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I. INTRODUCTION 

Petitioner Realtek has failed to prove that any of the challenged claims 1-11 

of Patent Owner’s ATI’s U.S. Patent No. 8,760,454 (“the ’454 patent”) are 

unpatentable. 

First, the Lindholm references are not prior art, which the Institution Decision 

(“ID”) agreed with, and so Ground 1 fails. The conception of the ’454 patent’s 

inventions antedates the Lindholm references’ critical date, and ATI worked 

diligently to reduce the inventions to practice, as found by the Federal Circuit as to 

a parent patent, regarding the same real-world product. 

Second, claims 1 and 3-10 require evaluation of storage space in order to 

determine what type of operations to perform, with various levels of specificity 

required in the different claims.  All three grounds fail to disclose even the broadest 

formulation, which the ID agreed with as to Ground 3.  All three grounds rely on the 

concept of priority and/or load balancing, in which the system first processes data 

that has higher priority than other data; it may be that the system has more of a 

certain type of data to process, causing that to be higher priority, or it may be a pre-

set preference.  But there is no disclosure in any reference that the amount of storage 

space for incoming data is evaluated in determining what to choose to process. 

Third, claim 11 requires the ability to perform operations at various stages of 

completion by switching between instructions stored in the instruction store, i.e., 
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switching between incomplete operations.  None of the grounds disclose that 

functionality. 

Fourth, claim 2 requires executing instructions in response to receiving 

selected data from the data store.  All three grounds fail to demonstrate this as well, 

because the execution they describe is not done in response to receiving data, but 

rather in response to receiving the instructions, nor is the data “selected” from the 

data store. 

Fifth, the claims require that certain elements are within “unified shader” of 

the claims, such as the “sequencer” (claims 2, 5), instruction store (claim 11), 

selection circuit (claim 7), arbiter (claim 10), and others, but Ground 2 and 3 point 

to items outside the alleged unified shader, and thus the grounds fail as to those 

claims. 

Sixth, claims 7 and 10 require that an arbiter send a control signal to a 

selection circuit, prompting it to send information to a data store.  Petitioner 

generally fails to identify anything for these elements across the grounds, and what 

it does point to contradicts a POSITA’s understanding of the terms and its own 

allegations, for example, when it points to “state data” as a “control signal.” 

Lastly, all grounds fail because secondary considerations support non-

obviousness of the ’454 Patent. 
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II. GRAPHICS PROCESSING PRIMER 

The ’454 Patent issued June 24, 2014, and is titled “Graphics Processing 

Architecture Employing A Unified Shader.”  EX1001.  The challenged claims 

concern graphic processors that use a “unified shader” to perform both “vertex” 

and “pixel” operations. E.g., EX1001 (’454 Patent), 1:32-34, 2:58-61; EX2121 

(Mangione-Smith Decl.), ¶15. 

A. Graphics Processors Use Vertex and Pixel Data to Create Display 
Images 

Graphics processors are designed to convert a three-dimensional object into 

an image for display on a two-dimensional screen. EX2121, ¶16. As part of this 

process, a three-dimensional object is rendered as multiple shapes, called 

primitives, such as triangles (see below example). Id.  

 

Each primitive has three corner points, or three “vertices.”  Id., ¶17. To 

render a three-dimensional object on a flat screen, each vertex is converted from 

three-dimensional coordinates to two-dimensional coordinates as illustrated below. 

Id.  
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Subsequent processing includes rendering each primitive as two-dimensional 

collection of dots called “pixels.” Id., ¶18. The processor uses the two-dimensional 

coordinates to determine which pixels fill each primitive (e.g., the XY coordinates 

depicted in blue below). Id. 

 

Further processing includes coloring and applying texture for each pixel 

filling the primitive. Id., ¶19. 
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B. Conventional Graphics Processors Use Separate Dedicated Vertex 
and Pixel Shaders 

Conventional graphics processors featured a number of circuits, each 

configured to perform a single type of transformation. These circuits are known as 

“shaders.” Id., ¶23. 

Conventionally, each shader was dedicated to executing a particular type of 

operation to transform a particular type of data. Id., ¶24. For example, a “vertex 

shader” would execute only vertex operations to transform vertex data. EX1001, 

1:63-2:7. But to execute pixel operations to transform pixel data, another, separate 

“pixel” shader was needed. Id., 2:8-18.  This requirement resulted in drawbacks in 

both size and performance. EX2121, ¶25. 

First, the need for multiple specialized shaders increased the size of graphics 

processors and overall integrated circuit.  EX1001, 2:20-29.  Second, sequencing 

the pixel shader after the vertex shader meant that one shader was dependent on the 
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output of the preceding shader before it could continue processing, leading to idle 

downtime and less optimal performance.  Id., 2:20-29; EX2121, ¶26. 

Such conventional “pipeline” is illustrated below, depicting vertex shader 46 

in series with pixel shader 54. Id., ¶27. 

 

EX1001, Fig. 3. 
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III. ’454 PATENT OVERVIEW 

Petitioner challenges claims 1-11. Claims 1-5 and 11 are independent 

claims. Claims 6-10 depend on claim 5. 

A. The ’454 Patent’s Unified Shader Determines Which Data To 
Process By Evaluating Storage Capacity As Seen In Claims 1, 3-
10 

In contrast to prior approaches (including that of the asserted prior art), 

which may use pre-determined priorities or balance workloads based on the 

amount of work in the queue for execution, the ’454 Patent describes determining 

whether to process a vertex or pixel operation based on available storage space.  

EX2121, ¶31. 

For example, the patent describes an “arbiter circuit for selecting one of a 

plurality of inputs for processing [by the unified shader] . . . wherein the shader 

performs one of the vertex operations or pixel operations based on the [arbiter’s] 

selected one of the plurality of inputs.”  EX1001, 2:58-3:17; EX2121, ¶32.  The 

arbiter’s selection criteria, or “arbitration scheme,” includes at least the capacity to 

store particular types of data.  Id. To this end, the data storage (the unified shader’s 

register block) is monitored for available space, which informs what data is 

selected to be transmitted to the processor to be processed: “if the general purpose 

register block 92 does not have enough available space therein to store the 
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incoming vertex data, such information will not be transmitted as the arbitration 

scheme of the arbiter 64 is not satisfied.”  Id., 5:32-44.   

In use, for example, when there is not enough room in the data storage for 

vertex data, the processor “continues pixel calculation operations that are to be or 

are currently being performed [by] the processor based on instructions maintained 

in an instruction store until enough registers within the general purpose register 

block become available” to store vertex data.  EX1001, Abstract (emphasis added); 

EX2121, ¶33. 

This is in contrast with the prior art approach of choosing what to process 

based on how much of a given type of data is in the queue to be processed, or 

based on some pre-set priority or other prioritization scheme. 

The claims require this functionality in a variety of different ways, with 

different levels of specificity. Id., ¶34. 

Claim 1 is the most specific, requiring performing vertex operations until 

there is no more room in the general purpose register block for incoming vertex 

data, in which case continuing to perform pixel operations until enough space 

appears to once again store vertex data.  Id. This requires two evaluations: first that 

there is no longer room for additional vertex data in the general purpose register 

block (at a time when the system is performing vertex operations), and second, that 
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at a later point in time (when the system is performing pixel operations), there is 

once again room for additional vertex data in the general purpose register block. Id. 

Claims 3 and 4 are broader.  Id., ¶35. Claim 3 requires a processor unit to be 

“operative to perform pixel calculation operations until enough shared resources 

become available and then use the shared resources to perform vertex calculation 

operations.”  Id. Claim 4 requires the opposite; the processor unit must be 

“operative to perform vertex calculation operations until enough shared resources 

become available and then use the shared resources to perform pixel calculation 

operations.”  Id. 

Claim 5 is the broadest, requiring that the processor unit “execute vertex 

calculation and pixel calculation operations on selected data maintained in a store 

depending upon an amount of space available in the store.” Id., ¶36. 

As explained below, the prior art references fail to teach even the broadest of 

these formulations.  

B. The Unified Shader Can Simultaneously Execute Vertex and Pixel 
Operations and Switch Quickly Between Operations at Various 
Degrees of Completion as In Claim 11 

Further, the patent describes and claims how to allocate the unified shader’s 

processing resources among vertex and pixel data in a manner that prevents 

backlogs of data waiting to be processed and idle downtime for the shader. Id.  

Under the claimed approach, the disclosed unified shader switches back and forth 
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between unfinished operations to prevent downtime and backlogs of data sitting 

waiting to be processed. EX1001, 5:23-36; EX2121, ¶37. 

To illustrate, when executing a vertex operation, the unified shader may 

encounter a vertex instruction that it cannot yet perform because the necessary data 

or memory is not yet available. EX1001, 5:36-44; EX2121, ¶38. Rather than 

having the unified shader sitting idle, waiting for the necessary data or memory so 

that it can proceed with the rest of the vertex operation, the unified shader switches 

to pending pixel operations and executes pixel instructions until the idle vertex 

operation is ready to proceed. EX1001, 5:32-52. 

Thus, the ’454 Patent discloses a unified shader that “has the ability to 

simultaneously perform vertex manipulation operations [vertex operations] and 

pixel manipulation operations [pixel operations] at various degrees of completion 

by being able to freely switch between such program or instructions very quickly.” 

Id., 5:32-36 (emphasis added); see id., claim 11; EX2121, ¶39. “[T]hrough the 

sharing of resources within the unified shader 62, processing of image data is 

enhanced as there is no down time associated with the processor 96.” EX1001, 

5:49-52.  The ’454 Patent thus discloses and claims a unified shader that can 

switch back and forth between executing unfinished vertex and pixel operations. 

Id. 
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C. The Invention of the ’454 Patent Triggers Execution by 
Transmitting Data Rather Than Instructions as in Claim 2 

The ’454 patent specifically provides the receipt of selected data is what 

causes the processor to perform the corresponding operations: “the shader 

performs one of the vertex operations or pixel operations based on the selected one 

of the plurality of inputs.”  Id., 2:58-3:17; see id., claim 2; EX2121, ¶¶41-42.  This 

approach is in contrast with the approaches in the asserted references, in which the 

shader performs tasks based on the received instructions, not the received data as 

claimed.  Id. This data-driven approach where the receipt of particular selected 

data dictates the execution of instructions enables the invention’s ability to quickly 

switch between partially-completed tasks, as the data drives the decision-making 

about what to process, rather than the instructions doing so. Id. 

IV. ASSERTED PRIOR ART 

A. Lindholm ’685 

Lindholm ’685 regards graphics architecture with a separate pixel input 

buffer and vertex input buffer, and several execution pipelines: 
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EX1006 (Lindholm ’685), Fig. 2; EX2121, ¶303.  An execution pipeline is 

depicted below: 
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EX1006, Fig. 4.  In response to “program instructions,” “programmable 

computation units (PCUs) within an Execution Pipeline 240 [] perform operations 

such as tessellation, perspective correction, texture mapping, shading, blending, 

and the like.”  Id., 5:23-29.  “Processed samples are output from each Execution 
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Pipeline 240 to a Pixel Output Buffer 270,” and then “[t]he processed samples are 

output from Pixel Output Buffer 270 to Raster Analyzer 160.”  Id., 5:30-35.  After 

rasterization, the pixel data is sent to another PCU for pixel processing.  Id., Figs, 

2, 4, 10:55-11:14.   

B. Amanatides 

Amanatides regards graphics architecture in which a “host distributes 

primitives in a round-robin manner” to processors, labeled “G/R”: 

 

EX1007 (Amanatides), Fig. 3, 157; EX2121, ¶304.  “Each processor performs the 

front-end tasks … for the primitives. It then broadcasts the results to the other 

processors to perform the back end operations of rasterization.”  EX1007, 157.  

The reference also discusses “load balancing” based on “[f]or example, if there is a 

lot of texture mapping” tasks to be done and based on prioritization of certain types 

of actions. Id., 157, 159. 
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C. Selzer 

Selzer describes graphics architecture with a traditional pipeline involving a 

first stage of geometry processing, followed by a second stage of rendering 

processing: 
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EX1009 (Selzer), Figs. 4.2, 4.4; EX2121, ¶305.  “The geometry module performs 

the transformation, clipping, polygon and patch subdivision, normal interpolation 

and renormalisation and lighting operations.”  EX1009, 41.  Alternatively, a 

rendering module could perform that task.  Id.  After that step, the geometry 

module or rendering module that performed the geometry processing “deliver[s] 

processed data to the FIFOs of the appropriate [separate] rendering modules” for 

rendering.  Id. 
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V. PETITIONER HAS FAILED TO PROVE THE CLAIMS OF THE ’454 
PATENT ARE OBVIOUS UNDER ANY GROUND 

A. Ground 1: Lindholm References 

1. Neither Lindholm ’685 Nor Lindholm ’913 Are Prior Art 

The Lindholm references are not prior art because the inventions of the ’454 

Patent were conceived by August 24, 2001 while designing and developing the 

R400 graphics processor.  This is before the effective filing dates of Lindholm 

’685 and Lindholm ’913 (June 30, 2003 and June 27, 2003, respectively). The 

inventors thereafter diligently reduced to practice until at least the effective filing 

date of the ’454 Patent, November 20, 2003. 

Under the applicable pre-AIA first-to-invent standard, references may be 

antedated by demonstrating: “(1) prior reduction to practice; or (2) prior 

conception ‘coupled with due diligence.’” ATI Techs. ULC v. Iancu, 920 F.3d 

1362, 1369 (Fed. Cir. 2019).  Here, the evidence demonstrates that the inventors 

conceived of the invention before the Lindholm references’ critical dates and 

diligently reduced the invention to practice.  Thus, as correctly found in the ID, 

Patent Owner has antedated the Lindholm references. ID, 33. 

The Federal Circuit has already ruled as to the same prior art references and 

with respect to a parent to the ’454 Patent, U.S. Patent No. 6,897,871 (the “’871 

Patent”), that (1) “the record is clear that ATI exercised the requisite reasonably 

continuous diligence” regarding the R400 project, and (2) the R400 project 
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establishes conception and reduction to practice before the critical date of the 

Lindholm ’913 patent, as to the claims of the ’871 patent. ATI, 920 F.3d at 1374.  

The Board correctly found that the Federal Circuit ruling, combined with 

additional evidence related to the claims of the ’454 patent established earlier 

conception and diligence.  ID, 32-33 (considering “relevant aspects of the Federal 

Circuit’s conclusion that Patent Owner demonstrated sufficient diligence to reduce 

the invention at issue . . . to practice”). 

a. The ’454 Patent Inventors Conceived of the 
Inventions At Least by August 24, 2001 

The inventions were conceived of at least by August 24, 2001. EX2121, 

¶¶71-194.  Conception is the mental formulation and the disclosure of a complete 

idea for the claimed subject matter.  Townsend v. Smith, 36 F.2d 292, 295 

(C.C.P.A. 1929). Conception is complete when the idea “encompass[es] all 

limitations of claimed subject matter.” Singh v. Brake, 317 F.3d 1334, 1340 (Fed. 

Cir. 2003). 

The following documents demonstrate that the inventors had conceived of 

the claims by at least August 24, 2001: 

1. “R400 Top Level Specification,” version 0.2 (EX2013), last revised 
March 14, 2001 and authored by inventor Steve Morein.  This exhibit 
is authenticated by the Watson Declaration submitted in IPR2015-
00325, which was resubmitted here as EX2003.  Paragraphs 124-126 
of EX2003 authenticate this exhibit, which was numbered EX2041 in 
IPR2015-00325, as seen on the first page, and here is EX2013.  
EX2122 (Watson Suppl. Decl.), ¶6.  The ID found this exhibit not 
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authenticated.  ID, 28 n.11.  It appears that was due to a confusion 
regarding exhibit numbering, as it has multiple numbers.  The Board 
held EX2003 (-325 IPR Watson declaration) did not authenticate 
EX2013 properly.  But that declaration used the numbering from 
IPR2015-00325, which was EX2041, rather than the numbering here, 
EX2013.  Patent Owner respectfully asks that the Board find that 
EX2003 properly authenticates this document. 

2. The R400 “Shader Processor” Specification, version 0.1 (EX2012), 
last revised January 23, 2001 and authored by inventors Andrew 
Gruber and Andi Skende.  This exhibit is authenticated by the Watson 
Declaration submitted in IPR2015-00325, which was resubmitted here 
as EX2003.  Paragraphs 127-129 of EX2003 authenticate this exhibit, 
which was numbered EX2042 in IPR2015-00325, as seen on the first 
page, and here is EX2012.  EX2122, ¶6. 

3. The “R400 Sequencer Specification,” version 0.4 (EX2010), last 
revised August 24, 2001 and authored by inventor Laurent Lefebvre. 
This exhibit is authenticated the Watson Declaration submitted in 
IPR2015-00325, which was resubmitted here as EX2003.  Paragraphs 
33-35 of EX2003 authenticate this exhibit, which was originally 
submitted as an exhibit in IPR2015-00325 as Exhibit 2010, the same 
number as here.   EX2122, ¶6. 

EX2121, ¶¶72-73. 

These documents disclose every element of the claims.  See EX2121, ¶¶75-

194 (element-by-element analysis for claims 1-11).  They demonstrate conception 

no later than August 24, 2001 (the latest revision date), almost two years before the 

June 2003 dates of the Lindholm patents.  EX2121, ¶¶72-73. As an ATI witness 

stated, the last date in the revision history of the document is the last time it was 

substantively edited.  EX2117 (Watson Decl.), ¶¶14-15; EX2121, ¶73.  Although 

some documents have dates later than August 2001 under “edit date,” that date 

doesn’t relate to the document’s substance, but is an auto-populated macro which 
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cannot be disabled and records the last time the document was opened. EX2117, 

¶¶14-15; EX2121, ¶73.  Regarding actual substantive edits to technical documents, 

it was the regular practice of ATI to record the date within the document itself, in 

the “revision changes” or similar section. EX2117, ¶15; EX2122, ¶¶13-18. 

As a brief overview, these documents describe in detail the components of 

the ’454 Patent: unified shader, general purpose register block, processor unit, 

sequencer, and instruction store.  EXS2010, 2012-2013;  EX2121, ¶¶75-194. For 

example, the Top Level Specification from 2001 describes R400 with the 

following functional blocks including a shader processor and sequencer. 

 

EX2013, 15-16;  EX2121, ¶¶76, 78-79, 120, 132, 144, 181.  The Top Level 
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Specification also explains the R400 implements a unified processing pipe, which 

includes a processor unit, to perform 3D vertex and pixel operations. EX2013, 9-

10; EX2121, ¶¶77, 98, 121, 133, 145, 182. The processor unit of the R400 executes 

instructions.  EX2121, ¶¶114, 166, 171.  For example, the unified shader contains 

vector and scalar ALUs that execute instructions from the instruction store on data 

in the GPRs (e.g., register file).  EX2013, 9-10; EX2011,1 11-12; EX2121, ¶¶114, 

166, 171. The following graphical depiction demonstrates the structure of the 

unified processing pipeline.  EX2121, ¶¶79, 100, 147. 

 

See EX2013, 31. 

The R400 Shader Processor Specification describes the inclusion of general 

 
1 EX2011 is authenticated by EX2003, ¶85-87 as EX2028.  EX2122, ¶6. 
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purpose registers which are configured to store both vertex and pixel data. 

EX2121, ¶¶103, 125, 137. 

 

EX2012, 5. 

The R400 Top Level Specification and the R400 Sequencer Specification 

further describe a sequencer having the same characteristics as the sequencer 

claimed by the ’454 Patent. EX2013, 11; EX2010; EX2121, ¶¶76, 82, 85, 92, 105-

111. The sequencer, being part of the rasterizer, performs arbitration and is coupled 

to the general purpose register block and the processor unit. EX2010, 4. The 

sequencer maintains instructions operative to cause the processor unit to execute 

vertex calculation and pixel calculation operations on selected data maintained in 

the general purpose register block. EX2121, ¶¶105-111, 152. 
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EX2010, 12. Furthermore, the sequencer “arbitrates between Pixel FIFO and 

Vertex FIFO – when there are no vertices pending OR there is no space left in the 

register files for vertices, the Pixel FIFO is selected.” EX2010,18; id., 4 (“The 

sequencer will not start the next vector until the needed space is available.”), 17 

(“[T]he arbiter is not going to select a vector to be transformed if the parameter 

cache is full.”); EX2011, 26 (“There are actually two sets of arbitration -- one for 

pixels and one for vertices…these threads are further filtered based on whether 

space is available.”); EX2119, 1281-82, 1284 (same); EX2121, ¶¶73, 83, 127, 139; 

EX2003, ¶¶33-35, 85-87, 118-120; EX1017, 103:5-21 (R400’s “dynamic mode of 

the register file allocation method” was “basically functional” and “the basic 

design was proven to work”). The evidence relied upon by Dr. Mangione-Smith 

show that ATI conceived of and developed in the R400 features that meet the 
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claim limitations in the ’454 Patent. ID, 26-29 (finding that the R400 Top Level 

Specification “suggests conception of an idea that was definite and permanent 

enough that one skilled in the art could understand the invention”). As the Board 

correctly found, the inventors “conceived of the claimed subject matter in the early 

stages of R400 development.”  Id., 33. 

b. The ’454 Patent Inventors Exercised Diligence in 
Constructively Reducing to Practice 

i. The ’454 Patent Was Constructively Reduced to 
Practice At Least by November 20, 2003 

The ’454 Patent claims priority to the ’871 Patent, the application for which 

was filed on November 20, 2003, and supports the claims of the ’454 Patent.  

EX2121, ¶¶245-299 (mapping claims of the ’454 Patent to the ’871 Patent 

specification).  Thus, the ‘454 Patent was constructively reduced to practice at least 

by November 20, 2003.  Id. 

ii. The Inventors and Other ATI Employees 
Diligently Worked Every Business Day to 
Reduce the Claimed Invention to Practice 

For a constructive reduction to practice, the sufficient diligence period spans 

from just before the earlier Lindholm’s filing date (June 27, 2003) to the inventors’ 

constructive reduction to practice (November 20, 2003).  Perfect Surgical 

Techniques, Inc. v. Olympus Am., Inc., 841 F.3d 1004, 1007 (Fed. Cir. 2016).  The 

evidence actually demonstrates that the inventors exhibited diligence in a much 

broader period than the requisite period.  EX2121, ¶¶195-244, 300-302. 
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The inventors diligently worked to reduce the R400 to practice, which 

suffices as diligence towards reduction to practice. Scott v. Koyama, 281 F.3d 

1243, 1248-49 (Fed. Cir. 2002). 

After the R400’s conception, the inventors and colleagues worked constantly 

to implement it. EX2121, ¶¶195-244. This work is shown through records 

evincing: (i) continuous updates to technical specifications; (ii) development, 

testing, and debugging of emulation and RTL code, including all critical 

components, and (iii) synthesis of netlists to be placed on the IKOS system for 

testing.  Id., ¶¶198-199, 227-244. This documentation shows that at least one ATI 

employee worked every business day during the diligence period to reduce the 

claimed subject matter to practice.  EX2121, ¶¶196, 201; EX2004 (Lefebvre 

Decl.), 31-56 (showing diligence calendar). 

Initially, only a handful of engineers worked on the R400 project. EX2121, 

¶196. By late 2001, over one hundred project managers/designers diligently 

worked to implement and test the R400. Id.; EX2113 (Gruber Depo.), 201:22-

202:9. In particular, they used the specifications to write emulation code and RTL 

code for the R400. EX2121, ¶¶200-201.  

ATI maintained meticulous records of the development and implementation 

of the R400 in a revision control system called Perforce, which recorded time 

stamped logs, user permissions, and files check-outs. Id., ¶¶202-226. 
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For example, architectural leads of the R400 updated the technical 

specifications to describe the structure and function of the blocks. EX2121, ¶¶201-

202. Some of these specifications were updated approximately every two to three 

weeks with revisions spanning from May 25, 2001 to August 29, 2003 as indicated 

by Perforce. EX2117, ¶¶26-129;  EX2121, ¶¶201-202;  EX2118, ¶¶36, 38-43. 

Additionally, the engineers also tracked their efforts in program reviews 

presentations.  EX2121, ¶¶205-207. The program reviews included information 

regarding the development of deliverables for the R400 project, such as technical 

specification drafting, emulation code and RTL development (and validation 

thereof), netlist synthesis, and IKOS testing. Id. For example, the following 

program schedule from the January 17, 2001 presentation captures the critical 

milestones completed and forecast throughout the development of the R400.  Id. 

 



Case No. IPR2023-00922 
U.S. Patent No. 8,760,454 

27 
 

EX2111 (R400 Program Review, 1/17/2002), 53-69. 

Perforce also maintained all changes made to the RTL block level 

development files.  EX2121, ¶208. These changes show that continuous diligence 

was utilized during development of the key architectural blocks incorporated in the 

R400 from August 24, 2001, to November 20, 2003; only two such blocks (SQ and 

SP) are detailed in the chart below. Id., ¶¶209-226. The frequency of check-ins for 

these blocks demonstrates that the R400 team exercised diligence. Id. 

 

Id., ¶¶208-212. 

c. The Federal Circuit Ruled That the Same R400 
Evidence Established Diligence 

Considered by the Board as “relevant aspects of the Federal Circuit’s 

conclusion,” the evidence regarding conception and diligence as to the R400 

graphics processor was accepted by the Federal Circuit during IPR of the ’871 
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Patent, a parent to the ’454 Patent, which was challenged under Lindholm ’913 in 

IPR2015-00326.  ID, 32-33; ATI, 920 F.3d at 1364.  In IPR2015-00326, the Board 

found that ATI established conception, but did not establish diligence in 

constructively reducing to practice. Id., 1364, 1368.  

The Federal Circuit reversed, finding, “[i]nventor Laurent Lefebvre 

described conception and activities developing the technology in the three Unified 

Shader Patents. His 60-page Declaration describes his and the other inventors’ and 

other ATI employees’ activities on this project (designated the R400 project) and 

was accompanied by ‘almost 1300’ pages of documentary records showing the 

work done and by whom and when, including metadata, document logs, and folder 

histories.” ATI, 920 F.3d at 1370.  Based on this evidence, the Federal Circuit held 

that the Board erred in holding that diligence had not been shown for the ’871 

Patent. Id., 1375.  The Federal Circuit did not rely on—nor found it necessary to—

any code analysis in finding diligence. Id., 1370-72 (relying on inventor 

declaration and documents, including metadata to conclude diligence). 

Here, the evidence demonstrating conception and reduction to practice of the 

’454 Patent is from the same R400 project that was before the Federal Circuit, and 

the dates at issue are the same.  Moreover, the ’454 Patent has similar claims to the 

’871 Patent. EX2121, ¶246.  Therefore, the same result should be found here, as 

the Board correctly noted. ID, 32-33. 
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d. Petitioner’s Arguments Regarding a Prior ITC Case 
Not Involving ATI Are Incorrect 

Petitioner argues ATI is unable to prove conception the Lindholm ’685 

patent, June 30, 2003 based on a prior ITC case. Pet., 15 (citing EX1015). This 

argument is unavailing because that investigation did not address the ’454 Patent at 

all, nor did it involve ATI or any related entity. 

Furthermore, the in the ITC case was whether the claims of Lindholm ’685 

were invalidated by ATI’s R400; thus the mapping of the R400 was to the claims 

of the Lindholm ’685 patent, not the ’454 Patent. EX1015, 141-145.  

Finally, the ITC opinion was issued before the Federal Circuit decision 

discussed above. Even if by some stretch of logic the ITC’s holding was relevant 

here, that holding would have been effectively overruled. 

2. No Executing Operations Depending Upon an Amount Of 
Space Available In The Store (Claim 5), Much Less 
Performing Vertex Operations Or Pixel Operations Until 
Enough Storage Is Available For The Other Operation 
Type (Claims 1, 3, 4) 

Claims 1, 3-5 require consideration of the amount of available space for 

storage impacting what data type to process, as explained above in Section III.A.  

EX2121, ¶308. 

Petitioner’s only substantive arguments as to this claim requirement are 

alleged in the context of claim 3.  Pet., 30-35 (claim 3), 35-36 (no substantive 
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allegations for claim 4), 36-37 (no substantive allegations for claim 5), 40-41 (no 

substantive allegations for claim 1). 

Petitioner has several paragraphs that argue the same thing: priority based on 

the workload of a given type discloses this claim limitation.  E.g., Pet., 31 (“giving 

priority to allocating vertex threads and pixel threads are only allocated if vertex 

samples are not available for assignment to a thread”), 32 (priority “based on the 

amount of pixel samples waiting to be processed”), 32 (prioritization based on 

“vertex workload or pixel workload, depending on which is greater”), 32 (priority 

based on “a number of ‘pending’ pixels”).  None of these consider the amount of 

storage, much less the amount of storage for a given type of data, or any of the 

other more specific requirements regarding what to process based on storage space, 

as described above in Section III.A. EX2121, ¶310. 

Petitioner next points to the statement in Lindholm ’685 that “[e]ach clock 

cycle, Instruction Scheduler 430 evaluates whether any instruction within the IWU 

435 can be executed based on the availability of computation resources in an 

Execution Unit 470 and source data stored in Register File 350.”  Pet., 33.  But this 

evaluates only whether processing resources are free (“the availability of 

computation resources”) or whether the source data is present such that it is 

capable of being processed (“source data stored in Register File 350”)—it doesn’t 
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concern evaluating available storage space for incoming data, much less doing so 

to determine what to execute.  EX2121, ¶311. 

Petitioner next alleges that “[t]hread allocation or execution decisions can 

also be based on space available in Register File 350, or ‘the amount of storage for 

intermediate data generated during processing of a sample.’”  Id.  This 

mischaracterizes Lindholm.  EX2121, ¶312. All that Lindholm discloses is the 

common-sense statement that “[t]he maximum number of threads that can be 

executed simultaneously is related to the number of Execution Pipelines 240, the 

size of storage for thread state data, the amount of storage for intermediate data 

generated during processing of a sample” — i.e., if there is more space, more 

threads can be executed.  Id. The truism that how many threads can be executed is 

limited by space doesn’t disclose the required evaluation of available storage space 

for incoming data to determine what to execute.  Id. Second, storage capability for 

intermediate data is irrelevant — it is storage for incoming vertex data (i.e., data to 

be operated on) that is recited, for example, in claim 1. Id. 

The ID found this element met because “Lindholm ’685 discloses 

determining thread execution priority based on the amount of sample data in the 

pixel and vertex input buffers and recognizes that the maximum number of threads 

that can be executed simultaneously depends on the size of storage for thread state 

data.”  ID, 40-41.  As explained above, neither of those discloses the required 
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considerations for determining what to process.  For example, prioritizing based on 

how much data is in the buffers doesn’t disclose the requirement of claim 1 to 

perform vertex operations until there is no space for new incoming vertex data, in 

which case performing only pixel calculations until there is once again room for 

new vertex data.  Nor does it disclose any consideration of space in determining 

which data type to execute, as also required by claims 3, 4, and 5. EX2121, ¶313. 

3. No Processor Unit That Performs Vertex Manipulation 
Operations and Pixel Manipulation Operations At Various 
Degrees Of Completion Based On Switching Between 
Instructions In The Instruction Store (Claim 11) 

Claim 11 requires that the “processor unit of the unified shader performs the 

vertex manipulation operations and pixel manipulation operations at various 

degrees of completion based on switching between instructions in the instruction 

store.”  EX1001, Claim 11.  This requires the processor unit to switch between 

unfinished vertex operations and pixel operations, as Petitioner’s expert agreed.  

EX2121, ¶324; EX2123, 61:16-62:2. 

Petitioner first cites to EX1005, 12:9-27 and EX1006, 7:6-12.  These state 

that if there are not enough threads available, then not all samples within a set of 

one type can be processed simultaneously.  EX1005, 12:14-20.  They do not 

disclose switching between unfinished vertex manipulation operations and pixel 

manipulation operations at various degrees of completion based on switching 

between instructions in the instruction store.  EX2121, ¶326.  
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Petitioner next alleges Lindholm discloses “instruction-level scheduling” 

and the ability to “simultaneously process multiple samples based on Instruction 

Scheduler and Instruction Dispatcher issuing instructions from multiple threads,” 

apparently using the word “samples” to correspond to data, as evidence of claim 

11.  Pet, 34-35.  However, the cited disclosures do not discuss switching between 

different sample types, nor even switching between different samples. EX2121, 

¶327. Nor was Dr. Pfister able to identify any disclosures in Lindholm that do.  

EX2123 (Pfister Dep), 130:14-131:16.  Indeed, instruction-level scheduling 

doesn’t connote switching in the middle of executing a given instruction, which 

Petitioner’s expert alleged are the “operations” of claim 11.  EX2121, ¶¶328-329.  

The concurrent processing of different samples, which is all Petitioner alleges, 

doesn’t indicate switching when the processing of a sample is unfinished, as 

required by claim 11.  Id. 

4. No Execution of Instructions “In Response to” Receiving 
Selected Data (Claim 2) 

Claim 2 requires a unified shader processor that executes certain pixel or 

vertex thread instructions “in response to” receiving selected data from a data 

storage, as explained above in Section III.C.  EX2121, ¶314. But Petitioner 

identifies no such disclosure, nor is there any in either of the Lindholm patents.  

Petitioner alleges that the “PCU” in Lindholm ’685 perform processes “in 

response to receiving pixel samples from the Pixel Input Buffer,” citing Lindholm 
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’685 at 5:23-35.  Pet., 28. This citation states that “[p]rogram instructions 

configure programmable computation units (PCUs) within an Execution Pipeline 

240 to perform operations,” which doesn’t indicate that receipt of data causes 

execution of instructions.  EX1005, 5:23-35; EX2121, ¶315.  Moreover, Petitioner 

cites to “thread allocation” to processors as triggering execution, which indicates 

that threads (groups of instructions), not “selected data,” cause execution of 

processes.  Pet., 30-33; EX1005, 9:5-7. 

The embodiments in which locations in Register File 350 are assigned to 

threads based on priority assigned to each sample type also do not disclose the 

receipt of data as causing execution of instructions.  See EX1005, 6:60-7:36; 

EX2121, ¶316.  These disclosures state that threads are assigned to source samples 

or allocated space in Register File 350.  Id. The purpose of allocating space in 

Register File 350 is for “retain[ing] intermediate data generated during execution 

of program instructions associated with the thread.”  EX1005, 7:37-40.  Thus, the 

space allocated in Register File 350 is for data during thread processing, not for 

data that is to be processed, which is what claim 2 requires. EX2121, ¶316. 

5. No “Memory” Separate From the “Store” (Claim 6) 

Claim 6, dependent on claim 5, requires “the sequencer further includes 

circuitry operative to fetch data from a memory.”  EX1001, Claim 6.  The claimed 

“memory” must be different from the claimed “store” of claim 5.  EX2121, ¶317. 
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“In the absence of any evidence to the contrary, we must presume that the use of 

these different terms in the claims connotes different meanings.”  CAE 

Screenplates, Inc. v. Heinrich Fiedler Gmbh & Co. Kg, 224 F.3d 1308, 1317 (Fed. 

Cir. 2000). 

Petitioner identifies “Instruction Dispatcher 440” as the alleged circuitry.  

Pet., 37.  However, Petitioner identifies the same components for the “memory” as 

for the “store” of parent claim 5, Pixel Input Buffer, Vertex Input Buffer, and 

Register File 350, by alleging that Instruction Dispatcher gathers source data from 

those components.  Compare id. (identifying “memory”) with Pet., 35 (identifying 

“store”).  This fails to identify a separate claimed “memory.” EX2121, ¶¶318-319. 

6. No “Control Signal” (Claims 7, 10) or “Arbiter” (Claim 10) 

Claim 7 requires “control signal,” and claim 10 requires an “arbiter,” which 

provides the “control signal” of claim 7.  EX1001, Claims 7, 10; EX2121, ¶320.   

Petitioner identifies Thread Control Unit 420 as the claimed “arbiter.”  Pet., 

37-38.  Petitioner doesn’t identify any control signal.  Id.  To the extent it is 

implying that “thread entries,” “state data,” or “priority” are control signals, that is 

incorrect.  Id.  Priority information and state data are not control signals.  EX2121, 

¶321.  Control signals are “electrical signals used to control internal or external 

devices or processes.”  EX2126, 128 (Microsoft Computer Dictionary) (emphasis 

added).  This definition is consistent with how the specification describes signals: 
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“[A]n appropriate signal is sent to the processor 96 on line 101 indicating what 

operation or series of operations are to be executed on the several operands present 

in the source registers.”  EX1001, 5:10-13.  Petitioner concedes this, as it argues 

that the same information satisfies the “information” requirement of claim 7: 

“Thread Selection Unit output thread entries and other thread data, such as state 

data, which provides information to the ‘store.’”  Id. (emphasis added); EX2121, 

¶322.  Further, Petitioner hasn’t explained how the alleged control signals are 

“provided by” the alleged arbiter. Id., ¶323. 

B. Ground 2: Amanatides + Kohn 

1. No Executing Operations Depending Upon An Amount Of 
Space Available In The Store (Claim 5), Much Less 
Performing Vertex Operations Or Pixel Operations Until 
Enough Storage Is Available For The Other Operation 
Type (Claims 1, 3, 4)  

As explained above in Section III.A, the ’454 patent recites three levels of 

specificity in terms of ways the claimed invention must evaluate space available in 

a data storage to determine what operations to perform. EX2121, ¶331. Ground 2 

doesn’t disclose any. 

Petitioner first points to Amanatides’ “load balancing,” which states “[f]or 

example, if there is a lot of texture mapping, the processors spend most of their 

time on this. If most of the primitives are simple, then the processors spend the 

majority of their time on the front end computation.”  EX1007, 157; Pet., 53-54.  
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Petitioner concludes this “discloses load balancing, namely, performing more 

vertex operations or more pixel operations depending on . . . the amount of memory 

available for each type of work.”  Pet., 54.  But this is incorrect on its face.  Ex. 

2121, ¶332. The citation by Petitioner merely discloses that if there is a lot of one 

type of work to do, the processors spend more time on that type of work.  Id. There 

is no disclosure of considering how much available memory space there is for an 

incoming type of work, as required. Id. 

Petitioner then points to Amanatides’ high and low priority packets.  Pet., 

54-55.  The high- and low-priority designations are a bus-sharing protocol, in 

which “[l]ow priority packets get onto the bus only if no high-priority packets are 

waiting to be sent.”  EX1007, 159.  As with the above, this doesn’t disclose 

considering the amount of available storage space. EX2121, ¶333. 

The ID relied on the implementation of the priority scheme in Amanatides to 

find it discloses the above elements.  ID, 57.  However, in Amanatides there are 

only ever three decision points regarding what data to transmit and process.  

EX2121, ¶334. None of them involve deciding what type of packet to execute even 

in part based on how much space is available in the input FIFOs, the alleged 

“general purpose register block” (claim 1), “shared resources” (claims 3, 4), and 

“store” (claim 5)).  Id. Petitioner also alleges a few other items as comprising the 
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register block, but notably doesn’t allege that the output FIFO is a part of the 

claimed register block, although the correct conclusion would be unchanged. Id. 

First, in this scheme, GMs (the alleged vertex data and/or the messages that 

correspond to vertex operations) are sent for processing.  EX1007, 160; Pet., 51, 

54-55;  EX2121, ¶335.  This first decision point (to the extent any decision is made 

at all during startup) doesn’t involve a determination of available space in the input 

FIFOs, or any other alleged component that Petitioner alleges comprise the 

general-purpose register block, shared resources, or store.  Id. This is simply the 

default starting rule.  EX2123, 38:23-39:6 (Petitioner’s expert agreeing that at 

startup, GMs are sent from the host, and there is no disclosure of the host sending 

RMs). 

Second, “[a]s soon as one of these GMs turns into a RM it shuts down 

further introduction of GMs from the host,” triggering a second phase of operation.  

EX1007, 160; EX2121, ¶336.  Thus, the second decision point, the transition from 

sending GMs for processing to sending only RMs for processing doesn’t consider 

available storage space in the input FIFO or any other alleged component that 

Petitioner alleges comprise the general-purpose register block, shared resources, or 

store.  Id. The only consideration is that one GM has been turned into an RM.  Id.  

Petitioner’s expert conceded that fact.  EX2123, 40:15-44:18.  After that triggering 

event, in this second phase of operation, only RMs are sent to input FIFOs for 
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processing, and they are sent from the output FIFOs that store data after operation.  

EX1007, 159-160.  Therefore, to the extent that the ID held that the statement 

“[w]henever space appears at any input FIFO it is the RMs that are delivered to it” 

indicates an evaluation of available storage space in determining which data type 

to process, that is incorrect, because there is no determination of data type to 

process in this phase: once one GM is converted, only RMs are sent and processed. 

Third, a third phase of operation, in which “the host begin to deliver GMs 

again” is triggered by the system running out of RMs to deliver to input FIFOs for 

operation, i.e. “when all the output FIFOs are empty and the processors are 

working on the remaining RMs in their input FIFOs.”  Id., 160; EX2121, ¶¶337-

338.  This third decision point, the transition from sending only RMs for 

processing to sending GMs for processing, therefore also doesn’t consider 

available storage space in the input FIFO or any other alleged component that 

Petitioner alleges comprise the general-purpose register block, shared resources, or 

store, as Petitioner’s expert conceded.  Id.; EX2123, 47:11-48:5.   

The ID appears to hold that this transition point considers storage space in 

the output FIFO.  ID, 57.  That is incorrect, because it merely evaluates whether 

there is RM work to do, not whether there is finally once again enough storage 

space for GMs, which it never determined was lacking in the first place.  

Moreover, GMs are never delivered to the output FIFOs, so evaluation of space 
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there would not establish there is space for storing incoming GMs as required, 

anyway.  And even if the ID were correct, the output FIFO is not part of the 

alleged “general purpose register” (claim 1), “shared resources” (claims 3, 4), and 

“store” (claim 5).  EX2121, ¶338. The input FIFO is alleged to fill that role, among 

other components, such as DRAM, a bus, and an on-chip cache.  Pet., 46-47.  And 

the output FIFO could not fill the role of the general-purpose register block, as that 

is the memory in the claims that data is put for processing (which Petitioner 

contends is the input FIFO), whereas the output FIFO is the place for data after 

processing. EX2121, ¶338. 

Thus there is no disclosure in Amanatides that meets even the broadest 

recitation of the concept, which is in claim 5.  Id., ¶339. 

Amanatides further fails to disclose the narrower requirements of claims 1, 

3, and 4 as well.  Id., ¶340. 

As to claim 1, there is no consideration in Amanatides of whether the 

alleged “general purpose register block” (the input FIFO and/or other components) 

has enough available space to store the alleged incoming vertex data (GMs).  Id. In 

the first phase of operation, GMs are sent, stored and operated on; and nothing in 

Amanatides causes the system not to send and process GMs if “the general purpose 

register block does not have enough available space therein to store incoming 

vertex data.”  Id. In the second phase, there very well might be space to store GMs 
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in the input FIFOs.  Id. But because the output FIFOs still have RMs, the system 

refuses to attempt to send, store, and process any GMs.  Id. It chooses not to store 

GMs not because it cannot fit them in memory, as required by the plain claim 

language, but because it prefers to work on RMs until all RMs are gone to prevent 

deadlock.  Id. And there is no disclosure of processing RMs “until enough registers 

within the general purpose register block become available,” as required in claim 

1.  Id. There is simply no evaluation of whether to cease processing RMs, or begin 

sending and processing GMs, on the basis that there is once again enough space for 

GMs in the input buffers or anywhere else. Id.  

Similarly, as to claim 3, the system in Amanatides doesn’t perform the 

alleged pixel calculations (RMs) “until enough shared resources become available” 

for the alleged vertex calculations (GMs).  Id., ¶341. Rather, it performs RM 

processing until it runs out of RMs to process.  Id. To the extent the space of 

anything is evaluated, it is the output FIFO, which are not the alleged “shared 

resources,” which are the input FIFO.  Pet., 46-48, 56-57 (alleging “input FIFO” 

but not the output FIFO as the GPRB).  However, even that is not an evaluation of 

whether enough shared resources are available: it simply states that there is no 

more RMs to process.  EX2121, ¶341. Enough resources may have been available 

before that time, or they still may not be available when there are no more RMs to 

process; Amanatides simply doesn’t check. Id. 
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Nor does Amanatides disclose claim 4.  EX2121, ¶342. Even if the Board 

disagrees with all of the above, Amanatides cannot be said to perform alleged 

vertex processing (on GMs) until enough shared resources for the alleged pixel 

processing (on RMs) becomes available as required by claim 4, which requires the 

reverse sort of operation of claim 3.  Id. The only transition from GM processing to 

RM processing is explicitly “[a]s soon as one of these GMs turns into a RM.”  

EX1007, 160.  Even if petitioner were right about the transition from RM 

processing to GM processing, which is not, as explained above, the only evaluation 

of when to begin performing pixel processing (allegedly the RM processing), as 

required by claim 4 has nothing to do with storage space. EX2121, ¶342. 

Claim 5 is not disclosed for an additional reason.  Id., ¶343. Petitioner 

doesn’t specifically allege what is the “store.”  Pet., 57.  The ID incorrectly states 

Petitioner alleges the input FIFO is the “store.” ID, 57. Instead, for claim 6, 

Petitioner claims the “FIFOs” are the “selection circuit” that sends packets to the 

store, and thus cannot be the “store.”   Pet., 59.  Thus, Petitioner hasn’t alleged a 

theory in which the input FIFO is the “store,” and so its allegations fail as to that 

claim for that reason alone.  And what is alleged to be the “store,” the on-chip data 

cache, is not ever evaluated for storage space (or anything else) to determine what 

data to transmit and process in Amanatides.  EX2121, ¶343. Thus, even if the 
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Board disagrees with the above analysis regarding claim 5 that is similar to that of 

the other claims, claim 5 is not invalid for this additional reason. 

Kohn is not alleged to fix the deficiency with Amanatides, but rather is used 

for the concept of switching “at various stages of completion.”  Id., ¶344; Pet., 55-

56. 

Thus, Ground 2 fails to disclose the above limitations of claims 1 and 3-5. 

2. No Processor Unit That Performs Vertex Manipulation 
Operations And Pixel Manipulation Operations At Various 
Degrees Of Completion Based On Switching Between 
Instructions In The Instruction Store (Claim 11) 

As Petitioner’s expert conceded, this claim element requires switching 

between partially-complete (i.e., unfinished) operations.  EX2123, 61:16-62:2; 

EX2121, ¶345.   

Petitioner argues that the “dual-operation mode” within the “pipelined 

mode” in Kohn discloses this limitation.  Pet., 55-56; EX2121, ¶¶346-347.  But 

neither it nor its expert has done nothing whatsoever to prove that fact other than to 

alleged without support that “that the functional units within each i860 processor 

could not only be performing vertex operations and pixel operations 

simultaneously, but at various degrees of completion, based on switching between 

instructions in the instruction cache.”  Pet., 55.  

A pipeline doesn’t operate perform operations at various stages of 

completion based on switching between instructions in the instruction store. 
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EX2121, ¶348. In a pipeline, data comes in, one operation is done on it, then it 

moves to the next stage where another operation is done on it, etc.  Id. Kohn 

describes distinct operations in its pipeline: “The RISC core contains a pipeline 

consisting of four stages: fetch, decode, execute, and write.”  EX1008, 17.  Thus, 

there is no support for the argument that Kohn teaches operating them at various 

degrees of completion, much less based on switching instructions that are in an 

instruction store.  EX2121, ¶348.  The instructions are already loaded in the blocks 

that perform the instruction; there is no fetching of instructions from the instruction 

store, as required.  Id.  The fact that there might be parallel paths or “dual-

operation” doesn’t change that, because it doesn’t change the fact that operations 

are not performed in a partially-complete state.  Id.  

Moreover, there is no discussion of why using the pipeline of Kohn would 

be in any way relevant or beneficial to Amanatides, including the relied-upon load-

balancing and deadlock solution, or any other part of Amanatides, or even how the 

proposed combination would work.  Pet., 53-56; EX2121, ¶348.  Even if some 

concoction could be made, Petitioner hasn’t adequately explained it or why it 

would be obvious and motivated. 

3. No “Selected Data” (Claims 2, 5) 

Claims 2, 5 of the ’454 Patent require selecting data from a data store, 

transmitting that data to the processor, and operating on that data.  EX1001, Claims 
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2-5.  But there is no process in Amanatides or Kohn for selecting data from a data 

store.  EX2121, ¶350.  As Petitioner’s expert conceded, to meet this claim 

limitation, the data must be in the general-purpose register block (claim 2) or data 

store (claim 5) while it is selected.  EX2123, 79:16-24. 

But the reliance by Petitioner and the ID on the “priority” of certain data 

over others in Amanatides doesn’t establish a means by which data is selected 

“from the general purpose register block” (claim 2) or from “a store” (claim 5).  

EX2121, ¶351.   

There is no selection of GMs versus RMs sitting in any alleged register 

block or data store.  EX2121, ¶352. Rather, as explained in the previous section, 

there are different modes of operation: at first GM only, then RM only, then GM 

only.  Id. The system then “oscillate[s]” back and forth between these modes.  

EX1007, 160.  This doesn’t disclose selecting GM versus RM from a register block 

or data store.  EX2121, ¶352. In the GM-only phases, GMs are sent from the host 

to the input FIFOs.  Id. The host is not alleged to be a register block or data store, 

nor could it be, because, as explained below in the following section, it is outside 

the alleged unified shader.  EX2121, ¶351. In this phase, after being sent from the 

host, there is no selection; the data is simply processed. Id., ¶352. And RMs, which 

are only sent to be processed in the RM-only phase, are never sent from the host, in 

any phase; instead, as Petitioner’s expert conceded, all RMs in the system are 
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generated only from the act processing GMs, and all of them are delivered then to 

an output FIFO (which is not alleged to be part of the register block or data store, 

see Section V.B.1) and then to an input FIFO for processing; there is no selection 

from the claimed data stores.  EX1007, 159-160; EX2123, 35:7-36:4 (agreeing that 

Amanatides doesn’t disclose RMs “com[ing] from any other source besides being 

converted from GMs”).   

Thus, there is no world in which GMs and RMs are sitting in a register block 

or data store and are selected from, which is the apparent read by Petitioner and the 

ID. EX2121, ¶352. 

4. Alleged “Selection Circuit” Is Not Within Alleged “Unified 
Shader” As Required (Claims 7, 10) 

Claims 7 and 10 require the “shader of claim 5, further including a selection 

circuit.”  EX1001, Claims 7, 10.  But the alleged unified shader doesn’t include the 

alleged selection circuit, and thus the ground fails for claims 7 and 10. EX2121, 

¶353. 

Petitioner alleges the unified shader is each G/R processor, which is 

equivalent to each i860 processor, e.g., in Figure 4, as Petitioner’s expert agreed.  

EX1007, 158; Pet., 46 (“Thus, Amanatides termed the unified shader unit the G/R 

unit.”), 48 (referencing “each G/R shown in Amanatides (the i860 processor).”); 

EX2123, 6:2-17, 10:5-11 (“[T]he G/R unit is the i860.”). 



Case No. IPR2023-00922 
U.S. Patent No. 8,760,454 

47 
 

Petitioner then alleges that the selection circuit is “met by at least the bus 

and FIFOs, which are operative to provide packets (‘information’) to the DRAM, 

VRAM, and on-chip data cache (‘store’).”  Pet., 59.  But the bus and FIFOs are not 

part of the alleged unified shader.  EX2121, ¶355. Figure 4 of Amanatides shows 

that the bus and FIFO are outside of the i860 processors. Id. 

 

EX1007, Fig. 4 (annotated).  The text of Amanatides explains this is also the case: 

“The processors would be connected to each other and the host via a bidirectional 

FIFO connected to a message passing bus.”  Id.  Thus, while the bus and FIFOs are 
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used to connect the processors, they are not part of each G/R processor alleged to 

be the unified shader. EX2121, ¶355. 

The preambles, each of which recite a unified shader, are limiting, and thus 

the structure recited within is required.  EX1001, Claims 1-11.  “[A] preamble 

limits the invention if it recites essential structure or steps, or if it is necessary to 

give life, meaning, and vitality to the claim.”  Catalina Mktg. Int’l v. 

Coolsavings.com, Inc., 289 F.3d 801, 808 (Fed. Cir. 2002).  The “unified shader” 

language gives additional structure which has been “underscored as important by 

the specification,” and is thus limiting.  Id.  The specification explains that the 

unified shader is, for example, “capable of performing both the vertex operations 

and the pixel operations in a space saving and computationally efficient manner.”  

EX1001, 2:58-61; EX2121, ¶356.   

Further, claims 1 and 11 also recite “the unified shader” in the body of the 

claims, making it unambiguous that the term “a unified shader,” which provides 

antecedent basis in the preamble, is limiting.  Id. The same is true of other claims, 

as there is no reason to differentiate them. Id. 

“Clear reliance on the preamble during prosecution to distinguish the 

claimed invention from the prior art transforms the preamble into a claim 

limitation because such reliance indicates use of the preamble to define, in part, the 

claimed invention.”  Catalina, 289 F.3d at 808.  This was so here, as the applicant 
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distinguished prior art as having “separate vertex shader and separate pixel 

shader[s],” arguing there was thus “no teaching or suggestion of any unified 

shader.”  EX1002, 358-359 EX2121, ¶357. 

Petitioner doesn’t contest that the preambles are limiting; no claim 

construction was proposed by Petitioner, and Petitioner sought to prove every 

preamble was disclosed by the prior art.   

5. No “Control Signal” (Claims 7, 10) 

Claim 7 requires a “control signal” and claim 10 requires the arbiter to 

provide the control signal to the selection circuit.  EX1001, Claims 7, 10; EX2121, 

¶358.  Petitioner argues that the arbiter sends GM and RM packets to the selection 

circuit, and the claimed control signal is part of the packet, in the form a priority 

designation.  Pet., 59-60.   

First, there is no disclosure that the packets themselves contain a priority 

designation.  EX2121, ¶359. Petitioner’s theory is that GMs are given low priority 

and RMs are given high priority.  A POSITA would understand that given this pre-

set priority scheme, it would be a waste of resources to list the priority in the 

packet.  Id. Rather, the system would simply treat the different packets differently 

based on type.  Id. 

Moreover, neither priority data, or packet type are a “control signal.”  As 

The GM and RM packets are data.  EX1007, 159.  This is consistent with a 
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POSITA’s understanding of packets, which are units of information or data being 

transmitted.  EX2125, 244 (Dictionary of Computing); EX2121, ¶358. 

In contrast, a POSITA would understand control signals are “electrical 

signals used to control internal or external devices or processes.”  EX2126, 128; 

EX2121, ¶360.  This definition is consistent with how the ’454 Patent’s 

specification describes signals: “[A]n appropriate signal is sent to the processor 96 

on line 101 indicating what operation or series of operations are to be executed on 

the several operands present in the source registers.”  EX1001, 5:10-13.  A control 

signal is an instruction from the sender to the recipient, not mere data that the 

recipient can interpret however it chooses.  EX2121, ¶360.   

6. No “Selection Circuit” or “Arbiter,” “(Claim 10) 

Claim 7 requires “a selection circuit operative to provide information to the 

store in response to a control signal.”  Claim 10 adds the requirement of an arbiter 

that provides the control signal to the selection circuit. EX2121, ¶361. 

Petitioner alleges that “the ‘selection circuit’ of claim 7 is met by at least the 

bus and FIFOs, which are operative to provide packets (‘information’) to the 

DRAM, VRAM, and on-chip data cache (‘store’) in response to a control signal, 

such as whether the packets are designated high-priority or low priority as 

explained further below.”  Pet., 59.  But neither the bus nor the FIFOs can be 
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“selection circuits.” EX2121, ¶362. FIFOs are merely memory, not selection 

circuits.  Id. And bus lines are merely transmission lines, not selection circuits. Id. 

Further, Petitioner alleges that the bus and FIFOs provide packets to the 

DRAM, VRAM and on-chip cache to meet the claim requirement that the selection 

circuit be “operative to provide information to the store in response to a control 

signal.”  Pet., 59.  But it provides no evidence or analysis—all Petitioner alleges is 

that the bus is used to transmit packets.  EX2121, ¶363. There is no indication in 

Amanatides that “packets” are ever sent from the FIFOs or bus to DRAM, VRAM, 

or on-chip cache.  Id. Moreover, there is no indication or analysis proving that the 

alleged “control signal” (which is alleged to be a part of the packet itself) prompts 

such a transmission, as required. Id. 

Petitioner’s mapping of the “arbiter” also makes no sense.  EX2121, ¶364. 

Petitioner admits the references of Ground 2 lack an arbiter and instead alleges that 

time-slot arbitration “would be performed by logic circuits.”  Pet., 59-60.  

Petitioner’s expert explained that the theory is that the identified selection circuits 

make the decision regarding what data type to transmit, and then the undisclosed 

arbiter is used to put the packets on the bus lines in proper time slots.  EX2123, 

83:4-8.  This mirrors the Petition, which recites that the “arbitration” performed by 

the arbiter regards time-slot allocation only.  Pet., 97.  But in this system, the 

alleged arbitration is separate from and happens after selection; the decision is 
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made and then the final sorting onto the bus via timeslots happens by action of the 

undisclosed arbiter, as a POSITA would know.  EX2123, 82:6-83:8; EX2121, 

¶365.  At a minimum, that is the most obvious way to implement the arbiter, and 

without question there can be no inherency argument that it must be done in the 

opposite order, as would be required for Petitioner’s theory.  Id.  In that 

hypothetical system, there is no “control signal” sent from the undisclosed arbiter 

to the alleged selection circuit that prompts transmission of information from the 

selection circuit to the store.  Id. Instead, the undisclosed arbiter merely receives 

packets from the selection circuit, which has already done the selection (not based 

on any control signal from the arbiter), and the arbiter puts it on a bus line. Id. 

C. Ground 3: Selzer + Fiske 

1. No Executing Operations Depending Upon An Amount Of 
Space Available In The Store (Claim 5), Much Less 
Performing Vertex Operations Or Pixel Operations Until 
Enough Storage Is Available For The Other Operation 
Type (Claims 1, 3, 4) 

As explained above in Section III.A, the ’454 patent recites three levels of 

specificity in terms of ways the claimed invention must evaluate space available in 

a data storage to determine what operations to perform.  EX2121, ¶367.  Ground 3 

doesn’t disclose any of these formulations.   

Petitioner relies on the alleged ability of Selzer to “load balance” as 

prioritizing vertex or pixel operations based on “processing load,” i.e., how much 
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work of a given type there is to do.  Pet., 73.  Selzer explains it prefers that its 

rendering module work on rendering calculations, and switches only to geometry 

calculations when the rendering module’s input buffer is empty, as this approach 

operates at “peak performance.”  EX1009, 47-48.  This priority scheme doesn’t 

disclose claims 1, 3, 4, or 5, as it doesn’t evaluate available storage space in 

determining what to process.  EX2121, ¶368.  

Petitioner also points to thread prioritization discussion in Fiske.  Fiske 

regards a “thread prioritization” algorithm, as stated in its title.  EX2121, ¶369. 

“Thread prioritization is a simple means of guiding the scheduling of threads on a 

node. Each thread has a priority that indicates the importance of the thread in the 

overall problem . . . Thread prioritization involves assigning a priority to all the 

different threads in an application, and then using this priority to make thread 

scheduling decisions.”  EX1010, 210-211.  There is no assessment of available 

space for storage that impacts Fiske’s priority scheme as required by the claims. 

EX2121, ¶369. 

As explained in Grounds 1 and 2, see Sections V.A.2 and V.B.1, assigning 

priorities to threads, data, or data types, doesn’t disclose determining what data to 

transmit and process based on an evaluation of current data storage capacity, as 

required by claims 1 and 3-10 of the ’454 Patent.   EX1009, 46-47 (rendering 

module performing geometry processing once it performs all rendering); EX1010, 
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211 (“Thread prioritization involves assigning a priority to all the different threads 

in an application, and then using this priority to make thread scheduling decisions. 

. . . [T]he hardware scheduler uses the priority to determine which loaded thread to 

execute.”); EX2121, ¶370.  Although Petitioner asserts that Selzer and/or Fiske 

teaches more, such as (in Petitioner’s words) “if enough shared resources are not 

available for pixel processing, then the Selzer/Fiske combination would allocate its 

thread contexts for vertex processing” and “[t]he same would hold true if enough 

shared resources were not available for vertex processing, then Fiske would 

prioritize and process pixel operations,” none of its citations support that, and its 

expert merely parrots Petitioner, without any analysis or evidence supporting such 

an interpretation of Selzer.  Id. 

Rather, in Selzer, the rendering module (the alleged unified shader) will only 

begin to process geometry operations if it has no rendering operations to perform.  

EX1009, 47.  That is, like other load balancing schemes, the only consideration of 

when to switch is how much work of a given type there is to do.  EX2121, ¶371. 

There is no disclosure in Selzer that it switches from rendering operations to 

geometry operations on the basis of having enough available space for geometry 

operations in any of Petitioner’s identified memories.  See id.  Fiske likewise 

contains no disclosures that available space is checked prior to executing certain 

threads; what thread it executes is purely based on priority.  EX2010, 211. 
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Further, the claims have specific differences beyond the evaluation of 

storage space that Selzer and Fiske fail to disclose.  EX2121, ¶372. Claim 1 

requires performing vertex operations until there is no more room in the general 

purpose register block for more incoming vertex data, in which case continuing to 

perform pixel operations until enough space appears to once again store vertex 

data.  Id. But Selzer’s rendering module, the alleged unified shader, doesn’t do 

that.  Instead, it operates on rendering data, which Petitioner alleges to be the 

claimed pixel data (Pet., 68), and then when it runs out of the alleged pixel data, it 

operates on geometry data, which Petitioner alleges to be vertex data (id.).  There 

is no disclosure at all when to cease sending, storing, or operating on the alleged 

vertex data, much less any description of doing so based on not having room for 

vertex data in the general purpose register block, nor any description of continuing 

to execute pixel processing in that scenario.  EX2121, ¶372. There is also no 

description of determining a second time at which there is again room to store 

vertex data. Id. 

Claim 3 requires the processor unit to be “operative to perform pixel 

calculation operations until enough shared resources become available and then 

use the shared resources to perform vertex calculation operations.”  EX2121, ¶373. 

Similar to the above, the triggering event in Selzer in going from the alleged pixel 

calculations (rendering data) to the alleged vertex calculations (geometry data), has 



Case No. IPR2023-00922 
U.S. Patent No. 8,760,454 

56 
 

nothing to do with a determination that at a given time, there is finally enough 

shared resources for geometry data; the only consideration is that there is no more 

rendering data to operate on.  Id. There may have been sufficient resources before 

that happens, but the system has no way of knowing, and thus no way of 

“perform[ing] pixel calculation operations until enough shared resources become 

available and then us[ing] the shared resources to perform vertex calculation 

operations.”  Id.  

Claim 4 is like claim 3 but in the alternative direction; it requires the 

processor unit to be “operative to perform vertex calculation operations until 

enough shared resources become available and then use the shared resources to 

perform pixel calculation operations.”  EX2121, ¶374. There is no disclosure in 

Selzer of processing the alleged vertex data (geometry data) until there is enough 

room for processing the alleged pixel data (rendering data).  Id. There is not even 

disclosure of a switch in that direction.  Id. The only switch described for the 

rendering module is switching from rendering data to geometry data, not from 

geometry data to rendering data.  Id. And again, even the switch in the wrong 

direction is only done based on whether or not there is any rendering work to do. 

Id. 
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2. No Processor Unit That Performs Vertex Manipulation 
Operations And Pixel Manipulation Operations At Various 
Degrees Of Completion Based On Switching Between 
Instructions In The Instruction Store (Claim 11) 

This claim requires the processor unit to switch between unfinished vertex 

operations and pixel operations.  EX2121, ¶375; EX2123, 61:16-62:2.  Petitioner 

relies on purely on Fiske, which doesn’t disclose this functionality.  Pet., 78.   

Petitioner relies on Fiske’s thread priority system.  Pet., 72 (“Because Fiske 

assigns a priority to each and every thread in the system, the scheduling and 

instruction selection may be very fine-grained and lead to an efficient and dynamic 

system that is able to move back and forth between vertex and pixel operations 

very rapidly.”), 73-74 (describing Fiske’s scheduling algorithm). “[T]he goal is to 

identify as exactly as possible a relative order in which threads should be run, and 

devote as many resources as possible to the most important threads.”  Id.  Fiske 

describes loading the highest priority threads to the processor.  Id.  Loaded threads 

are then scheduled by Fiske’s scheduler for execution by the processor.  Id.   

This doesn’t disclose switching mid-thread, but even if it did, Petitioner’s 

expert’s theory is that the instructions that are constituent parts of the thread are 

the “operations” of claim 11.  EX2123, 86:11-15 (“Fiske describes switching 

among different instructions, so the instructions are the operations” of claim 11); 

EX2121, ¶¶375-376.  And Fiske says nothing about switching between incomplete 

threads, much less incomplete individual instructions, and Petitioner hasn’t 
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identified anything.  Id. Rather, Petitioner’s arguments are entirely conclusory, and 

not tied to any specific disclosure in Fiske. For example, Petitioner claims “Fiske 

performs another selection to determine which resources should be used for vertex 

or pixel operations,” when in fact Fiske doesn’t even mention vertex or pixel 

operations.  Pet., 74; EX1010; EX2121, ¶376.   

However, to the extent Fiske does disclose switching execution between 

unfinished threads, and further unfinished instructions, it doesn’t do so between 

vertex and pixel threads and instructions because it is indifferent to vertex and 

pixel operations; any purported switching occurs only between loaded high priority 

threads.  EX2121, ¶377; EX1010, 211.  Fiske doesn’t discuss graphics processing 

at all.  Id.   

Moreover, even if Fiske disclosed what Petitioner alleges, there is no 

motivation to add that functionality to Selzer.  EX2121, ¶378. Selzer wants its 

rendering module to render if there is any rendering work to do, because that 

results in “peak performance.”  See EX1009, 47-48.  That is, only if it is in an “idle 

state,” which occurs “if there is no rendering data in his input buffer,” does the 

rendering module “request new unprocessed geometry objects and continue 

geometry calculations.”  Id.  For the rendering module to switch between rendering 

and geometry, it “consumes time.”  Id., 48.  Therefore, a POSITA would not add 

the ability to switch between unfinished pixel and vertex threads to Selzer, which 
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would decrease Selzer’s efficiency at processing graphics in the manner it deems 

most efficient and with highest performance, with no upside.  EX2121, ¶378. 

Separately, Petitioner hasn’t explained how Fiske (or Selzer) would switch 

between incomplete pixel and vertex operations “based on switching between 

instructions in the instruction store.”  EX1001, Claim 11 (emphasis added).  

Petitioner merely asserts that switching between instructions of different threads 

meets the limitations of claim 11 but doesn’t describe how those instructions are 

located within an instruction store, which Petitioner alleges is Selzer’s master 

module.  Pet., 74; EX2121, ¶379. 

3. No Execution of Instructions “In Response to” Receiving 
Selected Data (Claim 2) 

Petitioner doesn’t even allege that the execution by Selzer’s alleged 

processor unit is done in response to selected data.  Pet., 70-71 (regarding the 

“processor” element); Pet., 66-72 (regarding claim 2 of the ’454 Patent); EX2121, 

¶380.  Without such an allegation, the analysis can end there, and the ground fails 

as to claim 2. 

Fiske itself states the opposite.  EX2121, ¶381. The ground relies on Fiske’s 

“thread prioritization scheduling scheme,” which is “a simple means of guiding the 

scheduling of threads on a node,” to explain how the alleged combination decides 

what the processor will execute and when.  Pet., 70-72; EX1010, 211.  Fiske 

confirms that it is the receipt and loading of threads, or groups of instructions, that 
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cause execution—not receipt of data. “The software scheduler uses the priority to 

decide which threads are loaded . . . the hardware scheduler uses the priority to 

determine which loaded thread to execute.” EX1010, 211; EX2121, ¶341; 

EX2121, ¶381. 

The ID held that “performing rendering or geometry processing based on the 

data received” meets the claim requirement.  First, there was no allegation in the 

petition regarding this theory, and it is improper for the Board to add new theories.  

In re Magnum Oil Tools Int’l, Ltd., 829 F.3d 1364, 1381 (Fed. Cir. 2016).  

Second, it is incorrect.  EX2121, ¶382. The fact that somehow operations are done 

on data doesn’t mean that that the “processor unit executes instructions . . . in 

response to selected data.” Id.  All Selzer discloses is that the rendering module 

receives data, and at some point processes it.  EX1009, 41.  If the triggering event 

is the receipt of instructions, as it is in Selzer and Fiske, rather than receipt of data, 

the execution simply is not “in response to selected data,” it is simply on selected 

data, in response to receiving instructions. EX2121, ¶382. 

4. Alleged “Sequencer,” “Instruction Store,” “Circuitry,” 
“Selection Circuit,” and “Arbiter” Are Not Within Alleged 
“Unified Shader” As Required (Claims 2, 5-7, 10, 11) 

Claims 2, 5, and 11 each require a “sequencer” that “maintain[s] 

instructions” or “instruction store” that stores in instructions, each of which being 
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part of the unified shader. See Section V.B.4 (providing preamble is limiting), 

supra; EX2121, ¶383. 

But the alleged sequencer and the alleged instruction store in Ground 3 are 

not within the alleged unified shader, and thus the ground fails as to claims 2, 5, 

and 11.  EX2121, ¶384. Petitioner identifies Selzer’s “rendering module” as the 

claimed unified shader.  Pet., 67, 75.  Petitioner identifies Selzer’s master module 

as the claimed sequencer, as its expert confirmed.  Pet., 71 (in section regarding 

“sequencer” of claim 2, describing only abilities of master module); EX2123, 

101:4-15. 

But the master module is outside the rendering module, not inside it as 

required.  EX2121, ¶385. Selzer describes the master module and the rendering 

module as “different units.”  EX 1009, 40.  This is also seen in Figures 4.2 and 4.4 

of Selzer: 
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EX1009, 42 (annotated). 

 

EX1009, 44 (annotated). 
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 Petitioner identifies Selzer’s master module as also meeting the “circuitry” 

of claim 6. Pet., 75. Thus the alleged “circuitry” of claim 6 within the sequencer of 

claim 5 is not within the alleged unified shader, either. EX2121, ¶386. 

Petitioner’s theories with respect to “selection circuit” and “arbiter” also fail.  

EX2121, ¶387. Petitioner doesn’t clearly identify what it alleges to be the 

“selection circuit,” it only says it is “shown below” with an excerpt of Selzer’s 

Figure 4.4 with no annotations to which components it is identifying.  Id.; Pet., 76. 

To the extent that it is the master module and/or the “Arbiter” of Figure 4.4, these 

components are also not within the claimed unified shader as required in claim 7 

and 10.  EX2121, ¶387. To the extent the “arbiter” is the DSP of the master 

module, this also fails. Id. 

5. Alleged “Sequencer” And “Instruction Store” Do Not 
Maintain Instructions (Claims 2, 5, and 11) 

Separately from the failures described in Section V.C.4 above, the master 

module (alleged sequencer and instruction store) of Selzer doesn’t satisfy the 

requirement of claims 2, 5, and 11 of “maintaining instructions” or storing 

“instructions in the instruction store.” Ex. 2121, ¶388; EX1001, claims 2, 5, and 

11. 

Petitioner’s theory is that “the master module in Selzer accesses the graphics 

data in the system and ‘fetches the next primitive or task automatically.’”  Pet., 71.  

But as Petitioner’s expert agreed in deposition, the Petition and his declaration 
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were incorrect.  EX2123, 107:6-23. It is the geometry module—not the master 

module—that performs the function that Petitioner relies on as its evidence of why 

this limitation is disclosed.  EX1009, 43 (“If a geometry module has finished the 

last task, it accesses the geometry bus and fetches the next primitiv[e] or task 

automatically.”); EX2123, 107:6-17 (agreeing that “it’s the geometry module” that 

fetches the next primitive or task automatically and his report was erroneous); 

EX2121, ¶389.  The geometry module wholly distinct from and not a part of the 

master module, as described above, and shown in Figure 4.2 of Selzer.  Id.  

Petitioner argues that Selzer also says the master module is the “systems 

supervisor, handles communication to the host processor and is responsible for 

start-up and synchronizing activities.”  Pet., 71.  Nothing here states the master 

module “maintains instructions,” as required.  EX2121, ¶390; EX1009, 40.  The 

master module’s role is “put[ing] the high order primitives like splines, polygons, 

meshes or triangles,” i.e., data, “into the data FIFO.”  Id.  As Petitioner’s expert 

conceded, the claimed instructions are different from mere data.  EX2123, 24:14-

25:1. 

Petitioner further argues that “[t]he master module gathers the graphics data 

and tasks and supplies those tasks (data and instructions) to the appropriate 

processor unit.”  Pet., 71-72.  But that is incorrect.  EX2121, ¶391. All Selzer says 

is that the master module puts data into the data FIFO.  EX1009, 41 (defining “The 
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Master Modul [sic]” by stating: “The master module traverses the graphics data 

structure and feeds graphics data to a special first-in-first-out memory (FIFO) for 

delivering to the appropriate processors.”); 43 (“The master module traverses the 

graphics data structure and puts the high order primitives like splines, polygons, 

meshes or triangles into the data FIFO.”).  As explained above, it is the geometry 

module that handles instructions. EX2121, ¶391. 

 Petitioner further argues that Fiske in combination with Selzer also discloses 

the sequencer.  Pet., 72.  This theory builds on Selzer according to Petitioner.  Id.  

But Petitioner doesn’t actually identify any component in Fiske as the claimed 

sequencer, and focuses on adding Fiske to Selzer’s rendering module, not the 

alleged sequencer, the master module. Id. The alleged ability of Fiske to assign 

priorities on a per thread basis doesn’t disclose a sequencer, nor does Petitioner say 

so.  EX2121, ¶392. 

6. No “Arbiter” (Claim 10) or “Control Signal” (Claims 7, 10) 

Petitioner seemingly identifies the DSP of the master module as meeting the 

claimed “arbiter” required in claim 10.  Pet., 76-77; EX2121, ¶393.  However, 

Selzer doesn’t disclose any arbitration abilities by the DSP, nor the provision of a 

control signal.  EX1009, 39-40.  Thus, Petitioner’s theory is unsupported by 

Selzer’s disclosures. 
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Additionally, Petitioner failed to identify any “control signal” outside of 

conclusory allegations.  EX2121, ¶394. The petition alleges that the DSP of the 

master module generates a control signal but cites to nothing from Selzer.  Pet., 76.  

Dr. Pfister cites to Selzer pages 43-45 but they do not disclose any control signal 

that is allegedly generated by the DSP of the master module, nor do any others.  

EX1003, ¶251; EX2121, ¶394. Selzer contains only two references to DSP, and 

none of them describe anything regarding a control signal.  Id.; EX1009, 39-40.   

Petitioner also alleges that the combination of Selzer and Fiske discloses 

claims 7 and 10.  Pet, 76-77.  Petitioner identifies the master module of Selzer and 

the scheduling arbiter of Fiske as the selection circuit, but the same issues 

described above apply here in that the master module is part of the alleged unified 

shader, the rendering module.  EX2121, ¶395. 

With respect to claim 10, Petitioner identifies Fiske’s hardware scheduler as 

the claimed arbiter and claims that its “simple hardware” provides a control signal.  

But there is no disclosure of a control signal provided by the “simple hardware” in 

Fiske.  EX2121, ¶396. All Fiske states is: “On a context switch, the hardware 

scheduler chooses the loaded thread with the highest priority as the next thread 

using simple hardware, in order to minimize context switch overhead.”  EX1010, 

211.  Nor has Petitioner shown or alleged that the alleged arbitration disclosed by 

Fiske requires providing a control signal.  EX2121, ¶396. 
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7. No Motivation to Combine Selzer and Fiske 

Petitioner’s arguments for motivation to combine amount to nothing but 

conclusory statements.  Petitioner asserts that it would be obvious for a POSITA to 

combine Selzer and Fiske because both are directed to dynamic load balancing 

schemes.  Pet., 64.  But Fiske literally says that it is not: “We do not consider 

dynamic load balancing issues in this paper.”  EX1010, 211; EX2121, ¶397. 

Further, combining Fiske with Selzer because it would be antithetical to 

Selzer’s disclosure that its “peak performance” is when “all rendering processor 

power is exploited for rendering calculations and the rendering are working 

continuously.”  EX1009, 48.  It would make no sense to switch away from 

processing rendering calculations if such calculations were unfinished, as 

Petitioner suggests is disclosed by Fiske.  EX2121, ¶398. Doing so would lose the 

system’s peak performance. Id. 

The only time it makes sense for Selzer’s rendering module to work on 

geometry is when “there is no rendering data in [the rendering processor]’s input 

buffer.”  EX1009, 47.  But Selzer already discloses an adequate task switching 

ability which maintains its peak performance.  Id.  Thus, adding Fiske solely for 

the purpose of switching threads, as opposed to tasks, is unnecessary and not 

something a POSITA would do.  EX2121, ¶399. 
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Finally, Selzer provides very little details regarding what DSP it uses.  

EX1009, 39-40; EX2121, ¶¶404-405.  Fiske’s architecture is very different from 

Selzer as it is focused on highly parallel computing systems where threads interact 

through communications and synchronization methods.  Id., ¶400-404. Fiske is a 

research prototype with innumerable design details that need to be sorted prior to 

actual implementation requiring a significant amount of engineering design, 

research, and validation.  Id., ¶¶406-407. Given the lack of details provided by 

Selzer and Fiske, Petitioner hasn’t shown that a POSITA would have a reasonable 

expectation of success in combining them.  Id. 

D. Secondary Considerations 

Secondary considerations support non-obviousness of the ’454 patent.  

Further, the ’454 patent is entitled to a presumption of nexus because the 

inventions of the ’454 patent developed in the R400 project are embodied by and 

are coextensive with a specific product – the unified shader used in the Xenos GPU 

of the highly successful gaming console Xbox360.  EX2102 (Lefebvre Dep), 

132:1-149:25, 198:1-199:25, 240:1-241:25, 246:6-14; EX2133, 5; EX2145 

(Andrews), 13; EX2127 (Luebke), 99; EX2121, ¶¶409-410.  Even if not entitled to 

nexus, the objective indicia are the direct result of the unique characteristics of the 

inventions claimed in the ’454 patent, e.g., the unified shader. Id. 
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1. Initial Skepticism of ATI’s Unified Shader 

ATI’s unified shader was greeted with skepticism.  EX2121, ¶411.  For 

example, industry analysts opined that unified shaders were “not the obvious right 

answer right now,” and that Microsoft was “taking a chance” by undertaking the 

“experiment” of unified shaders.  EX2144 (Takahashi), 5. 

Notably, companies such as competitor NVIDIA, publicly criticized the 

unified shader, characterizing it a “Jack of all trades, master of none.”  EX2121, 

¶412; EX2129 (Shilov), 1; EX2130 (Shilov), 1 (“It’s far harder to design a unified 

processor - it has to do, by design, twice as much.”).  Sony agreed: “NVIDIA’s 

approach is superior.”  EX2121, ¶413; EX2146 (Kutaragi), 5. 

Industry members highlighted the difficulties with unified shader 

technology.  EX2121, ¶414;  EX2136 (Shimpi), 7 (“[I]t is even more imperative to 

make sure that everything is running at maximum efficiency” for unified shaders.). 

Others expressed uncertainty regarding the success of unified shader technology.  

Id. (“Performance . . . is a very difficult aspect to assess without testing.”); EX2124 

(Beyond3D), 32; EX2121, ¶415.  The inventors had to even convince others within 

ATI about the merits.  EX2113, 39:23-44:21 (providing “skepticism” if the idea 

would work and “concern” regarding performance). 
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2. Unexpected Results in Developing the Unified Shader 

ATI’s revolutionary efforts in developing its unified shader technology 

amounted to significant, innovative, and disruptive advances over existing graphics 

processors.  EX2121, ¶416. When details about ATI’s unified shader became 

known through the Xenos GPU, the “fresh perspective” of ATI “force[d]” those in 

the industry to “reconsider” the graphics pipeline. EX2124, 1-2. ATI engineers 

themselves also reported experiencing some unexpected results during 

development.  EX2121, ¶417; EX2144, 5; EX2147 (Wasson), 1. 

3. The Unified Shader’s Satisfaction of a Long-Felt Need and 
Failed Attempts by Others 

The unified shader was a fundamentally different approach than the current 

graphics technology available at the time of its launch.  EX2121, ¶418; EX2124, 3 

(the unified shader is “different from others seen before,” and has “a fundamental 

difference with virtually all current shader capable graphics processors.”); 

EX2145, 8; EX2147, 1. 

This fundamentally different approach of the unified shader satisfied long-

felt needs in the industry “[f]or years,” where others failed to satisfy those needs.  

EX2121, ¶419; EX2136, 6; EX2133 (How Xbox360 Works), 5 (“ATI figured out a 

way at the hardware level to address the needs of both types of shaders using the 

same pipeline.”). 
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4. Industry Praise of the Unified Shader in the Xenos GPU 

ATI’s unified shader technology received praise in the industry by experts 

and competitors.  EX2121, ¶¶420-422; EX2131 (Fortune), 3; EX2134 (Kuchera), 8; 

EX2136, 7; EX2133, 4; EX2140 (NeutralX2), 1-3 (describing “innovative use” of 

unified shader architecture as “something special.”); EX2127, 99 (“The net result 

is a flexible parallel architecture that improves GPU utilization and provides much 

greater flexibility for game designers.”); EX2138 (IGN), 5; EX2139 

(RedGamingTech), 1. 

5. Commercial Success of the Xbox360 Containing ATI’s 
Unified Shader  

Despite some skepticism and uncertainty, the new unified shader technology 

experienced significant commercial success, with the Xenos GPU and the 

Xbox360 generating billions of dollars in revenue for ATI and for Microsoft.  

EX2121, ¶¶423-424; EX2132 (Techspot), 13 (“ATI’s revenue rose to a record $2.2 

billion for the year, the highest in the company’s history, aided by shipments of 

Xenos GPUs for the Xbox360.”); EX2128 (Microsoft), 4; EX2135 (Pensky), 1; 

EX2142 (Statista), 1 (Xbox360 accounting for 65% of global market share of video 

game consoles in 2006). 

The commercial success of the Xbox360 is attributable to unified shader 

technology of the ’454 patent in its Xenos GPU.  EX2121, ¶425. This is evidenced 

by the importance of the unified shader with respect to the viability of the 
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Xbox360 in the market and consumer preferences.  EX2136, 10-11; EX2133, 4 

(“[T]he most innovative thing about th[e Xenos GPU] is that it is built on unified 

shader architecture.”). 

6. Adoption by Others 

AMD’s unified shader has been widely adopted by others in the industry, 

such as Qualcomm and NVIDIA.  EX2121, ¶¶426-428; EX2137 (Qualcomm), 2 

(“Qualcomm licensed a GPU from ATI, call[ing] it Adreno 200.”); EX2141 

(Wikipedia-Adreno), 2 (showing Adreno 200 and later models with “Unified 

shader”); EX2143 (NVIDIA), 2 (“Historically, GPUs have had dedicated units for . 

. . vertex processing and pixel shading.  With the unified architecture of the 

GeForce 8Series, NVIDIA designed a single floating point shader core with 

multiple independent processors.”). 

VI. CONCLUSION 

For any of the foregoing reasons, the Board should determine that Petitioner 

has failed to prove that the challenged claims of the ’454 Patent are unpatentable. 
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