Addressee” service under 37 CFR (.10, on the data

13.0. Box I 450 indicated and is addressed to Mail Stop Patent
. A I" ' C " P , .03" I450.

memaml va zzmso ,::;;:::?:V:*;;;:;::::'J°* " :*
Express Mai! No. E V 0633 M627 US.

a 1 It
Do is Winona K. JECJUIJ-II

PRELIMINARY AMENDMENT

Dear Sir:

Prior to examination, Applicants respectfully request that the above-identified application

be amended as follows:

In The Specification:

Please add the following new paragraph directly below the invention title on page 1 of

the specification as follows:

This application claims the benefit ofU. S. Provisional Application Ser. No. 60/429,641

filed November 27, 2002, entitled “Dividing Work Among Multiple Graphics Pipelines Using a

Super-Tiling Technique", having as inventors Mark M. Leather and Eric Demers, and owned by

instant assignee.

CHIC AGO!!! 1083968.]
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REMARKS

Applicants submit that the specification is fully supported by the original provisional

application, and the claims are fully supported by the originally filed provisional application.

Respectfully submitted,

By: 4 4 
Dated: June 12, 2003 Chris opher J. Rcckamp

Reg. No. 34,414

Vedder, Price, Kaufman & Kammholz
222 North Lasalle Street

Chicago, Illinois 60601
Telephone: (312) 609-7500
Facsimile: (312) 609-5005

CHICAGOM I 083958. I
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PATENT APPLICATION

ATTY. DOCKET NO. 00100.02.0053

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

FILING OF A UNITED STATES PATENT APPLICATION

DIVIDING WORK AMONG MULTIPLE GRAPHICS PIPELINES

USING A SUPER-TILING TECHNIQUE

INVENTORS:

Eric Demers

901 Sycamore Drive
Palo Alto, California 94303

Mark M. Leather

12187 Woodside Drive

Saratoga, California 95070

ATTORNEY OF RECORD:
CHRISTOPHER J. RECKAMP

REGISTRATION NO. 34,414
VEDDER PRICE KAUFMAN & KAMMHOLZ

222 NORTH LASALLE STREE'I', SUITE 2600

CHICAGO, ILLINOIS 60601

PHONE (312) 509-7500

FAX (312)609-5005

Express Mail Label No.: EV 063310627 US

Date of Deposit: J une 12, 2003

I hereby certify that this paper is being deposited with the
U.S. Postal Service “Express Mail Post Office to
Addressee" service under 37 C.F.R. Section l.l0 on the

‘Date of Deposit‘, indicated above, and is addressed
to: Mail Stop Patent Application, Commissioner of Parents,
P. 0. Box 1450, Alexandria, VA, 22313-1450.

Name of Depositor: Winona K. Jackson

§"i '3’' .-.-.... t'J:I..'.!'JJl
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DIVIDING WORK AMONG MULTIPLE GRAPHICS PIPELINES USING A

SUPER-TILING TECHNIQUE

RELATED CO—PENDING APPLICATION

[0001] This is a related application to a co-pending application entitled “Parallel

Pipeline Graphics System” having docket number 010025, having serial number

, having Leather et al. as the inventors, filed on even date,

owned by the same assignee and hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0001] The present invention generally relates to graphics processing circuitry

and, more particularly, to dividing graphics processing operations among multiple

pipelines.

BACKGROUND OF THE INVENTION

[0002] Computer graphics systems, set top box systems or other graphics

processing systems typically include a host processor, graphics (including video)

processing circuitry, memory (e.g. frame buffer), and one or more display devices. The

host processor may have a graphics application running thereon, which provides vertex

data for a primitive (e.g. triangle) to be rendered on the one or more display devices to

the graphics processing circuitry. The display device, for example, a CRT display

includes a plurality of scan lines comprised ofa series ofpixels. When appearance

attributes (e.g. color, brightness, texture) are applied to the pixels, an object or scene is

presented on the display device. The graphics processing circuitry receives the vertex

data and generates pixel data including the appearance attributes which may be presented

on the display device according to a particular protocol. The pixel data is typically

stored in the frame buffer in a manner that corresponds to the pixels location on the

display device.

[0003] FIG. 1 illustrates a conventional display device 10, having a screen 12

partitioned into a series of vertical strips 13-18. The strips 13-13 are typically I-4 pixels

in width. In like manner, the frame buffer of conventional graphics processing systems is

partitioned into a series of vertical strips having the same screen space width.

1
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Alternatively, the frame buffer and the display device may be partitioned into a series of

horizontal strips. Graphics calculations, for example, lighting, color, texture and user

viewing information are performed by the graphics processing circuitry on each of the

primitives provided by the host. Once all calculations have been performed on the

primitives, the pixel data representing the object to be displayed is written into the frame

buffer. Once the graphics calculations have been repeated for all primitives associated

with a specific frame, the data stored in the frame buffer is rendered to create a video

signal that is provided to the display device.

[0004] The amount of time taken for an entire frame of infonnation to be

calculated and provided to the frame buffer becomes a bottleneck in graphics systems as

the calculations associated with the graphics become more complicated. Contributing to

the increased complexity of the graphics calculation is the increased need for higher

resolution video, as well as the need for more complicated video, such as 3-D video. The

video image observed by the human eye becomes distorted or choppy when the amount

of time taken to render an entire frame of video exceeds the amount of time in which the

display device must be refreshed with a new graphic or frame in order to avoid

perception by the human eye. To decrease processing time, graphics processing systems

typically divide primitive processing among several graphics processing circuits where,

for example, one graphics processing circuit is responsible for one vertical strip (eg. 13)

of the frame while another graphics processing circuit is responsible for another vertical

strip (e.g. 14) of the frame. In this manner, the pixel data is provided to the frame buffer

within the required refresh time.

[0005] Load balancing is a significant drawback associated with the partitioning

systems as described above. Load balancing problems occur, for example. when all of

the primitives 20-23 of a particular objector scene are located in one strip (e.g. strip 13)

as illustrated in FIG. 1. When this occurs, only the graphics processing circuit

responsible strip 13 is actively processing primitives; the remaining graphics processing

circuits are idle. This results in a significant waste of computing resources as at most

only half of the graphics processing circuits are operating. Consequently, graphics

processing system performance is decreased as the system is only operating at a

maximum of fifty percent capacity.



0010

020053

[0006] Changing the width of the strips has been employed to counter the system

performance problems. However, when the width of a strip is increased, the load

balancing problem is enhanced as more primitives are located within a single strip;

thereby, increasing the processing required of the graphics processing circuit responsible

for that strip, while the remaining graphics processing circuits remain idle. When the

width of the strip is decreased (e.g. four hits to two bits), cache (e.g. texture cache)

efficiency is decreased as the number of cache lines employed in transferring data is

reduced in proportion to the decreased width of the strip. In either case, graphics

processing system perfonnance is still decreased due to the idle graphics processing

circuits.

[0007] Frame based subdivision has been used to overcome the performance

problems associated with conventional partitioning systems. In fi-ame based subdivision,

each graphics processor is responsible for processing an entire frame, not strips within the

same frame. The graphics processors then alternate frames. However, frame subdivision

introduces one or more frames of latency between the user and the screen, which is

unacceptable in real-time interactive environments, for example, providing graphics for a

flight simulator application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention and the related advantages and benefits provided

thereby, will be best appreciated and understood upon review of the following detailed

description of a preferred embodiment, taken in conjunction with the following drawings,

where like numerals represent like elements, in which:

[0009] FIG. 1 is a schematic block diagram ofa conventional display partitioned

into several vertical strips:

[0010] FIG. 2 is a schematic block diagram of a graphics processing system

employing an exemplary multi-pipeline graphics processing circuit according to one

embodiment of the present invention;

[0011] FIG. 3 is a schematic block diagram of a memory partitioned into an

exemplary super-tile pattern according to the present invention;
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[(1012] FIG. 4 is a schematic block diagram ofa memory partitioned into a super-

tile pattern according to an altemate embodiment of the present invention;

[0013] FIG. 5 is a schematic block diagram of a.n exemplary multi—pipelinc

graphics processing circuit used in a multi processor configuration according to an

alternate embodiment of the present invention;

[0014] FIG. 6 is a flow chart of the operations performed by the graphics

processing circuit according to the present invention;

[0015] FIG. 7 is a diagram illustrating a polygon bounding box to determine

which, if a polygon fits in a tile or super tile; and

[0016] FIG. 8 is a schematic block diagram of an exemplary rnulti—pipeline

graphics processing circuit used in a multi processor configuration according to an

alternate embodiment of the present invention.
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

[0017] A multi-pipeline graphics processing circuit includes at least two pipelines

operative to process data in a corresponding tile of a repeating tile pattern, a respective

one of the at least two pipelines is operative to process data in a dedicated tile, wherein

the repeating tile pattern includes a horizontally and vertically repeating pattern of square

regions. The multi-pipeline graphics processing circuit may be coupled to a fiarne bufier

that is subdivided into a replicating pattern of square regions (e.g. tiles), where each

region is processed by a corresponding one of the at least two pipelines such that load

balancing and texture cache utilization is enhanced.

[0018] A multi-pipeline graphics processing method includes receiving vertex

data for a primitive to be rendered, generating pixel data in response to the vertex data,

detennining the pixels within a set of tiles of a repeating tile pattern to be processed by a

corresponding one of at least two graphics pipelines in response to the pixel data, the

repeating tile pattem including a horizontally and vertically repeating pattern of square

regions, and performing pixel operations on the pixels within the determined set of tiles

by the corresponding one of the at least two graphics pipelines. An exemplary

embodiment of the present invention will now be described with reference to Figures 2-6.

[0019] FIG. 2 is a schematic block diagram ofan exemplary graphics processing

system 30 employing an example ofa multi-pipeline graphics processing circuit 34

according to one embodiment of the present invention. The graphics processing system

30 can be implemented with a single graphics processing circuit 34 or with two or more

graphics processing circuits 34, 54. The components and corresponding functionality of

the graphics processing circuits 34, 54 are substantially the same. Therefore, only the

structure and operation of graphics processing circuit 34 will be described in detail. An

alternate embodiment, employing both graphics processing circuits 34 and 54 will be

discussed in greater detail below with reference to FIGS. 4-5.

[0020] Graphics data 31, for example, vertex data of a primitive (e.g. triangle) 80

(FIG. 3) is transmitted as a series of strips to the graphics processing circuit 34. As used

herein, graphics data 31 can also include video data or a combination ofvideo data and

graphics data. The graphics processing circuit 34 is preferably a portion ofa stand-alone

graphics processor chip or may also be integrated with a host processor or other circuit, if
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desired, or part of a larger system. The graphics data 31 is provided by a host (not

shown). The host may be a system processor (not shown) or a graphics application

running on the system processor. In an alternate embodiment, an Accelerated Graphics

Port (AGP) 32 or other suitable port receives the graphics data 31 from thelhost and

provides the graphics data 3] to the graphics processing circuit 34 for further processing.

[0021] The graphics processing circuit 34 includes a first graphics pipeline 101

operative to process graphics data in a first set of tiles as discussed in greater detail

below. The first pipeline 101 includes front end circuitry 35, a scan converter 3?, and

back end circuitry 39. The graphics processing circuit 34 also includes a second graphics

pipeline 102, operative to process graphics data in a second set of tiles as discussed in

greater detail below. The first graphics pipeline 101 and the second graphics pipeline

102 operate independently ofone another. The second graphics pipeline 102 includes the

fiont end circuitry 35, a scan converter 40, and back end circuitry 42. Thus, the graphics

processing circuit 34 of the present invention is contigured as a multi-pipeline circuit,

where the back end circuitry 39 of the first graphics pipeline 101 and the back end

circuitry 42 of the second graphics pipeline 102 share the front end circuitry 35, in that

the first and second graphics pipelines 101 and 102 receive the same pixel data 36

provided by the front end circuitry 35. Alternatively, the back end circuitry 39 of the first

graphics pipeline 101 and the back end circuitry 42 of the second pipeline 102 may be

coupled to separate front end circuits. Additionally, it will be appreciated that a single

graphics processing circuit can be configured in similar fashion to include more than two

graphics pipelines. The illustrated graphics processing circuit 34 has the first andisecond

pipelines 101-102 present on the same chip. However, in alternate embodiments, the first

and second graphics pipelines 101-102 may be present on multiple chips interconnected

by suitable communication circuitry or a communication path, for example, a

synchronization signal or data bus interconnecting the respective memory controllers.

|0022| The front end circuitry 35 may include, for example, a vertex shader, set

up circuitry, rasterizer or other suitable circuitry operative to receive the primitive data 31

and generate pixel data 36 to be further processed by the back end circuitry 39 and 42,

respectively. The front end circuitry 35 generates the pixel data 36 by performing, for

example, clipping, lighting, spatial transformations, matrix operations and rasterizing
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operations on the primitive data 31. The pixel data 36 is then transmitted to the

respective scan converters 3? and 40 of the two graphics pipelines 101-102.

[0023] The scan converter 37 of the first graphics pipeline 101 receives the pixel

data 36 and sequentially provides the position (e.g. x, y) coordinates 60 in screen space of

the pixels to be processed by the back end circuitry 39 by determining or identifying

those pixels of the primitive, for example, the pixels within portions 81-82 of the triangle

80 (FIG. 3) that intersect the tile or set oftiles that the back end circuitry 39 is

responsible for processing. The particular tile(s) that the back end circuitry 39 is

responsible for is determined based on the tile identification data present on the pixel

identification line 38 of the scan converter 37. The pixel identification line 38 is

illustrated as being hard wired to ground. Thus, the tile identification data corresponds to

a logical zero. This corresponds to the back end circuitry 39 being responsible for

processing the tiles labeled “A” (e.g. 72 and 75) in FIG. 3. Although the pixel

identification line 38 is illustrated as being hard wired to a fixed value, it is to be

understood and appreciated that the tile identification data can be programmable data, for

example, from a suitable driver and such a configuration is contemplated by the present

invention and is within the spirit and scope of the instant disclosure.

[0024] Back end circuitry 39 may include, for example, pixel shaders, blending

circuits, 2-buffers or any other circuitry for perfonning pixel appearance attribute

operations (e.g. color, texture blending, z-buffering) on those pixels located, for example,

in tiles 72, 75 (FIG. 3) corresponding to the position coordinates 60 provided by the scan

converter 37. The processed pixel data 43 is then transmitted to graphics memory 48 via

memory controller 46 for storage therein at locations corresponding to the position

coordinates 60.

[0025] The scan converter 40 of the second graphics pipeline 102, receives the

pixel data 36 and sequentially provides position (e.g. x, y) coordinates 61 in screen space

of the pixels to be processed by the back end circuitry 42 by determining those pixels of

the primitive, for example, the pixels within portions 83-84 of the triangle 80 (FIG. 3)

that intersect the tiles that the back end circuitry 42 is responsible for processing. Back

end circuitry 42 tile responsibility is determined based on the tile identification data

present on the pixel identification line 41 of the scan converter fill. The pixel
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identification line 4] is illustrated as being hard wired to Vcc; thus, the tile identification

data corresponds to a logical one. This corresponds to the back end circuitry 42 being

responsible for processing the tiles labeled “B” (e.g. 73-74) in FIG. 3. Although the pixel

identification line 41 is illustrated as being hard wired to a fixed value, it is to be

understood and appreciated that the tile identification data can be programmable data, for

example, from a suitable driver and such configuration is contemplated by the present

invention and is within the spirit and scope ofthe instant disclosure.

[0026] Back end circuitry 42 may include, for example, pixel shaders, blending

circuits, 2-butters or any suitable circuitry for performing pixel appearance attribute

operations on those pixels located, for example, in tiles 73 and 74 (FIG. 3) corresponding

to the position coordinates 61 provided by the scan converter 40. The processed pixel

data 44 is then transmitted to the graphics memory 48, via memory controller 46, for

storage therein at locations corresponding to the position coordinates 61.

[0027] The memory controller 46 is operative to transmit and receive the

processed pixel data 43 -44 from the back end circuitry 39 and 42; transmit and retrieve

pixel data 49 from the graphics memory 43; and in a single circuit implementation,

transmit pixel data 50 for presentation on a suitable display 51. The display 51 may be a

monitor, a CR1‘, a high definition television (HDTV) or any other device or combination

thereof.

[0028] Graphics memory 48 may include, for example, a frame buffer that also

stores one or more texture maps. Referring to FIG. 3, the frame buffer portion of the

graphics memory 48 is partitioned in a repeating tile pattern ofhorizontal and vertical

square regions or tiles 72-75, where the regions 72-75 provide a two dimensional

partitioning of the flame buffer portion ofthe memory 48. Each tile is implemented as a

16 x 16 pixel array. The repeating tile pattem of the frame buffer 48 corresponds to the

partitioning of the corresponding display 51 (FIG. 2). When rendering a primitive (cg.

triangle) 80, the first graphics pipeline 101 processes only those pixels in portions 81, 82

of the primitive 80 that intersects tiles labeled “A", for example, 72 and 7'5, as the back

end circuitry 39 is responsible for the processing of tiles corresponding to tile

identification 0 present on pixel identification line 38 (FIG. 2). In corresponding fashion,

the second graphics pipeline 102 processes only those pixels in portions 83, 84 of the
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primitive 80 that intersects tiles labeled “B", for example 73-74, as the back end circuitry

42 (FIG. 2) is responsible for the processing of tiles corresponding to tile identification 1

present on pixel identification line 41 (FIG. 2).

[0029] By configuring the flame buffer 48 according to the present invention, as

the primitive data 31 is typically written in strips, the tiles (e.g. 72 and 75) being

processed by the first graphics pipeline 10] and the tiles (e.g. 73 and 74) being processed

by the second graphics pipeline 102 will be substantially equal in size, notwithstanding

the primitive 80 orientation. Thus, the amount ofprocessing perfonned by the first

graphics pipeline 101 and the second graphics pipeline 102, respectively, are

substantially equal; thereby, efiectively eliminating the load balance problems exhibited

by conventional techniques.

‘ [0030] FIG. 4 is a schematic block diagram of a ti-ame buffer 68 partitioned into a

super-tile pattern according to an alternate embodiment ofthe present invention. Such a

partitioning would be used, for example, in conjunction with a multi-processor

implementation to be discussed below with reference to FIG. 5. As illustrated, the frame

buffer 68 is partitioned into a repeating tile pattern where the tiles, for example, 92-99

that form the repeating tile pattern are the responsibility of and processed by a

corresponding one of the graphics pipelines provided by the muiti-processor

implementation.

[0031] FIG. 5 is a schematic block diagram of a graphics processing circuit 54

which may be coupled with the graphics processing circuit 34 (FIG. 2), for example, by

the AGP 32 or other suitable port, to form one embodiment of a multi-processor

implementation. The graphics processing circuit 54 is preferably a portion of a stand-

alone graphics processor chip or may also be integrated with a host processor or other

circuit, ifdesired, or port of a larger system. The multi-processor implementation

exhibits an increased fill rate of, for example, 9.6 billion pixels/sec with a triangle rate of

300 million triangles/sec. This represents a tremendous performance increase as

compared to conventional graphics processing systems. The triangle rate is defined as

the number of triangles the graphics processing circuit can generate per second. The fill

rate is defined as the number of pixels the graphics processing circuit can render per

second.
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[0032] Referring briefly to FIG. 2, in the multi-processor implementation,

processed pixel data 52 from the graphics processing circuit 34 is provided as a first of

two inputs to a high speed switch 70. The second input to the high speed switch 70 is the

processed pixel data 55 from the graphics processing circuit 54. The high speed switch

70 has a switching frequency (f) sufficient to provide the pixel information 71 to a

suitable display device without any detectable latency.

[0033] Returning to FIG. 5, the graphics processing circuit 54 includes a third

graphics pipeline 201 operative to process graphics data in a third set of tiles. 'l‘he third

graphics pipeline 201 includes front end circuitry 135, which may be the front end

circuitry 35 discussed with reference to FIG. 2, a scan converter 13’? and back end

circuitry 139. The graphics processing circuit 54 also includes a fourth graphics pipeline

202, operative to process graphics data in a fourth set of tiles. The fourth graphics

pipeline 202 includes the front end circuitry 135, a scan converter 140 and back end

circuitry 142. The third graphics pipeline 201 and the fourth graphics pipeline 202 also

operate independently ofone another. Thus, the graphics processing circuit 54 is

configured as a rnulti-pipeline circuit, where the back end circuitry 139 of the third

graphics pipeline 201 and the back end circuitry 142 of the fourth graphics pipeline 202

share the front end circuitry 135, in that the respective back end circuitry 139 and 142

receives the same pixel data from the front end circuitry 135. As illustrated, the

components of the third and fourth graphics pipelines are present on a single chip.

Additionally, the back and circuitry 139 and the back end circuitry 142 may be

configured to share the front end circuitry 35 of the graphics processing circuit 34.

Alternatively, the third and fourth graphics pipelines may be configured to be on multiple

chips interconnected by a communication path, for example, a synchronization signal or

data bus.

[0034] The front end circuitry 135 may include, for example, a vertex shader, set

up circuitry, rasterizer or other suitable circuitry operative to receive the primitive data 31

from the AGP 32 and generate pixel data I36 to be processed by the third graphics

pipeline 20! and fourth graphics pipeline 202, respectively. The front end circuitry 135

generates the pixel data 136 by performing, for example, clipping, lighting, spatial

transformations, matrix operations, rasterization or any suitable primitive operations or

10
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combination thereof on the primitive data 3 I. The pixel data 136 is then transmitted to

the respective scan converters 13? and I40 of the two graphics pipelines 201-202.

[0035] The scan converter 13'! of the third graphics pipeline 201 receives the

pixel data 136 and sequentially provides the position (e.g. x, y) coordinates 160 in screen

space of the pixels to be processed by the back end circuitry 139, based on the tile

identification data present on pixel identification line 138. In corresponding fashion, scan

converter 140 of the fourth graphics pipeline 202 receives the pixel data 136 and

sequentially provides the position (e.g. x, y) coordinates 161 in screen space of the pixels

to be processed by the back end circuitry 143, based on the tile identification data present

on pixel identification line 14].

[0036] Referring to FIG. 4, in the multi-processor implementation, when a logical

zero or other suitable value is present on pixel identification line 138 (e-.g. corresponding

to the pixel identification line 138 being tied to ground), the back end circuitry 139 is

responsible for processing, for example, tiles labeled “A0” (e.g. 92 and 95). In

corresponding manner, when a logical one or other suitable value is present on pixel

identification line 141 (eg. corresponding to pixel identification line 142 being tied to

Vcc), the back end circuitry I42 will be responsible for processing the tiles labeled "B0”

(e.g. 93 and 94). When a logical zero or other suitable value is present on pixel

identification line 38 (FIG. 2), the back end circuitry 39 is responsible for processing, for

example, the tiles labeled “A1" (e.g. 96 and 99). When a logical one or other suitable

value is present on pixel identification line 41 (FIG. 2), the back end circuitry 42 is

responsible for processing, for example, the tiles labeled “Bl” (e.g. 97 and 98). The tilt:

pattern illustrated in FIG. 4 is referred to as a super—tile pattern 68.

[0037] As illustrated, the super-tile pattern 68 is formed ofa horizontally and

vertically repeating pattern of regions or tiles 92-99, where each tile is a 16 x 16 pixel

array. With this frame buffer configuration, as the primitive data 31 is typically written

in strips, at least one tile (e.g. 92) being processed by the third graphics pipeline 201 and

at least one tile (e.g. 93) being processed by the fourth graphics pipeline 202 will be

intersected or contain at least a portion ofthe primitive data 31, notwithstanding the

primitive orientation; thereby achieving substantially equal loadbalancing between the

pipelines.
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[0033] Thus, in the multi-processor implementation, each of the graphics

pipelines is responsible for processing lf(MxN) of the tiles present in the partitioned

graphics memory 68, where M represents the number of pipelines per circuit and N

represents the number of graphics processing circuits being used. Thus, in an

embodiment where graphics processing circuit 34 and graphics processing circuit 54 are

combined, for example, through AGP 32 (FIG. 2), each graphics pipeline 101, 102, 201

and 202 will be responsible for processing one-fourth of the tiles 92-99 of the repeating

tile pattern. This results in increased graphics processing performance as each graphics

pipeline is responsible for processing one-quarter of total pixels maintained in the frame

buffer 68.

[0039] FIG. 6 is a flow chart of the operations performed by the graphics

processing circuit 34 according to the present invention. In the multi-processor

implementation, graphics processing circuitsl34 and 54 perform substantially the same

operations. In step 100, the front end circuitry 35 receives the graphics data 31 (FIG. 2),

for example, vertex data of an object to be rendered and generates corresponding pixel

data 36 (FIG. 2) in response to the primitive data 3 I in step 102. The pixel data may be

generated by performing, for example, clipping, lighting, spatial transformations. matrix

transformations and rasterizing operations on the graphics data 31.

[0040] hi step 104, the pixels within a set of tiles of the repeating tile pattern to be

processed by a corresponding one of the at least two graphics pipelines in responselto the

pixel data is determined. This is accomplished, for example, in step 105 by the scan

converter 37 determining which of tiles (eg. 72 and 75) of the repeating tile pattern are to

be processed by the back end circuitry 39 based on the tile identification data present on

the pixel identification line 38. Next, in step 106, the scan converter 37 provides the

position coordinates 60 of the pixels within portions 3] -82 of the triangle 80 that intersect

the tiles (e.g. 72 and 75) to the back end circuitry 39.

[0041] In step 108, pixel operations are performed on the pixels within the

detennined set of tiles by the corresponding one of the at least two graphics pipelines is

perfonned. This is accomplished, for example, by the back end circuitry 39 performing

color, shading, blending, texturing and/or z—bul'fering operations on the pixels within the

portions (e.g. 81-82) of the tiles (e.g. 72 and 75) they are responsible for.

12
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[0042] In step 109, a determination is made as to whether the processing is

complete. If the processing is complete, the process proceeds to step [00 where vertex

data for a new primitive is received. Otherwise, the process ends. In the multi-processor

implementation, graphics processing circuit 54 perfonns substantially the same

operations as discussed above, in conjunction with graphics processing circuit 34.

[0043] As noted above, a rasterizer setup unit manages the distribution of

polygons to the different rasterizer pipelines within a chip. The design divides the screen

into multiple square tiles. Each pipeline is responsible for a subset of the tiles. In our

design, the tile sizes are 8 x 8 pixels, 16x16 pixels (default) or 32x32 pixels. However,

any number of square pixels or even non-square tiles could be done. It will be recognizecl

that the number of pixels in the tiles be a common divisor of the number of pixels on the

screen, in both X and Y directions.

[0044] Vertices are given by the application currently executing on the host. The

vertices are converted from object space three-dimensional homogeneous coordinate

system to a screen based coordinate system. This conversion can be done on the host

processor or in the front end section of the graphics chip (i.e. vertex transformation). The

screen based coordinate system has at least X and Y coordinates for each vertex.

[0045] As shown in FIG. 7, the setup unit creates a bounding box based on the

screen space X, Y coordinates of each vertex. This bounding box is then compared

against the current tile pattern. This tiling pattem is based on the number of graphics

pipelines currently active. In the one pipe configuration, the tiles just repeat and are all

mapped to the same pipeline. In the two pipe configuration, a “checkerboard” pattern is

created for the pipes and the patterns repeat over the full screen.

[0046] The bounding boxes’ four corners are mapped to the tile pattern, simply

by discarding the lower bits of X & Y. The four corners map to the same or different

tiles. If they all map to the same tile, then only the pipeline that is associated with that tile

receives the polygon. If it maps to only tiles that are associated with only one pipeline,

then again only that pipeline receives the polygon. If it maps to tiles that are associated

with multiple pipelines, then the entire polygon is sent to all pipelines. In our

implementation, we broadcast the polygon to all pipelines, masking the pipelines that
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should not receive it. Consequently, polygons can be sent to only one pipe or up to all

the pipes, depending on the coverage of the tiles by the polygon.

[0047] For super tiling when using multiple graphics chips, the rasterizer setup

unit manages the distribution of polygons to different graphics chips. The super tiles,

which are a square assembly of pixels, are used to perform load balancing between each

processor. Basically, each processor is responsible for generating all of the pixels in its

subset ofsuper tiles. The tiles are distributed evenly across all processors, in a

checkerboard pattern. The tile size is variable, but one implementation may be 32x32

pixels, or 2x2 tiles. This amount can be changed through programming registers. Super

tiles do not have to be ofa size which is a common divisor of the screen resolution, but

it's more efficient if it is. The number of chips in use should be a power of two.

[0048] FIG. 8 shows some examples of super tile configurations for various

numbers of chips (super tile size or STS). As shown, C# represents the tile that chip #

controls. The patterns repeat across the whole screen, in both X & Y directions, until the

full screen is fully covered. For odd powers of2 (STS=2, STS=8), a simple square

pattern of different chips cannot be made, so a secondary pattem of checkerboard is

applied to generate a square arrangement.

[0049] In operation, an application generates vertex data, which assembles into

polygons (i.e. 2 vertices for a line, 3 for a triangle}. Each vertex’s homogeneous object

space coordinate (generated by the application) is transformed into screen space

coordinates by either the host or the front end of the graphics chip (transform unit or

vertex processor). The screen space coordinates hold X, Y coordinates (in screen pixels)

for each of the vertices. The polygons coming from an application are all broadcast to all

chips. Each chip processes the venices as needed to generate the same X, Y coordinates

for all vertices. Then, each chip creates a bounding box around the polygon as shown in

FIG. 7. The X, Y coordinates ofeach corner of the bounding box is checked against the

super tiles that belongs to each processor. If the bounding box overlaps a super tile

assigned to a given processor, then that processor must render some or the entire polygon.

The setup unit then sends the whole polygon to the various raster pipe(s). If the bounding

box does not overlap any of the tiles associated with a processor, then the setup unit

rejects the whole polygon and processes the next one.

14
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[0050] In this way, triangle setup performance does not scale with each processor

(since all polygons go through all setup units), but fill rate (defined as the number of

pixels output total) does scale with each processor added.

[0051] The above detailed description of the invention and the examples

described therein have been provided for the purposes of illustration and description.

Although an exemplary embodiment of the present invention has been described in detail

herein with reference to the accompanying drawings, -it is to be understood that the

present invention is not limited to the precise embodiment disclosed, and that various

changes and modifications to the invention are possible in light of the above teaching.

Accordingly, the scope of the present invention is to be defined by the claims appended

hereto.
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CLAIMS

What is claimed is:

1. A graphics processing circuit, comprising:

at least two graphics pipelines operative to process data in a corresponding

set of tiles of a repeating tile pattern, a respective one of the at least two graphics

pipelines operative to process data in a dedicated tile,

wherein the repeating tile pattern includes a horizontally and vertically

repeating pattern of square regions.

2. The graphics processing-circuit ofclaim 1, wherein the square regions

comprise a two dimensional partitioning of memory.

3. The graphics processing circuit of claim 2, wherein the memory is a frame

buffer. \

4. The graphics processing circuit ofclaim 1, wherein each of the at least two

graphics pipelines further includes front end circuitry operative to receive vertex data and

generate pixel data corresponding to a primitive to be rendered, and back end circuitry,

coupled to the front end circuitry, operative to receive and process a portion of the pixel

data.

5. The graphics processing circuit ofclaim 4, wherein each of the at least two

graphics pipelines further includes a scan converter, coupled to the back end circuitry,

operative to determine the portion of the pixel data to be processed by the back end

circuitry.

6. The graphics processing circuit of claim 1, wherein each tile of the set of tiles

filrther comprises a 16x16 pixel array.

7. The graphics processing circuit of claim 4, wherein the at least two graphics

pipelines separately receive the pixel data from the front end circuitry.

16



0024

.v I:.-.-- :--s.- "*7! 3-1: "vs-
-. :m..r r

n‘

8. The graphics processing circuit ofclaim 4, wherein the at least two graphics

pipelines are on multiple chips.

9. The graphics processing circuit ofclaim 1, further including a memory

controller coupled to the at least two graphics pipeline, operative to transfer pixel data

between each of the first pipeline and the second pipeline and a memory.

10. The graphics processing circuit of claim 4, wherein a first of the at least two

graphics pipelines processes the pixel data only in a first set of tiles in the repeating tile

pattern.

1]. The graphics processing circuit of claim 10, wherein the first of the at least

two graphics pipelines further includes a scan converter, coupled to the front end circuitry

and the back end circuitry, operative to provide position coordinates ofthe pixels within

the first set of tiles to be processed by the back end circuitry, the scan converter including

a pixel identification line for rcceivingtile identification data indicating which of the set

of tiles is to be processed by the back end circuitry.

12. The graphics processing circuit of claim 1, wherein a second of the at least

two graphics pipelines processes the pixel data only in a second set of tiles in the

repeating tile pattern.

13. The graphics processing circuit of claim 12, wherein the second of the at least

two graphics pipelines further includes a scan converter, coupled to the front end circuitry

and the back end circuitry, operative to provide position coordinates of the pixels within

the second set of tiles to be processed by the back end circuitry, the scan converter

including a pixel identification line for receiving tile identification data indicating which

of the set of tiles is to be processed by the back end circuitry.
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14. The graphics processing circuit ofclaim 1 including a third graphics pipeline

and a fourth graphics pipeline, wherein the third graphics pipeline includes front end

circuitry operative to receive vertex data and generate pixel data corresponding to a

primitive to be rendered, and back end circuitry, coupled to the front end circuitry,

operative to receive and process the pixel data in a third set of tiles in the repeating tile

pattern, and wherein the fourth graphics pipeline includes front end circuitry operative to

receive vertex data and generate pixel data corresponding to a primitive to be rendered,

and back end circuitry, coupled to the front end circuitry, operative to receive and process

the pixel data in a fourth set oftiles in the repeating tile pattern.

15. The graphics processing circuit ofclaim 14, wherein the third graphics

pipeline further includes a scan converter, coupled to the front end circuitry and the back

end circuitry, operative to provide position coordinates of the pixels within the third set

of tiles to be processed by the back end circuitry, the scan converter including a pixel

identification line for receiving tile identification data indicating which of the sets of tiles

is to be processed by the back end circuitry.

16. The graphics processing circuit of claim 14, wherein the fourth graphics

pipeline further includes a scan converter, coupled to the front end circuitry and the back

end circuitry, operative to provide position coordinates of the pixels within the fourth set

of tiles to be processed by the back end circuitry, the scan converter including a pixel

identification line for receiving tile identification data indicating which of the sets of tiles

is to be processed by the back end circuitry.

17. The graphics processing circuit of claim 14, wherein the third and fourth

graphics pipelines are on separate chips.

18. The graphics processing circuit of claim 14, further including a bridge

operative to transmit vertex data to each of the first, second, third and fourth graphics

pipelines.
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19. The graphics processing circuit ofclaim 17 wherein the data includes a

polygon and wherein each separate chip creates a bounding box around the polygon and

wherein each corner ofthe bounding box is checked against a super tile that belongs to

each separate chip and wherein if the bounding box does not overlap any of the super

tiles associated with a separate chip, then the processing circuit rejects the whole polygon

and processes a next one.

20. A graphics processing method, comprising:

receiving vertex data for a primitive to be rendered;

generating pixel data in response to the vertex data;

determining the pixels within a set of tiles of a repeating tile pattern

to be processed by a corresponding one of at least two graphics pipelines in response to

the pixel data, the repeating tile pattern including a horizontally and vertically repeating

pattern of square regions; and

performing pixel operations on the pixels within the determined set of tiles

by the corresponding one of the at least two graphics pipelines.

21. The graphics processing method ofclaim 20, wherein detennining the pixels

within a set of tiles of the repeating tile pattern to be processed further comprises

determining the set of tiles that the corresponding graphics pipeline is responsible for.

22. The graphics processing method of claim 20, wherein determining the pixels

within a set of tiles of the repeating tile pattern to be processed further comprises

providing position coordinates of the pixels within the determined set of tiles to be

processed to the corresponding one of the at least two graphics pipelines.

23. The graphics processing method of claim 20, further comprising transmitting

the processed pixels to memory.
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24. A graphics processing circuit, comprising:

firont end circuitry operative to generate pixel data in response to primitive

data for a primitive to be rendered;

first back end circuitry, coupled to the front end circuitry, operative to

process a first portion of the pixel data in response to position coordinates;

a first scan converter, coupled between the front end circuitry and the fust

back end circuitry, operative to determine which set of tiles of a repeating tile pattern are

to be processed by the first back end circuitry, the repeating tile pattern including a

horizontally and vertically repeating pattern of square regions, and operative to provide

the position coordinates to the first back end circuitry in response to the pixel data;

second back end circuitry, coupled to the front end circuitry, operativeto

process a second portion of the pixel data in response to position coordinates;

a second scan converter, coupled between the front end circuitry and the

second back end circuitry, operative to determine which set of tiles or the repeating tile

pattern are to be processed by the second back end circuitry, and operative to provide the

position coordinates to the second back end circuitry in response to the pixel data; and

a memory controller, coupled to the first and second back end circuitry.

operative to receive transmit and receive the processed pixel data.



0028

DIVIDING WORK AMONG MULTIPLE GRAPHICS PIPELINES USING A

SUPER-TILING TECHNIQUE

ABSTRACT

A graphics processing circuit includes at least two pipelines operative to process

data in a corresponding set of tiles ofa repeating tile pattern, a respective one of the at

least two pipelines operative to process data in a dedicated tile, wherein the repeating tile

pattern includes a horizontally and vertically repeating pattern of square regions. A

graphics processing method includes receiving vertex data for a primitive to be rendered;

generating pixel data in response to the vertex data; determining the pixels within a set of

tiles of a repeating tile pattern to be processed by a corresponding one of at least two

graphics pipelines in response to the pixel data, the repeating tile pattern including a

horizontally and vertically repeating pattern of square regions; and performing pixel

operations on the pixels within the deten-nined set of tiles by the corresponding one of the

at least two graphics pipelines.
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Office Action Summary Examine, M uni,

- The iliAii.iNG DA TE of this communication appears on the cover sheet with the correspondence address -

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY iS SET TO EXPIRE Q MONTH(S) FROM.
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of tine may be available under the provisions of 3? CFR 1.1a6(a). In no event, however. may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days. a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO penod for reply is specified above. the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date oi this communication,
- Failure to reply within the set or extended period for reply will. by statute. cause the application to become ABANDONED (35 use. § 133).

Any reply received by the Office later than three months after the mailing date of this communication. even if timely filed. may reduce any
earned patent term adjustment. See 37 CFR 1.70it{b).

status

1)I:I Responsive to cornmunication(s) filed on ____

2a)EI This action is FINAL. 2b)E This action is non-final.

3)|j Since this application is in condition for allowance except for formal matters. prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11 . 453 O.G. 213.

Disposition of Claims

4)|Z| Claim(s)1 isiare pending in the application.

4a) Of the above claim(s) __ isiare withdrawn from consideration.

5)|:| CIaim(s)i isiere allowed.

6)E Claims) 1-35 isfare rejected.

7) Claims) 9 and 24 isfare objected to.

8)l:i Claimtsl are subject to restriction andior election requirement.

Application Papers

9)I:I The specification is objected to by the Examiner.

10)Ci The drawing(s) filed on __ isiare: a)|:I accepted or b)l:] objected to by the Examiner.

Applicant may not request that any objection to the drawingts) be held in abeyanoe. See 3? CFR 1.85ta).

Replacement drawing sheetlsi including the correction is required if the drawingts) is objected to. See 37 CFR 1.121(d).

11)|:] The oath or declaration is objected to by the Examiner. Note the attached Offioe Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[:] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a}[:] All b)l:[ some ‘ c)l:] None of:

1.l:I Certified copies of the priority documents have been received.

2.[:| Certified copies of the priority documents have been received in Application No._.

3.I:I Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

’ See the attached detailed Office action for a list of the certified copies not received.

Attachrnentisi

1) E Notice of References Cited (PTO-892) 4} I] Interview Summary (PTO-413}
2} E] Notice of Draitspersclrs Patent Drawing Review {PTO-948) PEPSI‘ N0(5iFMai| Date. .
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u.s. Pelerltend Tradevnarir once
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DETAILED ACTION

Claim Objections

1. Claim 9 objected to because ofthe following informalities: In line 6 on page 17, .the

claim states “two graphics pipeline” where it should state “two graphics pipelines". Appropriate

correction is required.

2. Claim 24 objected to because of the following inforrnalities: In lines 14-15 on page 20,

the claim states “set of tiles or the repeating tile pattern" where it should state “set of tiles ofthe

repeating tile pattern”. _ In line 18 on page 20, the claim states “receive transmit and receive”

where it should state “transmit and receive”. Appropriate correction is required.

Claim Rejections - 35 USC § 112

The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and

distinctly claiming the subject matter which the applicant regards as his invention.

4. Claims 9, 12, and 13 are rejected under 35 U.S.C. 112, second paragraph, as being '

indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention.

Claim 9 recites the limitation "the first pipeline" and “the second pipeline”. There is

insufficient antecedent basis for this limitation in the claim.
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Claim 12 recites the limitation "the pixel data". There is insufficient antecedent basis for

this limitation in the claim.

Claim 13 recites the limitation "the front end circuitry" and “the back end circuitry”.

There is insufficient antecedent basis for this limitation in the claim.

Claim Rejections - 35 USC§ I03

5. The following is a quotation of 35 U.S.C. 10301) which forms the basis for all

obviousness rejections set forth in this Oflice action:

(a) A patent may not be obtained though the invention is not identically disclosed or

described as set forth in section 102 of this title, if the differences between the subject

matter sought to be patented and the prior art are such that the subject matter as a whole

would have been obvious at the time the invention was made to a person having ordinary

skill in the art to which said subject matter pertains. Patentability shall not be negatived

by the manner in which the invention was made.

6. The factual inquiries set forth in Graham V. John Deere Co., 383 U.S. 1, 148 USPQ 459

(1966), that are applied for establishing a background for determining obviousness under 35

U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.

Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating obviousness
or nonobviousness.

7. Claims 1-8, 10-18, and 20-23 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Migdal (US006762763Bl) in view of Heirich (US0067S3878B1), further in view of Duffy

(USO05 179640A).
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8. With regard to Claim 1, Migdal describes a graphics processing circuit, comprising a

graphics pipeline (Col. 1, line 66-Col. 2, line 17) operative to process data in a corresponding set

of tiles, the graphics pipeline operative to process data in a dedicated tile (Col. 8, lines 20-23).

However, Migdal does not teach that there are at least two graphics pipelines and each

graphics pipeline processes data in a dedicated tile. However, Heirich describes multiple

graphics pipelines (22, 24, Figure 1; Col. 5, lines 31-33) and each graphics pipeline processes

data in a dedicated part of the image (PI, Col. 6, lines 1-6).

It would have been obvious to one of ordinary skill in this art at the time of invention by

applicant to modify the device ofMigdal so that there are at least two graphics pipelines and

each graphics pipeline processes data in a dedicated tile as suggested by Heirich. Heirich

suggests that it is advantageous to use multiple graphics pipelines because each pipeline can

work on a different process or part of the image without waiting for the other processes to finish

first (Col. 2, lines 24-39), so using multiple graphics pipelines speeds up the processing

operation.

However, Migdal and Heirich do not teach a repeating tile pattern, wherein the repeating

tile pattern includes a horizontally and vertically repeating pattern of square regions. However,

Duffy describes a repeating tile pattern, wherein the repeating tile pattern includes a horizontally

and vertically repeating pattern of square regions (Col. 3, line 6'7-Col. 4, line 4; Col. 4, lines 31-

32; Col. 5, lines l7-20).

It would have been obvious to one of ordinary skill in this art at the time of invention by

applicant to modify the devices ofMigdal and Heirich to include a repeating tile pattern, wherein

the repeating tile pattern includes a horizontally and vertically repeating pattern of square regions
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as suggested by Duffy because Duffy suggests that rather than generating an entire simulated

halftone screen for each process color of an image, which takes up substantial additional

computing power, a set of rectangular repeating patterns can be stored and retrieved for use in

filling incremental regions of the image (Col. 3, line 63-Col. 4, line 4).

'9. With regard to Claim 2, Migdal describes that the square regions comprise a two

dimensional partitioning ofmemory (Col. 7, lines 63-65).

10. With regard to Claim 3, Migdal describes that the memory is a flame buffer (Col. 5, lines

63-67).

1 1. With regard to Claim 4, Migdal describes that the graphics pipeline further includes front

end circuitry (105, Figure 1) operative to receive vertex data and generate pixel data

corresponding to a primitive to be rendered (Col. 4, lines 46-51; Col. 5, lines 39-41', Col. 8, lines

1?-19), and back end circuitry (108), coupled to the front end circuitry, operative to receive and

process a portion of the pixel data (Col. 4, lines 46-51).

However Migdal does not teach that there are two graphics pipelines operative to receive

and process a portion of the pixel data. However, Heirich describes multiple graphics pipelines

(22, 24, Figure 1; Col. 5, lines 31-33) operative to receive and process a portion of the pixel data

(PI, Col. 6, lines 1-6), as discussed in the rejection for Claim 1.
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12. With regard to Claim 5, Migdal describes that the graphics pipeline further includes a

scan converter (602, Figure 6), coupled to the back end circuitry (603-615), operative to

determine the portion of the pixel data to be processed by the back end circuitry (Col. 8, lines 7-

19).

However Migdal does not teach that there are two graphics pipelines. However, Heirich

describes multiple graphics pipelines (22, 24, Figure 1; Col. 5, lines 31-33), as discussed in the

rejection for Claim 1.

13. With regard to Claim 6, Migdal describes that each tile of the set of tiles further

comprises a 16x16 pixel array (Col. 7, lines 63-65).

14. With regard to Claim 7, Migdal does not teach that the at least two graphics pipelines

separately receive the pixel data from the front end circuitry. However, Heirich describes that

the at least two graphics pipelines (22, 24, Figure 1) separately receive the pixel data (PI) from

the fiont end circuitry (22) (C01. 6, lines 1-6).

It would have been obvious at the time of invention by applicant to modify the device of

Migdal so that the at least two graphics pipelines separately receive the pixel data from the front

end circuitry as suggested by Heirich. Since Heirich describes using multiple graphics pipelines,

each graphics pipeline must inherently separately receive the pixel data from the front end

circuitry. The advantages of using multiple graphics pipelines were discussed in the rejection for

Claim 1.
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15. With regard to Claim 8, Migdal does not teach that the at least two graphics pipelines are

on multiple chips. However, Heirich describes multiple graphics pipelines and that each

graphics pipeline can be on a separate workstation (Figure 4; Col. 16, lines 53-59). Since the

graphics pipelines are on separate workstations, the graphics pipelines must inherently be on

multiple chips.

It would have been obvious at the time of invention by applicant to modify the device of

Migdal so that the at least two graphics pipelines are on multiple chips as suggested by Heirich

because Heirich suggests the advantage ofbeing able to put the different chips on different

workstations. In this configuration, oft”-the-shelf workstations and graphics accelerator cards can

be used for image generation, which greatly reduces the cost of the'system. The marginal costs

of the image generation process might be reduced even further if the workstations and graphics

accelerators are used for other purposes (Col. 16, lines 41-46).

16. With regard to Claim 10, Migdal does not teach that a first of the at least two graphics

pipelines processes the pixel data only in a first set of tiles in the repeating tile pattern. However,

Heirich describes multiple graphics pipelines (22, 24, Figure l), and each graphics pipeline

processes only a part of an image (PI-; Col. 6, lines 1-6). Therefore, Heirich describes that a first

ofthe at least two graphics pipelines processes the pixel data only in a first set of tiles.

However, Migdal and Heirich do not teach a repeating tile pattern. However, Duffy

describes a repeating tile pattern (Col. 4, lines 26-53; Col. 5, lines 17-20), as discussed in the

rejection for Claim 1.
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17. With regard to Claim 1 1, Migdal describes that the graphics pipeline fiirther includes a

scan converter (602, Figure 6), coupled to the fi'ont end circuitry (105, Figure 1) and the back

end circuitry (603-615, Figure 6), operative to provide position coordinates of the pixels within

the first set of tiles to be processed by the back end circuitry (Col. 8, lines 17-19). The scan

converter provides position coordinates to the texture request generator (603). From these

position coordinates, the texture request generator knows which of the set of tiles is to be

processed by the back end circuitry and generates the required tile addresses for theses tiles (Col.

8, lines 17-23). Therefore, the scan converter must inherently include a pixel identification line

for receiving tile identification data indicating which of the set of tiles is to be processed by the

back end circuitry.

However Migdal does not teach that there are two graphics pipelines. However, Heirich

describes multiple graphics pipelines (22, 24, Figure 1; Col. 5, lines 31-33), as discussed in the

rejection for Claim 1.

18. With regard to Claim 12, Claim 12 is similar in scope to Claim 10, and therefore is

rejected under the same rationale.

19. With regard to Claim 13, Claim 13 is similar in scope to Claim 11, and therefore is

rejected under the same rationale.

20. With regard to Claim 14, Migdal describes a graphics pipeline (Col. 1, line 66—Col. 2, line

17) including front end circuitry (105, Figure 1) operative to receive vertex data and generate
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pixel data corresponding to a primitive to be rendered (Col. 4, lines 46-51; Col. 5, lines 39-41;

Col. 8, lines 17-19), and back end circuitry (108), coupled to the front end circuitry, operative to

receive and process the pixel data in a set of tiles in the repeating tile pattern (Col. 4, lines 46-

5 1).

However, Migdal does not teach a third graphics pipeline and a fourth graphics pipeline.

However, Heirich describes multiple graphics pipelines (22, 24, Figure 1; Col. 5, lines 31~33), as

discussed in the rejection for Claim 1. Heirich also describes that each pipeline processes the

pixel data only in one set of tiles in the repeating tile pattem, as discussed in the rejection for

Claim 10.

However, Migdal and Heirich do not teach a repeating tile pattern. However, Duffy

describes a repeating tile pattern (Col. 4, lines 26-53; Col. '5, lines 17-20), as discussed in the

rejection for Claim 1.

21. With regard to Claim 15, Claim 15 is similar in scope to Claim 1 1, and therefore is

rejected under the same rationale.

22'. with regard to Claim 16, Claim 16 is similar in scope to Claim 11, and therefore is

rejected under the same rationale.

23. With regard to Claim 17, Claim 17 is similarin scope to Claim 8, and therefore is

rejected under the same rationale.
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24. With regard to Claim 18, Migdal does not teach a bridge operative to transmit vertex data

to each of the first, second, third and fourth graphics pipelines. However, Heirich describes a

bridge (20, Figure 1) operative to transmit vertex data to each of the first, second, third and

fourth graphics pipelines (22) (Col. 5, lines 45-50).

It would have been obvious to one ofordinary skill in this art at the time of invention by

applicant to modify the device of Migdal to include a bridge operative to transmit vertex data to

each of the first, second, third and fourth graphics pipelines as suggested by Heirich because

Heirich suggests the advantage ofbeing able to distribute all of the vertex data at once (Col. 5,

lines 53-58). The advantages ofhaving multiple graphics pipelines were discussed in the

rejection for Claim 1.

25. With regard to Claim 20, Migdal describes a graphics processing method, comprising

receiving vertex data for a primitive to be rendered; generating pixel data in response to the

vertex data (Col. 4, lines 46-51); determining the pixels within a set of tiles to be processed by a

the graphics pipeline in response to the pixel data; and performing pixel operations on the pixels

within the determined set of tiles by the graphics pipeline (Col. 8, lines 6-23).

However, Migdal does not teach a repeating tile pattern including a horizontally and

vertically repeating pattern of square regions. However, Duffy describes a repeating tile pattern

including a horizontally and vertically repeating pattern of square regions (Col. 4, lines 26-53;

Col. 5, lines 17-20) as discussed in the rejection for Claim 1.



0057

App|icatiom’Control Number: 10!459.79? Page 11

Art Unit: 2676

However, Migdal and Duffy do not teach two graphics pipelines. However, Heirich

describes multiple graphics pipelines (22, 24, Figure 1; Col. 5, lines 31-33), as discussed in the

rejection for Claim 1.

26. With regard to Claim 21, Migdal does not teach that determining the pixels within a set

of tiles of the repeating tile pattern to be processed further comprises determining the set of tiles

that the corresponding graphics pipeline is responsible for. However, Heirich describes multiple

graphics pipelines (22, 24, Figure 1), and each graphics pipeline processes only a part of an

image (PI, Col. 6, lines 1-6), as discussed in the rejection for Claim 10. Therefore, Heirich

inherently teaches determining the pixels within a set of tiles to be processed further comprises

determining the set of tiles that the corresponding graphics pipeline is responsible for.

However, Migdal and Heirich do not teach a repeating tile pattern. However, Duffy

describes a repeating tile pattern (Col. 4, lines 26-53; Col. 5, lines 17-20), as discussed in the

rejection for Claim 1.

27. With regard to Claim 22, Migdal describes determining the pixels within a set of tiles to

be processed further comprises providing position coordinates of thepixels within the

determined set of tiles to be processed to the graphics pipeline (Col. 8, lines 17-23).

However, Migdal does not teach a repeating tile pattern. However, Duffy describes a

repeating tile pattern (Col. 4, lines 26-53; Col. 5, lines 17-20), as discussed in the rejection for

Claim 1.



0058

Applicationfcontrol Number: 10l459,797 Page 12

Art Unit: 2676

However, Migdal and Duffy do not teach two graphics pipelines. However, I-leirich

describes multiple graphics pipelines (22, 24, Figure 1; Col. 5, lines 31-33), as discussed in the

rejection for Claim 1.

28. With regard to Claim 23, Migdal describes transmitting the processed pixels to memory

(109, Figure 1; Col. 8, line 48-Col. 9, line 3).

29. Claim 9 rejected under 55 U.S.C. 103(a) as being unpatentable over Migdal

(US006762763Bl) in view of Heirich (US006753878Bl), further in view of Duffy

(USO05 l79640A), further in view ofWang (US006l84906B 1).

Migdal, I-Ieirich, and Duffy relied upon for the teachings as discussed above relative

to Claim 1.

However, Migdal, Heirieh, and Duffy do not teach a memory controller coupled to the at

least two graphics pipelines, operative to transfer pixel data between each ofthe first pipeline

and the second pipeline and a memory. However, Wang describes a memory controller (28,

Figure 2) coupled to the at least two graphics pipelines, operative to transfer pixel data between

each of the first pipeline and the second pipeline and a memory (60) (C01. 3, lines 55-58).

It would have been obvious to one of ordinary skill in this art at the time ofinvention by

applicant to modify the devices ofMigdal, Heirich, and Duffy to include a memory controller

coupled to the at least two graphics pipelines, operative to transfer pixel data between each of the

_ first pipeline and the second pipeline and a memory as suggested by Wang because Wang
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suggests the advantage of improving the speed of operation and allowing for a single memory

clock cycle readfwrite operation (Col. 1, lines 51-55).

30. Claim 19 rejected under 35 U.S.C. 103(3) as being unpatentable over Migda]

(US006?62763Bl) in view ofHeirieh (US006753878B1), fiirther in view ofDuffy

(US005179640A), further in view of Kent (US 20030164830A1).

Migdal, Heirich, and Duffy are relied upon for the teachings as discussed above relative

to Claim 17.

However, Migdal, Heirich, and Duffy do not teach that the data includes a polygon and .

wherein each separate chip creates a bounding box around the polygon and wherein each comer

of the bounding box is checked against a super tile that belongs to each separate chip [0010,

0012] and wherein if the bounding box does not overlap anyof the super tiles associated with a

separate chip, then the processing circuit rejects the whole polygon and processes a next one.

However, Kent describes the data includes a polygon [0006] and wherein each separate chip

creates a bounding box around the polygon and wherein each comer of the bounding box is

checked against a super tile that belongs to each separate chip and wherein if the bounding box

does not overlap any ofthe super tiles associated with a separate chip, then the processing circuit

rejects the whole polygon and processes a next one [(1129, 0144].

It would have been obvious to one of ordinaty skill in this art at the time of invention by

applicant to modify the devices of Migdal, Heirich, and Duffy so that the data includes a polygon

and wherein each separate chip creates a bounding box around the polygon and wherein each

corner of the bounding box is checked against a super tile that belongs to each separate chip and
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wherein if the bounding box does not overlap any ofthe super tiles associated with a separate

chip, then the processing circuit rejects the whole polygon and processes a next one as suggested

by Kent because Kent suggests the advantage ofbeing able to determine if a polygon is within

the super tiles associated with a separate chip [0129, 0144]. This is needed in order for each

separate chip to only process the pixel data in one set of tiles, as discussed in the rejections for

Claims 8 and 10.

31. Claim 24 rejected under 35 U.S.C. 103(a) as being unpatentable over Migdal

(USOO6762763Bl) in view ofDuffy (USOOS179640A), finther in view of Morgan

(US006714203B1), further in view of Wang (U80061 8490631).

Migdal describes a graphics processing circuit, comprising front end circuitry (105,

Figure 1) operative to generate pixel data in response to primitive data for a primitive to be

rendered (Col. 4, lines 46-51; Col. 5, lines 39-41; Col. 8, lines 17-19); first back end circuitry

(108), coupled to the front end circuitry, operative to process a first portion of the pixel data in

response to position coordinates (Col. 8, lines 20-23); a first scan converter (602, Figure 6),

coupled between the front end circuitry and the first back end circuitry, operative to determine

which set of tiles are to be processed by the first back end circuitry, and operative to provide the

position coordinates of the first back end circuitry in response to the pixel data (Col. 8, lines 7-

23).

However, Migdal does not teach a repeating tile pattern including a horizontally and

vertically repeating pattern of square regions. However, Duffy describes a repeating tiie pattern

(Col. 4, lines 26-53; Col. 5, lines 17-20), as discussed in the rejection for Claim 1.
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However, Migdal and Duffy do not teach a second back end circuit1'y- However, Morgan

describes a front end circuitry (202, Figure 2) coupled to multiple back end circuitries (208, 210)

(Col. 3, lines 41-42).

It would have been obvious to one of ordinary skill in this art at the time of invention by

applicant to modify the devices of Migdal and Duffy to include a second back end circuitry as

suggested by Morgan because Morgan suggests that it is simpler to have one front-end circuitry

as a data communications interface for the image generation system (Col. 3, lines 32-34) and

couple the one front-end circuitry to multiple back end circuitries. The multiple back-end

circuitries are for multiple graphics pipelines. The advantages ofhaving multiple graphics

pipelines were discussed in the rejection for Claim 1.

However, Migdal, Duffy, and Morgan do not teach a memory controller, coupled to the

first and second back end circuitry, operative to transmit and receive the processed pixel data.

However, Wang describes a memory controller (28, Figure 2), coupled to multiple pipelines or

the first and second back end circuitry, operative to transmitand receive the processed pixel data

(Col. 3, lines 55-58), as discussed in the rejection for Claim 9.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Joni Hsu whose telephone number is 703-305-4418. The

examiner can normally be reached on M-F Sam-5pm.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Matthew C. Bella can be reached on 703-308-6829. The fax phone number for the

organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see httptlfpair-dircct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (BBC) at 866-217-9197 (toll-fiee).
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Amendments to the Specification:

Please replace paragraph [0046] with the following amended paragraph:

[0046] The bounding boxes’ four comers are mapped to the tile pattern, simply by

discarding the lower bits of X & Y. The four corners map to the same or different tiles. If they

all map to the same tile, then only the pipeline that is associated with that tile receives the

polygon. If it maps to only tiles that are associated with only one pipeline, then again only that

pipeline receives the polygon. If it maps to tiles that are associated with multiple pipelines, then

the entire polygon is sent to all pipelines. In flourflfi implementation, we—breaeleast the

polygon is broadcast to all pipelines, masking the pipelines that should not receive it.

Consequently, polygons can be sent to only one pipe or up to all the pipes, depending on the

coverage of the tiles by the polygon.

CHlCAG('Jl#l 345739. I
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Amendments to the Claims:

Re-write the claims as set forth below. This listing of claims will replace all prior versions and

listings, of claims in the application:

Listing of Claims:

1. (original) A graphics processing circuit, comprising:

at least two graphics pipelines operative to process data in a corresponding set of tiles of

a repeating tile pattem, a respective one of the at least two graphics pipelines operative to

process data in a dedicated tile,

wherein the repeating tile pattern includes a horizontally and vertically repeating pattern

of square regions.

2. (original) The graphics processing circuit of claim 1, wherein the square regions

comprise a two dimensional partitioning of memory.

3. (original) The graphics processing circuit of claim 2, wherein the memory is a frame

buffer.

4. (original) The graphics processing circuit of claim 1, wherein each of the at least two

graphics pipelines further includes front end circuitry operative to receive vertex data and

generate pixel data corresponding to a primitive to be rendered, and back end circuitry, coupled

to the front end circuitry, operative to receive and process a portion of the pixel data.

CHICAGOMI 345739. I
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5. (original) The graphics processing circuit of claim 4, wherein each of the at least two

graphics pipelines further includes a scan converter, coupled to the back end circuitry. Operative

to determine the portion of the pixel data to be processed by the back end circuitry.

6. (original) The graphics processing circuit of claim 1, wherein each tile of the set of

tiles further comprises a 16x16 pixel array.

7. (original) The graphics processing circuit of claim 4, wherein the at least two graphics

pipelines separately receive the pixel data from the front end circuitry.

8. (original) The graphics processing circuit of claim 4, wherein the at least two graphics

pipelines are on multiple chips.

9. (currently amended) The graphics processing circuit of claim 1, further including a

memory controller coupled to the at least two graphics pipeiinepipelines, operative to transfer

pixel data between each of [[the]]z_t first pipeline and [[the]]g second pipeline and a memory.

10. (original) The graphics processing circuit of claim 4, wherein a first of the at least

two graphics pipelines processes the pixel data only in a first set of tiles in the repeating tile

pattern.

11. (original) The graphics processing circuit of claim 10, wherein the first of the at

least two graphics pipelines further includes a scan converter, coupled to the front end circuitry

and the back end circuitry, operative to provide position coordinates of the pixels within the first

4
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0067

set of tiles to be processed by the back end circuitry, the scan converter including a pixel

identification line for receiving tile identification data indicating which of the set of tiles is to be

processed by the back end circuitry.

12. (currently amended) The graphics processing circuit of claim 1, wherein a second of

the at least two graphics pipelines processes the [[pixel]] data only in a second set of tiles in the

repeating tile pattern.

13. (currently amended) The graphics processing circuit of claim 12, wherein the second

of the at least two graphics pipelines further includes a scan converter, coupled to [[the]] Front

end circuitry and [[the}] back end circuitry, operative to provide position coordinates of the

pixels within the second set of tiles to be processed by the back end circuitry. the scan converter

including a pixel identification line for receiving tile identification data indicating which of the

set of tiles is to be processed by the back end circuitry.

14. (original) The graphics processing circuit of claim 1 including a third graphics

pipeline and a fourth graphics pipeline, wherein the third graphics pipeline includes front end

circuitry operative to receive vertex data and generate pixel data corresponding to a primitive to

be rendered, and back end circuitry, coupled to the front end circuitry, operative to receive and

process the pixel data in a third set of tiles in the repeating tile pattern, and wherein the fourth

graphics pipeline includes front end circuitry operative to receive vertex data and generate pixel

data corresponding to a primitive to be rendered, and back end circuitry, coupled to the front end

circuitry, operati ve to receive and process the pixel data in a fourth set of tiles in the repeating

tile pattern.

CHlCAG01#l345T39. I
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15. (original) The graphics processing circuit of claim 14, wherein the third graphics

pipeline further includes a scan converter, coupled to the front end circuitry and the back end

circuitry, operative to provide position coordinates of the pixels within the third set of tiles to be

processed by the back end circuitry, the scan converter including a pixel identification line for

receiving tile identification data indicating which of the sets of tiles is to be processed by the

back end circuitry.

16. (original) The graphics processing circuit of claim 14, wherein the fourth graphics

pipeline further includes a scan converter, coupled to the front end circuitry and the back end

circuitry, operative to provide position coordinates of the pixels within the fourth set of tiles to

be processed by the back end circuitry, the scan converter including a pixel identification line for

receiving tile identification data indicating which of the sets of tiles is to be processed by the

back end circuitry.

17. (original) The graphics processing circuit of claim 14, wherein the third and fourth

graphics pipelines are on separate chips.

18. (original) The graphics processing circuit of claim 14, further including a bridge

operative to transmit vertex data to each of the first, second, third and fourth graphics pipelines.

19. (original) The graphics processing circuit of claim 17 wherein the data includes a

polygon and wherein each separate chip creates a bounding box around the polygon and wherein

each corner of the bounding box is checked against a super tile that belongs to each separate chip

6
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and wherein if the bounding box does not overlap any of the super tiles associated with a

separate chip, then the processing circuit rejects the whole polygon and processes a next one.

20. (original) A graphics processing method, comprising:

receiving vertex data for a primitive to be rendered;

generating pixel data in response to the vertex data;

determining the pixels within a set of tiles of a repeating tile pattern

to be processed by a corresponding one of at least two graphics pipelines in response to the pixel

data, the repeating tile pattern including a horizontally and vertically repeating pattern of square

regions; and

performi ng pixel operations on the pixels within the determined set of tiles by the

corresponding one of the at least two graphics pipelines.

21. (original) The graphics processing method of claim 20, wherein determining the

pixels within a set of tiles of the repeating tile pattern to be processed further comprises

determining the set of tiles that the corresponding graphics pipeline is responsible for.

22. (original) The graphics processing method of claim 20, wherein determining the

pixels within a set of tiles of the repeating tile pattern to be processed further comprises

providing position coordinates of the pixels within the determined set of tiles to be processed to

the corresponding one of the at least two graphics pipelines.

23. (original) The graphics processing method of claim 20, further comprising

transmitting the processed pixels to memory.

CHlCAGO.i‘#l3-£5789. I
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24. (currently amended) A graphics processing circuit, comprising:

front end circuitry operative to generate pixel data in response to primitive data for a

primitive to be rendered;

first back end circuitry, coupled to the front end circuitry, operative to process a first

portion of the pixel data in response to position coordinates;

a first scan converter. coupled between the front end circuitry and the first back end

circuitry, operative to determine which set of tiles of a repeating tile pattern are to be processed

by the first back end circuitry, the repeating tile pattern including a horizontally and vertically

repeating pattern of square regions, and operative to provide the position coordinates to the first

back end circuitry in response to the pixel data;

second back end circuitry, coupled to the front end circuitry, operative to process a

second portion of the pixel data in response to position coordinates;

a second scan converter, coupled between the front end circuitry and the second back end

circuitry, operative to determine which set of tiles [[or]]o_f the repeating tile pattern are to be

processed by the second back end circuitry, and operative to provide the position coordinates to

the second back end circuitry in response to the pixel data; and

a memory controller, coupled to the first and second back end circuitry. operative to

receive transmit and receive the processed pixel data.

25. (new) A graphics processing circuit, comprising:

at least two graphics pipelines operative to process data in a corresponding set of tiles a

repeating tile pattern, a respective one of the at least two graphics pipelines operative to process

CI-lICAGCV#l34§ 739. I
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data in a dedicated tile, wherein the repeating tile pattern includes a horizontally and vertically

repeating pattern of regions.

26. (new) The graphics processing circuit of claim 25 wherein the horizontally and

vertically repeating pattern of regions include NXM number of pixels.

CH|CAGO!#I345'J39. I
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REMARKS

Applicants respectfully traverse and request reconsideration.

Claims 9 and 24 are objected to due to typographical errors. These errors have been

corrected.

Claims 9, 12 and 13 stand rejected under 35 U.S.C. §112, 2nd paragraph, as being

indefinite clue to antecedent discrepancies caused by typographical errors. Applicants have

corrected typographical errors and as such, this rejection is respectfully requested to be

withdrawn.

Claims 1-8, 10-18, 20-23 stand rejected under 35 U.S.C. §103(a) as being unpatentable

over Migdal in view of Hcirich further in View of Duffy. Applicants respectfully submit that the

Migdal reference actually teaches away from a multi-graphics pipeline structure and as such,

cannot render the claimed invention obvious. For example, the Migdal reference is directed to a

computer system having a distributed texture memory architecture to overcome problems

associated with parallel pipelined architectures. As specifically stated for example in column 2,

lines 26-27, Migdal states that there are several disadvantages with using a parallel pipelined

approach especially in the case when several pipelines perfonn parallel processing together in

order to generate a single frames worth of data. (See specifically, column 2, lines 31-33). Since

Applicants claim a multigraphics pipeline structure that processes data in sets of tiles in a frame,

Migdal teaches away from the claimed circuit. Moreover, the office action also admits that

Migdal does not teach that there are multiple graphics pipelines and wherein each graphics

pipeline processes data in a dedicated tile. As noted, Migdal actually teaches away from

Applicants’ claimed invention. (See for example, columns 2 and 3 of Migdal). Since the Migdal

reference teaches away from Applicants‘ claimed invention, the claims are in condition for

CH ICACI'OJ‘#134S'i'89. I



0073

allowance and that the combination of the cited references with Migdal does not render the

claims obvious.

In addition, the Duffy reference has been alleged to be properly combinable with Migdal

and I-Ieirich and is allegedly cited as describing a repeating tile pattern where the repeating tile

patterns include a horizontally and vertically repeating pattern of square regions (office action

citing column 3, lines 67 through column 4, line 4; column 4, lines 31-32; column 5, lines 17-

20). However, Applicants respectfully submit that the cited portions of Duffy actually teach a

completely different pattern than the repeating tile patterns that are processed by two graphics

pipelines wherein the repeating tile pattern includes horizontally and vertically repeating patterns

of regions as claimed. For example, the “repeating patterns” cited in the portions referenced in

the office action of Duffy, are actually pixel “fill” patterns used for dithering. (See for example,

column 3, lines 52-66). As such, the “repeating patterns" of tiles described in Duffy are actually

patterned wallpaper or filled patterns that are when displayed allow a person’s eye to blend

neighboring pixels of differing visual patterns.

In contrast. the “tiles” and “repeating tile pattern” of the claimed invention deal with

processing tiles that are used by graphics pipelines to process primitive data such as polygons to

generate pixels that are ultimately displayed. Accordingly, although some of the wording is

similar, the Duffy reference actually refers to a dithering halftone visual pattern of pixels

whereas Applicants’ claim is directed to tile processing using graphics pipelines. As such, upon

further investigation of Duffy, it appears that the Duffy reference may have been

misapprehended and actually teaches a different system from that described by Applicants and

accordingly. the claims are in condition for allowance.

The dependent claims add additional novel and non-obvious subject matter and are also

allowable for at least depending upon allowable base claims.

11
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As to claim 20, Applicants respectfully reassert the relevant remarks made above with

respect to claim 1 and as such, this claim is also allowable.

Claim 9 stands rejected under 35 U.S.C. §103(a) as being unpatentable over Migdal in

view of Heirich further in view of Duffy and in view of Wang. Applicants respectfully reassert

the relevant remarks made above with respect to the Migdal and Duffy reference and as such,

this claim is also believed to be in condition for allowance.

Claim 19 stands rejected under 35 U.S.C. §103(a) as being unpatentable over Migdal in

view of Heirich further in view of Duffy and in view of Kent. Applicants respectfully reassen

the relevant remarks made above with respect to the Migdal and Duffy reference and as such,

this claim is also in condition for allowance. In addition, this claim adds additional novel and

non-obvious subject matter and is also therefore allowable.

Claim 24 stands rejected under 35 U.S.C. §103(a) as being unpatentable over Migdal in

view of Duffy further in view of Morgan and in view of Wang. Applicants respectfully reassert

the relevant remarks made above with respect to the Migdal and Duffy reference and as such,

this claim is also believed to be in condition for allowance.

New claims 25 and 26 are also allowable for similar reasons stated above as the

references in combination do not teach or suggest the graphic pipelines and non-square tile

processing in horizontally and vertically repeating patterns as claimed.

CI-IICAGOJII I 345789. I
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Applicants respectfully submit that the claims are in condition for allowance and

respectfully request that a timely Notice of Allowance be issued in this case. The Examiner is

invited to contact the below-listed attorney if the Examiner believes that a telephone conference

will advance the prosecution of this application.

Respectfully submitted,

Date: " ¢"'C3 ah By:
Christo 1'1. Reckamp

Registration No. 34,414

Vedder, Price, Kaufman & Karnmholz, P.C.
222 N. LaSalle Street

Chicago, Illinois 60601

PHONE: (312) 609-7599

FAX: (312) 609-5005

13
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AMENDMENT AND RESPONSE

Christine A. Wright

Dear Sir:

In response to the Office Action mailed December 14, 2004, Applicants submit the

following Amendment and Response.

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins on page 3 of this
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Remarks begin on page 10 of this paper.
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DETAILED ACTION

Response to Amendment

1. In light of Applic_ant’s amendments to Claim 9, the objection to this claim has been

withdrawn.

2. In light of Applicant’s amendments to Claims 9, 12, and 13, the rejections of these claims

under 35 U.S.C. 112, 2"" paragraph have been withdrawn.

3. Applicant’s arguments, see page 12, filed March 14, 2005, with respect to Claim 19 have

been fully considered and are persuasive. The rejection under 35 U.S.C. l03(a) ofClaim 19 has

been withdrawn.

4. With regard to Claim 19, Applicant argues that this claim’ adds additional novel and non-

‘obvious subject matter and is also therefore allowable (page 12).

In reply, the Examiner agrees. The rejection under 35 U.S.C. 103 (a) ofClaim 19 has

been withdrawn.

5. Applicant's arguments with respect to claims 1-18 and 20-24 have been considered but

are moot in View of the new g1'ound(s) of rejection.
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6. Applicant's arguInents,'see pages 10-12, filed March 14, 2005, with respect to the

rejection(s) of clairn(s) 1-18 and 20-24 under 35 U.S.C. 103(a) have been fully considered and

are persuasive. Therefore, the rejection has been withdrawn: However, upon further

consideration, a new ground(s) ofrejection is made in view of Alcorn (USOOS 74S1l8A).

7. With regard to Claim 1, Applicant argues that the Migdal reference (US006762763Bl)

actually teaches away from a multi-graphics pipeline structureand as such, cannot render the

claimed invention obvious (pages 10-] 1). Applicant also argues that the “repeating patterns" of

tiles described in Duffy (US005 l79640A) are actually patterned wallpaper or filled patterns that

are when displayed allow a person’s eye to blend neighboring pixels ofdiffering visual patterns.

In contrast, the “tiles” and “repeating tile pattern” of the claimed invention deal with processing

tiles that are used by graphics pipelines to process primitive data such as polygons to generate

pixels that are ultimately displayed (page 11).

In reply, the Examiner agrees. However, new grounds ofrejection are made in view of

Alcom. Alcorn describes a graphics processing circuit (Col. 3, lines 58-60), comprising at least

two graphics pipelines (front end board 10, texture mapping board 12 andflame bzgfier board 14

each tspipetined and operates on multiple primitives simultaneously, Col. 6, lines 33-3 5; front

end board 10 includes three 3-D geometry acceterator chips 32A, 32B and 32C, a 2-D geometry

accelerator chip 34, Col. 6, lines 40-43) operative to process data in a corresponding set of tiles

(tiler, Col. 11, lines 8-31). Alcom describes mapping a texture to an object in a repeating

fashion, such that the texture is mapped to multiple portions of the object (Col. 11, lines 35-37).

Alcom describes having a wrapping feature for coordinates falling outside the boundary ofthe
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texture map, and pixels having S,T coordinates [10, 10] through (20, 20) would respectively map

to the texels at S,T coordinates [0, 0] through (10, 10) (C01. 11, lines 46-50). According to the

disclosure of this application, a repeating tile pattern means that the pixel data is repeated [0022],

and the pixel data includes appearance attributes such as texture [0003]. Therefore, A_lcorn

describes that the tiles have a repeating tile pattem, a respective one of the at least two graphics

pipelines operative to process data in a dedicated tile (titerprocesses data within the texture map,

Col. 1 1, lines 8-3 1 ;for example, texture is defined have .5’, T coordinates rangingfiom [0, 0]

through (I 0, I0), Col. _11, lines 37-39). Alcorn discloses that the repeating tile pattern includes a

horizontally and vertically repeating pattern of square regions (Col. 15, lines 44-57)-, as shown in

Figure 6.

8. With regard to_Claims 2-18 and 20-24, Applicant argues that these claims should be

‘allowed for the same reasons given above (pages 11-12).

In reply, the Examiner disagrees for the same reasons given above.

9. With regard to Claims 25 and 26, Applicant argues that the references in combination do

not teach or suggest the graphic pipelines and non-square tile processing in horizontally and

vertically repeating patterns as claimed (page 12).

In reply, the Examiner agrees. However, new grounds of rejection are made in view of

Alcorn, as discussed above. According to the disclosure of this application, the NxM format for

the tile sizes are 8x8, 16x16, or 32x32 [0043], so the invention deals with square tile processing.

Alcorn discloses that the repeating tile pattern includes a horizontally and vertically repeating
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pattern of square regions (Col. 15, lines 44-57), as shown in Figure 6, and the horizontally and

vertically repeating pattern ofregions include NxM (4x4) number of texels (Col. 15, lines 44-

57). In one example, Alcom describes that one pixel maps to four texels (Col. 15, lines SS‘-5 7).

Since the pixels map to the texels, the repeating pattern ofregions of the pixels would still be in

NxM format.

Claim Objections

10. Claim 24 is objected to because ofthe following informalities: Claim 24 recites “a

memory controller, coupled to the first and second back end circuitry, operative to receive

transmit and receive the processed pixel data" where it should recite “a memory controller,

coupled to the first and second back end circuitry, operative to transmit and receive the processed

pixel data.” Appropriate correction is required.

Claim Rejections - 35 USC§ 102

11. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign

country or in public use or on sale in this country, more than one year prior to the date of

application for patent in the United States.

12. Claims 1-4, 6-8, 9, 10, 12, 14, 17, 18, 20-23, 25, and 26 are rejected under 35

U.S.C. 102(b) as being anticipated by Alcorn (usoos74s1 ISA).
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13. With regard to Claim 1, Alcorn describes a graphics processing circuit (Col. 3, lines 58-

60), comprising at least two graphics pipelines (front end board 10, texture mapping board 12

andframe bzt_;j"e'r board 14 each ispipelined and operates on multiple primitives simulraneousbt,

Col. 6, lines 33-35;from‘ end board 10 includes three 3-D geometry accelerator chips 32A, 323

and 32C, a 2-D geometry accelerator chip '34, C01. 6, lines 40-43) operative to process data in a

corresponding set of tiles (tiler, Col. 11, lines 8-31). Alcom describes mapping a texture to an

object in a repeating fashion, such that the texture is mapped to multiple portions of the object

(Col. 1 1, lines 35-37). Alcorn describes having a wrapping feature for coordinates falling

outside the boundary of the texture map, and pixels having S,T coordinates [10, 10] through (20,

20) would respectively map to the texels at S,T coordinates [0, 0] through (10, 10) (C01. 1 1, lines '

46-S0). According to the disclosure of this application, a repeating tile pattern means that the

pixel data is repeated [D022], and the pixel data includes appearance attributes such as texture

[O003]._ Therefore, Alcom describes that the tiles have a repeating tile pattern, a respective one

of the at least two graphics pipelines operative to process data in a dedicated tile (titer processes

data within the texture map, Col. 11, lines 8-3 1;for example, texture is defined have 5', T

coordinates rangingfrom [0, 0] ‘through {[0, 10), C01. 11, lines 37-39). Alcom discloses that the

repeating tile pattern includes a horizontally and vertically repeating pattern ofsquare regions

(Col. 15, lines 44-57), as shown in Figure 6.

14. ' With regard to Claim 2, Alcom describes that the square. regions comprise a two

dimensional partitioning of memory (blocks of texture data are organized to take advantage of
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thefour interleave implementation ofthe cache memory, Col. 15, lines 43 -57, S, Ttexture mqo

coordinates, Col. 10, lines 1-9).

15. With regard to'Claim 3, Alcorn describes that the texture map partitions are provided to

the frame buffer (Col. 14, lines 51-63), and therefore the memory is a frante buffer.

16. With regard to Claim 4, Alcorn describes that each of the at least two graphics pipelines

(Col. 6, lines 33-35, 40-43) further includes front end circuitry (32A, 32B, 32C, Figure 2) are

operative to receive vertex data and generate pixel data corresponding to a primitive to be

rendered (distributes 3-Dprimitive data evenly among the 3-D geometry accelerator chips, C01.

6, lines 43-47; each 3-D geometry accelerator chip processes primitive data, Col. 6,‘ lines 56-62;.

rendering hardware interpolates the primitive data to compute the dispiay screen pixels that are

turned on to represent each primitive, Col. 1, lines 31-33; vertex data, Col. 7, lines 22-33), and

back end circuitry (12), coupled to the front end circuitry (Col. 7, lines 5-10)‘, operative to

receive and process a portion of the pixel data (Col. 12, lines 13-20).

17. With regard to Claim 6, Alcorn describes that each texture map can comprise of texel

arrays of either 4x4 (Col. 2, lines 38-41), 16x16 or 64x64 texels (Col. 2, lines 65-66). The pixel

maps are in one-to-one correspondence with a single texel in the texture map (Col. 2, lines 62-

64). The tiler partitions the memory into texture maps (Col. 11, lines 8-31), so each tile contains I

a texture map. Therefore, Alcom discloses that each tile of the set of tiles fiirther comprises a

16x16 pixel array.
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13. With regard to Claim 7, Alcorn describes that the at least two graphics pipelines (Col. 6,

lines 33-35, 40-43) separately receive the pixel data fi'om the front end circuitry (32A, 32B, 32C,

Figure 2) (distributes L?-D primitive data evemjt among the 3-D geometry accelerator chips, Col.

6, lines 43-47; each 3-D geometry accelerator chipprocessesprimitive data, Col. 6, lines 56-62;

rendering hardware interpolates the primitive data to compote the display screen pixels‘. that are

turned on to represent each primitive, Col. 1, lines 31-33; texture mapping board receives data-

from the separate 3-D geometry accelerator chips, Col. 7, lines 5-10).

19. With regard to Claim 8, Alcorn describes that the at least two graphics pipelines are on

multiple chips (Col. 6,_ lines 33-3 3-D geometry accelerator chips, Col. 6, lines 40-43).

20. With regard to Claim 9, Aicorn describes a memory controller (5 0, Figure 2) coupled to

the at least two graphics pipelines, operative to transfer pixel data between each ofa first

pipeline and a second pipeline and a memory (51) (Col. 6, lines 33-3 5, 40-43; Col. 8, lines 27-

40).

21. With regard to Claim 10, Alcorn describes processing pixel data in a corresponding set of

tiles (tiler, Col. 1 1, lines 8-31). Alcom describes mapping a texture to an object in a repeating

fashion, such that the texture is mapped to multiple portions of the object (Col. 1 1, lines 35-37).

Alcom describes having a wrapping feature for coordinates falling outside the boundary of the

texture map, and pixels having S,T coordinates [10, 10] through (20, 20) would respectively map
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to the texeis at 5,1? coordinates [0, 0] through (10, 10) (C01. 1 1, lines 46-50). Therefore, since

the tiles are repeated, only a first set of tiles are processed, and then those tiles ere repeated.

Therefore, Alcorn discloses that a first of the at least two graphics pipelines (Col. 6, lines 33-35, '

40-43) processes the pixel data only in a first set of tiles in the repeating tile pattern.

22. With regard to Claim 12, Claim 12 is similar in scope to Claim 10, and therefore is

rejected under the same rationale.

23. With regard to Claim 14, Claim 14 is similar to Claims 41a-nd 10, except that Claim 14 is

for a third and fourth graphics pipeline. Alcorn gives an example of three graphics pipelines .

(Col. 6, lines 33-35, 40-43), however, Alcorn describes that the number ofgraphics pipeline can

be modified (Col. 5, line 65-‘Col. 6, line 3). Therefore, Claim 14 is rejected under the same

rationale as Claims 4 and 10.

24. With regard to Claim 17, Claim 17 is similar in scope to Claim 8, and therefore is

rejected under the same rationale.

25. With regard to Claim 18, Alcom describes a bridge (30, Figure 2) operative to transmit

vertex data to each of the first, second, third and fourth graphics pipelines (Col. 6, lines 32-35,

40-47; Col. 7, lines 28-33; Col. 5, line 65-031. 6, line 3).
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26. With regard to Claim 20, Alcorn describes a graphics processing method (Col. 3, lines

58-60), comprising receiving vertex data for a primitive to be rendered; generating pixel data in

response to the vertex data (Col. 7, lines 21-33); determining the pixels within a set of tiles (tiler,

Col. 11, lines 8-31) of a repeating tile pattern to be processed by a corresponding one of at least

two graphics pipelines (Col. 6, lines 33—3 5, 40-43) in response to the pixel data (Col. 11, lines

35«S0). Alcorn discloses that the repeating tile pattern includes a horizontally and vertically

repeating pattern of square regions (Col. 15, lines 44-57), as shown in Figure 6. Alcorn

describes performing pixel operations on the pixels within the determined set of tiles (Col. 12,

lines 13-20) by the corresponding one of the at least two graphics pipelines (Col. 6, lines 33-35,

40-43).

27. With regard to Claim 21, Alcorn describes that determining the pixels within a set of tiles

of the repeating tile pattern to be processed, as discussed in the rejection for Claim 20, and the’

set of tiles to be processed is inherently the set of tiles that the corresponding graphics pipeline is

responsible for.

28. With regard to Claim 22, Alcorn describes that determining the pixels within a set of tiles

of the repeating tile pattern (Col. 11, lines 35-50) to be processed further comprises providing‘

position coordinates of the pixels within the determined set of tiles to be processed to the

corresponding one ofthe at least two graphics pipelines (Col. 10, lines 1-8; rexel data output

from the parameter imferpolator circuit 64 isprovided to the tiier 72, which determines the

address ofthefour texels... checks to determine whether each is within the boundary ofthe
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texture...(exe! data includes the interpolated S, Tcoordinates as well as the map number, Col.

1 1, lines 3-31; Col. 6, lines 33-35, 40-43).

29. With regard to'Claim 23, Alcorn describes transmitting the processed pixels to memory

(Col. 6, lines 14-20).

30. With regard to Claim 25, Claim 25 is similar in scope to Claim 1, and therefore is

rejected under the same rationale.

31. With regard to Claim 26, Alcorn discloses that the repeating tile pattern includes a

horizontally and vertically repeating pattern of square regions (Col. 15, lines 44-57), as shown in

Figure 6, and the horizontally and vertically repeating pattern of regions include NXM (4x4)

number of texels (Col. 15, lines 44-57). According to the disclosure ofthis application, the

format for the tile sizes are 8718, 162116, or 32x32 [0043], and therefore 4x4 fits this format. In

one example, Alcom describes that one pixel maps to four texels (Col. 15, lines 55-57). Since

the pixels map to the texels, the repeating pattern of regions of the pixels would still be in NxM

format.

32. Thus, it reasonably appears that Alcorn describes or discloses every element of Claims" 1-

4, 6-8, 9, 10, 12, 14, 17, 18, 20-23, 25, and 26 and therefore anticipates the claims subject.


