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I. INTRODUCTION

1. My name is Joseph C. M¢Alexander ™.

I have been retained as an
expert witness to provide my independent opinion regarding the matters at issue in
inter partes review of U.S. Patent No. 9,367,657 (“the 657 Patent”), IPR2024-
00566. I have been retained by ICPillar LLC (“ICP”), the Patent Owner in the above
proceedings. Petitioner is ARM Limited. (“ARM” or “Petitioner”).

2. I am being compensated $625 per hour for my time spent working in
connection with this case. My compensation is in no way related to the outcome of
this litigation. If called as a witness, I would testify as to the statements and opinions
contained in this report.

3. I am not a legal expert and offer no opinions on the law. However, |
have been informed by counsel of the various legal standards that apply, and I have
applied those standards in arriving at my conclusions.

II. QUALIFICATIONS

4. I am a Registered Professional Engineer (#79454) and the President of
Me¢Alexander Sound, Inc. 1 hold a Bachelor of Science degree in Electrical
Engineering from North Carolina State University. I am a member of a number of
professional organizations, including the Institute of Electrical and Electronics

Engineers, Inc. (IEEE) and the National Society of Professional Engineers. I have

been associated with the integrated circuit and electronics industry as a designer and
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consultant for the past fifty-two (52) years. I am a named inventor on thirty-one (31)
U.S. patents and a number of foreign patents, including patents directed to current
sensors, motion sensors, timing and voltage/current control, signal generation and
detection, and conditional response circuits.

5. My skills and experience are in areas of circuit design, simulation,
layout and analysis, device fabrication and assembly, testing, marketing, control
system design and analysis, manufacturing operations, and respective areas of
quality, reliability, and defect/failure analysis. Specifically, I have:

e designed and managed development, testing, and evaluation of
devices including Dynamic Random Access Memories
(DRAMs), Static Random Access Memories (SRAMs), Charge
Coupled Devices (CCDs), Shift Registers (SRs), and functional
circuits including I/O buffers for address and data, decoders,
clocks, sense amplifiers, fault tolerant, parallel-to-serial data
paths for video applications, level shifters, converters, pumps,
and logic, as well as wireless communication systems and MEMs

applications;

e managed operations including engineering, training, and quality
assurance for device fabrication, assembly, test, analysis, and

reliability assessment, as well as manufacturing control;

e performed testing, analysis, and control involving use of
mechanical calibration and measuring equipment, including

optical, scanning e-beam, IR, capacitive, and laser using phase
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contrast and Fast Fourier Transform (FFT) for High Aspect Ratio
Inspection (HARI) applications; audio and video system design

and installation;

e taught courses in solid state device physics, integrated circuit

design, integrated circuit fabrication, and statistical control;

e provided expert services, investigating both process and design
technologies of various devices (microprocessor and controller,
memory, programmable logic, card, tag, module, mixed signal,
custom, and other), systems (PC and peripheral, computer,
control, laser measurement, switch, architecture, software, and
other), and consumer products (medical, TV, telephone, VCR,
facsimile, copier, lighting, game, pressure sensors, and other);
provided nuclear radiation hardness testing services for military
and space clients; managed the design and installation of audio

sound and video systems for private and commercial enterprises.

6. I also have experience performing intellectual property valuation and
patent portfolio work for companies. For example, when I worked at RMC
Management, I conducted numerous patent portfolio valuations and negotiated
licenses. Also, I was part of a consultant team with ST Microelectronics that
performed patent portfolio valuations and negotiated licenses on behalf of ST
Microelectronics.

7. Because of my background, training, and experience, I am qualified to

provide the expert opinions within this declaration regarding the technology
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described and claimed in the 657 Patent. A more detailed record of my professional

qualifications is set forth in the attached Exhibit A, which is my curriculum vitae,

including a list of publications, awards, research grants, and professional activities.

III. BASES OF OPINIONS

8.

In the course of conducting my analysis and forming my opinions, I

have reviewed materials including those listed below:

1.

11

1il.

1v.

vi.

Vil.

Vviil.

1X.

The Petition by ARM in IPR2024-00476;

U.S. Patent No. 8,924,899 (IPR2024-00476 Ex. 1001) (“the >899
Patent” or “’899”);

The prosecution history of the 899 Patent (Ex. 1002);

The Declaration signed by Dr. Henry Houh in IPR2024-00476
(IPR2024-00476 Ex. 1003) (the “00476 Houh Declaration”);
The Petition by ARM in IPR2024-00566;

U.S. Patent No. 9,367,657 (Ex. 1001) (“the 657 Patent” or “’657”);
The prosecution history of the *657 Patent (Ex. 1002);

The Declaration signed by Dr. Henry Houh in IPR2024-00566
(IPR2024-00566 Ex. 1003) (the “00566 Houh Declaration”);
U.S. Patent No. 5,870,588 (“Rompaey”) (Ex. 1004);

U.S. Pat. Appl. No. 2008/0222581 A1 (“Banerjee”) (Ex. 1005);
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X1.

Xii.

Xiil.

X1v.

XV.

XVI.

XVil.

XVIil.

XiX.

XX.

XXI.

CoWare-a design environment for heterogeneous hardware/software
systems, K. Van Rompaey, D. Verkest, 1. Bolsens and H. De Man,
Proceedings EURO-DAC ’96, Geneva, Switzerland, pp. 252-257
(1996) (Ex. 1006);

CoWare—A design environment for heterogeneous
hardware/software systems, Verkest, D., Van Rompaey, K., Bolsens,
I. et al. Des Autom Embed Syst 1, 357-386 (1996) (Ex. 1007);
ICPillar Preliminary Infringement Contentions, 657 Patent (Ex.
1008);

U.S Pat. No. 5,197,016 (“Sugimoto”) (Ex. 1009);

U.S. Patent No. 4,922,432 (“Kobayashi”) (Ex. 1010);

Fletcher, William 1., An Engineering Approach to Digital Design,
Prentice-Hall, Inc., pp. 491-505 (1984) (excerpts) (Ex. 1011);
ICPillar Opening Claim Construction Brief (Ex. 1012);

Arm Opening Claim Construction Brief (Ex. 1013);

Complaint in ICPillar v. ARM Ltd. et al, 1:23-cv-282 (WDTX) (Ex.
1014);

Scheduling Order in ICPillar v. ARM Ltd. et al, 1:23-cv-282 (WDTX)
(Ex. 1015);

The exhibits and other documents cited herein.
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Earlier, after having reviewed most of the materials above, I submitted a declaration
setting forth my opinions in the IPR-00476 IPR concerning the *899 Patent, which
is listed as the parent application of the 657 Patent on the face of the 657 Patent.
IV. APPLICABLE LEGAL STANDARDS

A. Level Of Ordinary Skill In The Art

9. My opinions in this declaration are based on the understandings of a
person of ordinary skill in the art, which I understand is sometimes referred to as an
“ordinary artisan” or by the acronyms “POSITA” or “PHOSITA,” as of the time of
the invention, which [ understand is here assumed to be the effective filing date (May
23, 2013) of the *657 Patent application from which the 657 Patent issued. I
understand that the person of ordinary skill in the art is a hypothetical person who is
presumed to have known the relevant art at the time of the invention. By “relevant,”
I mean relevant to the challenged claims of the 657 Patent.

10. T understand that factual indicators of the level of ordinary skill in the
art include the various prior art approaches employed, the types of problems
encountered in the art, the rapidity with which innovations are made, the
sophistication of the technology involved, and the educational background of those
actively working in the field. I understand that, in assessing the level of skill of a
person of ordinary skill in the art, one should consider the type of problems

encountered in the art, the prior solutions to those problems found in the prior art

ICPillar, LLC, Exhibit 2001
Page 2001 -9
IPR2024-00566, ARM Limited v. ICPillar, LLC



references, the rapidity with which innovations are made, the sophistication of the
technology, the level of education of active workers in the field, and my own
experience working with those of skill in the art at the time of the invention.

11. In this case, Dr. Houh has asserted in his declaration that a person of
ordinary skill in the art as of the time of the *657 Patent would have had:

a Bachelor’s or Master’s Degree in computer science, electrical
engineering, or a related field, with at least three years of practical
experience in circuit design, digital design, and/or automation tools.

Additional experience could substitute for the advanced degree.
Ex. 1003 [00566 Houh Decl.] q 47.

12.  For the purposes of this declaration, I accept Dr. Houh’s proposed
qualifications of a POSITA. I may, however, revisit the issue, and consider whether
I agree with the correctness of Dr. Houh’s proposed qualifications for a POSITA,
should this case continue.

13.  As further discussed below, my opinions, as stated in this declaration,
do not depend on whether the Board adopts this or a slightly different level of
ordinary skill in the art. For example, as will be discussed throughout my report,
even a person with the level of knowledge or experience described by Dr. Houh or
adopted by the Board would not have a reasonable expectation of success in
implementing certain aspects of the proposed combination as of the priority date of

the ’657 Patent.
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B. My Understanding Of Legal Standards

14.  When considering the 657 Patent and stating my opinions, I rely on the
following legal standards as described to me by the attorneys for ICP.

15. Tunderstand that a patent claim is unpatentable if the claimed invention
was anticipated by a prior art reference or would have been obvious to a person of
ordinary skill in the art at the time of the purported invention.

16. Iunderstand that anticipation requires that every limitation of the claim
at issue be disclosed, either expressly or under principles of inherency, in a single
prior art reference.

17. T understand that inherency may not be established by probabilities or
possibilities. The mere fact that a certain thing may result from a given set of
circumstances is not sufficient. Instead, it must be proved that the claim limitation
not expressly found in the reference necessarily follows from what is found there.

18. I understand that an obviousness analysis involves comparing a claim
to the prior art to determine whether the claimed invention would have been obvious
to a person of ordinary skill in the art at the time of the invention in view of the prior
art and in light of the general knowledge in the art as a whole. I also understand that
obviousness is ultimately a legal conclusion based on underlying facts of four
general types, all of which must be considered: (1) the scope and content of the prior

art; (2) the level of ordinary skill in the art; (3) the differences between the claimed
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invention and the prior art; and (4) any objective indicia of non-obviousness,
including any praise of the invention.

19. I also understand that obviousness may be established under certain
circumstances by combining or modifying the teachings of the prior art. Specific
teachings, suggestions, or motivations to combine any first prior art reference with
a second prior art reference can be explicit or implicit, but must have existed before
the date of purported invention. I understand that prior art references themselves
may be one source of a specific teaching or suggestion to combine features of the
prior art, but that such suggestions or motivations to combine art may come from the
knowledge that a person of ordinary skill in the art would have had.

20. I understand that a reference may be relied upon for all that it teaches,
including uses beyond its primary purpose, but also including teachings that lead
away from the invention. I understand that a reference may be said to teach away
when a person of ordinary skill, upon reading the reference, would be discouraged
from following the path set out in the reference, although the mere disclosure of
alternative designs does not teach away.

21. I further understand that whether there is a reasonable expectation of
success in combining references in a particular way is also relevant to the analysis.

22. 1 understand that it is improper to use hindsight to combine references

or elements of references to reconstruct the invention using the claims as a guide.
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My analysis of the prior art is made from the perspective of a person of ordinary skill
in the art at the time of the invention.

23. 1 am not offering any legal opinions in this declaration nor am I
qualified to do so. I only consider such legal standards in framing my opinions and
conclusions as well as placing assertions made by Petitioner in the Petition into the
proper context. Additionally, from a subject matter perspective, I understand that
the petitioner always has the burden of persuasion regarding a challenge of
patentability of an invention under an inter partes review.

V. CLAIMS-AT-ISSUE (CLAIMS 1,5, 6, 8, 9, 15, 16)

24. 1 understand that Petitioner has challenged independent claim 1, its
dependent claims 5, 6, and 8, as well as independent claim 9 and its dependent claims
15 and 16, based on obviousness over Rompaey alone or in combination with
CoWare I (Ground 2) and obviousness over Banerjee alone (Ground 1).!

VI. OPINIONS
A.  Petitioner’s Banerjee Ground (All Claims, Ground 1).

1. The ’657 Patent and Banerjee.

25. 1 understand that Petitioner’s first ground argues that the claims are

disclosed and/or rendered obvious by Banerjee alone. Pet., 14-53. In my opinion,

! For ease of reference, in this declaration I will identify the limitations of the claims
by the same numbers (1[a], 1[b], etc.) that Petitioner uses in its Petition.

10
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the Petition does not show that Banerjee discloses, or renders it obvious to add, at
least claim limitation 1[d] requiring “outputting by the processor software
programming commands to be executed by the hardware integrated circuit for
controlling the electronic device in accordance with the selection of categorized
input and output characteristics of the electronic device through the communication
bus of the hardware integrated circuit using a communication protocol compatible
with the electronic device and the hardware integrated circuit.” Ex. 1001 [’657] cl.
1. Claim limitation 9[e],similarly worded, is also not disclosed or rendered obvious,
requiring “output software programming commands to be executed by the hardware
integrated circuit for controlling the device in accordance with the selected control
type, display type, input type and output type parameter values selected by the user
using a communication protocol compatible with the device and the hardware
integrated circuit through the communication bus of the hardware integrated circuit.”
Ex. 1001 [’657] cl. 9. These limitations require outputting software programming
commands to be executed by the hardware IC for controlling the device. Banerjee
at best discloses intermediate processing steps that only pass between internal
modules of Banerjee’s design tool, rather than outputting software programming
commands to be executed by the hardware IC. Therefore, Banerjee’s teachings only

address hardware IC design rather than outputting any executable software.

11
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26. The *657 Patent’s claims are directed toward designing an integrated
circuit and associated software to be executed on that integrated circuit. First, as
part of a system or a method to design a hardware integrated circuit and associated
software programming commands executed by the integrated circuit to control an
electronic device, a memory of a processor receives a selection of categorized input
and output characteristics of that device. See, e.g., Ex. 1001, cl. 1, limitation 1[a].
After analysis, based on this selection, the processor outputs a hardware integrated
circuit design and software programming commands. /d., e.g., cl. 1, limitations 1[b]-
[c]; cl. 6; seeid., e.g., FIG. 4, 9:30-10:25; see also, e.g., id., 13:17-13:29 (“The FDK
may provide a software representation[] of a complete IC design. In one

embodiment, the software representation may be a schematic and/or layout.”); cl. 9.

12
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FIG. 4 Hierarchal Py /0
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’657 Patent FIG. 4 (showing, e.g., outputs 69, 71)

27. The ’657 Patent is directed towards an invention “that simplifies and
vertically integrates the development of the hardware and software for a universal
control system,” performing unified design of integrated circuit hardware and
software, including to “provide an IC design based on the selection of input and
output characteristics of the device; and provide software for controlling the device
through the 1C,” and “providing an IC design based on the selection of input and
output characteristics of the device; and providing software for controlling the

device through the IC.” Ex. 1001 [’657] 3:30-3:32, 5:37-5:39, 5:61-5:63.

13

ICPillar, LLC, Exhibit 2001
Page 2001 - 16
IPR2024-00566, ARM Limited v. ICPillar, LLC



28.  Specifically, the 657 Patent describes and claims a method and system
for designing and outputting a hardware integrated circuit design and software that
controls an electronic device when the integrated circuit is integrated into the device.
Ex. 1001 [’657], e.g., 18:49-18:51; see, e.g., id., 5:14-5:15 (“In still another aspect,
the invention includes providing software for controlling the device . ...”), 10:5-
10:8 (“ASIC Programming 71 may be software to be programmed and/or stored in
a fabricated ASIC and/or a controller to establish interoperability between the
controller, ASIC, and/or a device that the ASIC is integrated with.”), 13:32-13:35
(“the FDK may also provide accompanying software to run with the IC (assuming it
is a programmable IC) and/or on a computer to enable remote control.”), 13:48-
13:50 (“A developer may send the IC design created using the FDK to a IC
manufacturer to manufacture the integrated circuit for integration with a product. In
one embodiment, a program provided by the FDK is programmed into the IC for
pairing with one or more computers to be used as a controller.”).

29. The ’657 Patent’s approach renders multiple benefits, such as, inter
alia, significantly reducing the time needed to design such an integrated circuit by
standardizing and designing an integrated circuit using standard components based
on device functionality and associated software to run on the resulting integrated
circuits. Ex. 1001 [’657], e.g., 4:50-4:56 (“This way, IC devices components may

be standardized and designed based on functionality thus removing the necessity of

14
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designing a proprietary device in house. A developer can select the functionality of
their device and an IC can be designed off the standard components. Furthermore,
because standard IC components are used, standard software can be used to control
and run on the IC devices.”).

30. The claimed inventions are directed to computer implemented design
of an integrated circuit which controls a device when that integrated circuit is
integrated into that device, including both a hardware integrated circuit, which may
be represented by software, and software programming commands to be executed
by the hardware integrated circuit, for controlling that device in accordance with the
received selection of the device’s characteristics. Ex. 1001 [’657], e.g., 2:59-3:3,
3:32-3:35, 4:28-4:62; see, e.g., id., cl. 1, limitation 1[d].

31.  Banerjee does not disclose the same tool as the 657 Patent because it
only outputs a hardware design but does not output software for executing on that
hardware to allow control of a device, much less software programming commands
to be executed by the hardware integrated circuit for controlling the electronic device
in accordance with the selection of categorized input and output characteristics of
the electronic device.

32. Rather, Banerjee describes a design tool “to automatically produce a
hardened GDSII description or other representation of” an integrated circuit (IC).

Ex. 1005 [Banerjee] Abstract. “Designers select contractual terms for incorporating

15
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third party intellectual property and then design and initiate manufacture of the IC
by way of a network portal.” Id. This reference to a “hardened GDSII description”
of an IC refers to a hardware description file describing the IC design, not software
that could be executed on the resulting IC. (As an ordinary artisan at the time of the
invention would have known, GDSII, which currently is a de facto industry standard
for electronic design automation data exchange of IC or IC layout artwork, is a
binary database file format, representing in hierarchical form information about the
IC layout such as text labels or shapes such as planar geometric shapes, which may
be used for creating photomasks, transferring artwork between tools, reconstructing
in whole or in part the artwork when sharing layouts. See Exs. 2002 [GDSI-Data
Format], 2003 [GDSII-Layout Editor]), 2004 [Wikipedia-GDSII].) Banerjee
describes a system that outputs this “hardened” IC design in the form of a hardware

IC description file but says nothing about the creation of software to be executed on

the hardware of the IC. Id.

16
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Example of GDSII hardware design (source: Wikipedia (Ex. 2004))

33. Banerjee discloses a design tool that “a designer can use to develop the
[hardware IC] description file.” Ex. 1005 [Banerjee] [0033], Figure 2. Banerjee’s
tool includes functional description module 21, parameter description module 22,
workload analysis module 23, OS optimization module 24, and tools (simulation,
formal verification) module 25.

34. The functional description module 21 of Banerjee’s tool guides the
user, via a user interface, to develop a functional description of the IC to be designed,
and also allows the user to upload design scripts for customized elements. /d.,

[0033], Figures 2-3. Parameter description module 22 guides the user in defining

17

ICPillar, LLC, Exhibit 2001
Page 2001 - 20
IPR2024-00566, ARM Limited v. ICPillar, LLC



performance parameters for the functional blocks, which module 21 uses “to
optimize the selection of [hardware] functional block components.” Id., [0034].

35. Banerjee’s workload analysis module 23 accepts algorithms or other
specifications that describe the workload targets for the IC the user is designing. /d.,
[0036]. It then performs an analysis of workload targets to analyze the algorithm’s
processing loads and identify potential bottlenecks. Id., [0036]-[0037]. This
“[i]nformation from module 23 is passed to module 21 and module 22 to optimize
the selection of the [hardware] functional block components.” Id., [0036].

36. The workload target algorithm, loosely referred to in Banerjee as
“application programming code” more precisely is a script or algorithm containing
workload targets used by module 23 for workload analysis in designing an IC. Id.
The format used by Banerjee to describe the algorithm can be a flowchart, a script
written in C or C++ or other format to specify the IC workload targets. Id. The
result of the workload analysis module is passed to modules 21 and 22 for optimizing
the hardware IC design and is never outputted from the design tool. Id.; Figure 2.
In short, this workload target algorithm is not an output from the Banerjee design
tool. It is a data point used within Banerjee’s design tool for optimization of the
hardware IC design. More particularly, it certainly is not software programming

commands to be executed by the hardware integrated circuit for controlling the

18
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electronic device, like the output software commands expressly required by the 657
Patent’s claims’ language.

37. Banerjee’s OS optimization module 24 is used to optimize the footprint
and performance of the operating system by analyzing the workload from the
perspective of the operating system. Id., [0038]; Figure 2. Banerjee’s module 24 is
also used to analyze what the “typical[]” operating system storage and other footprint
needs will be for the IC that is being designed, so that these typical requirements can
guide the design of the hardware IC. Id., [0072]. Said another way, module 24,
“based on a prototype description,” compiles the characteristics of the typical or

99 ¢¢

“baseline” “operating system configuration,” in order to analyze its expected
“footprint” on the IC and how it is expected to be instantiated on the device. Id.,
[0072]-[0074], [0083]. As Banerjee puts it: “Module 24 enables the configuration
of the operating system to minimize its footprint in memory in the finished product,”
to avoid “inefficient use of memory resources” in the IC design. Id., [0073].

38. As Banerjee explains, module 24’s intermediate analysis is not an
output from its tool, contrary to what the Petition repeatedly suggests. Module 24
“interfaces with modules 23-21 to determine whether it is preferable to implement
certain functions [of the IC] in software rather than hardware.” Id., [0038]. For

example, if a function requires performing a significant number of multiplication

operations, then a hardware multiplication implementation may be deemed preferred

19
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to minimize the need for the operating system to include a software multiplication
implementation. Conversely, if multiplication is seldom performed, then it may be
area and power efficient to implement the multiplication function in software, even
though it will take longer to perform the multiplication. Id., [0039]. As illustrated
in Figure 2, the result of analysis of module 24 is passed back to modules 21-23.
Banerjee’s module 24 does not provide any output from Banerjee’s design tool.

39. The tool’s module 25 (simulation, formal verification) assembles and
outputs a hardware description file. Ex. 1005 [Banerjee] [0040], Figure 2. It
specifies the hardware components and operational characteristics in RTL (“Register
Transfer Level”). Id., [0040]. As an ordinary artisan would have understood at the
time of the *657 Patent invention, RTL refers to a “design abstraction” which models
a synchronous digital circuit in terms of the flow of digital signals (data) “between
hardware registers,” and logical “operations performed on” those signals. Ex. 2005
[RTL Design], 1-2. “Module 25 also performs logic synthesis to compile and
optimize the ... circuit description and generate a gate-level netlist representation”
of the IC design. Ex. 1005 [Banerjee], [0044].

40. Insum, the Banerjee design tool (computer program 15, see id., [0045])
gathers information regarding the functional description and design parameters of
the IC, optimizes the hardware IC design through workload targets and tradeoff

analyses between hardware and software implementation and then, outputs an HDL
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file descriptive of the hardware IC design. Id., [0045], Figure 2, see, e.g., id., Figure
6 (showing step of “Send netlist to foundry” (67) if “Design acceptable” (66)).

41. Inthis way, according to Banerjee’s teachings, expected characteristics
of an operating system may be used to output a more optimal design for the hardware
IC; the operating system “software,” referred to in the cited portions of Banerjee, is
an optional input in the hardware design. Banerjee does not disclose outputting
software for execution on the newly designed IC. Nor does Banerjee disclose
writing or outputting software programming commands for controlling any device
with the designed IC.

42.  Itis my opinion that Banerjee does not disclose outputting software for
execution on the newly designed IC. Nor does Banerjee disclose writing or
outputting software programming commands for controlling any device with the
designed IC.

2. Banerjee Is Not Shown To Disclose Or Render Obvious Claim
Limitation 1[d].

43.  Claim limitation 1[d] requires:

Outputting by the processor software programming commands to be
executed by the hardware integrated circuit for controlling the
electronic device in accordance with the selection of categorized input

and output characteristics of the electronic device.
44. Banerjee’s teachings differ from the *657 Patent in a number of ways.

One of note is that Banerjee’s tool outputs only a hardware description file. It does
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not output software programming commands to be executed on the described
hardware IC, to control the electronic device into which it is integrated. Where
limitation 1[d] (and limitation 9[e]) are concerned, the Petition points to internal
analyses of Banerjee’s tool, during the hardware design process, of attributes of the
software that might run on the hardware being designed. But the Petition’s citations
to Banerjee do not show this; these intermediate analyses do not output executable
software commands from the tool, nor do they output executable software
commands.

a. Banerjee Does Not Disclose Claim Limitations 1[d]/9]e].

45.  The Petition asserts that Banerjee discloses the “software programming
commands” of limitations 1[d] or 9[e] because Banerjee supposedly “outputs the
hardware circuit design and the related software to implement the designed system.”
Pet., 4; see also, e.g., id., 44-47, 52. The Petition asserts that limitation 1[d] is met
because:

Banerjee’s tool outputs software based on the selections identified in
1[a]. EX-1003, 94472-480. The output software includes: (1) the
operating system; (2) application software; (3) application specific
instruction extensions; and (4) “middleware” (such as I/O device driver

software).

Pet., 44-45. The Petition cites Banerjee at [0038], [0039],[0045], [0046], [0056],

[0067], [0078], and [0084] in support, as well as Figure 5, asserting that “Fig. 5
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exemplifies how the operating system software is compiled and output,” and that
“OS software 1s generated and output” (emphasis added), citing Banerjee at [0072]
and [0083]. Pet., 45-46. Finally, the Petition cites Banerjee at [0038] and [0086]
for the proposition that “Banerjee’s tool generates and outputs software instructions
related to the application specific instructions.” Id., 46-47.

46. It is my opinion that none of the Petition’s cited portions of Banerjee
disclose the output of software, as required by the claims. Instead, the cited
disclosures only describe Banerjee’s process of using the desired attributes of what
software will be typically executed on the desired IC design in order to optimize the
outputted design of the IC, without writing software to run on that IC after it is
fabricated. Even assuming, for the sake of argument, that Banerjee outputs a
hardware IC design that may meet the recited output in claim limitation 1[c],
Banerjee does not output any software that meets claim limitation 1[d].

47. The descriptions of the use of application software and operating
system software in Banerjee may address the attributes and requirements of
executing such software on the resulting IC, but they do not describe any software
output by Banerjee that is “executed on the hardware integrated circuit for

bh

controlling the electronic device[.]” The only output described in Banerjee is a

hardware description file: in other words, a file containing the hardware 1C design.

23

ICPillar, LLC, Exhibit 2001
Page 2001 - 26
IPR2024-00566, ARM Limited v. ICPillar, LLC



Banerjee does not disclose, or render obvious, the output of software executable on
the designed IC to control the device.

48. Therefore, it is my opinion that Banerjee does not disclose, or render
obvious, the output of software executable on the designed IC to control the device.

1. Banerjee Is Not Shown To Deliver Software

49.  The Petition characterizes Banerjee as providing “output software” that
1s “specific to the designed system and application thereof,” including “the operating
system” and “‘application software” for the IC being designed. Pet., 15-17, 44-46.
This appears to be a misapprehension of Banerjee’s functions.

50. The Petition quotes the following statement in Banerjee as supposedly
disclosing outputting software as claimed:

[M]odule 24 outputs C or C++ code that configures the Windows,
Linux or RTOS operating system by outputting header files, switches,
and a modified makefile. ... Module 24 then determines the optimal
configuration for the design by selecting the processor that most closely
matches the specified parameters and providing any additional
functionality in software either at the application, middleware or

operating system level.
Pet., 45 (quoting Ex. 1005 [Banerjee] [0078]). This disclosure in Banerjee does not
describe outputting any software programming commands executable on the

designed IC recited in the claims.
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51. The claims require (referring specifically here to claim 1) not only
“outputting by the processor a hardware integrated circuit design” (claim limitation
1[c]), but also “outputting . . . software programming commands to be executed by
the hardware integrated circuit for controlling the electronic device” (claim
limitation 1[d]). Ex. 1001 [’657] cls. 1, 9. In contrast, and as discussed previously,
Banerjee only delivers a hardware description file, but not software to be executed
on that IC. See Ex. 1005 [Banerjee], e.g., [0040]; Figures 2 and 6.

52. Banerjee’s descriptions of outputting its IC design are never
accompanied by any suggestion that Banerjee is also, with that hardware design,
outputting executable software for that designed hardware IC. Banerjee’s disclosure
of what it outputs includes only a hardware description file or “netlist,” and does not
output any software.

53. For example, Banerjee describes at [0044] module 25 of Figure 2
compiling and optimizing to “generate a gate-level netlist representation of the
device.” (Here, “the device” clearly refers to the IC being designed by the tool: it is
not referring to an integrated circuit that will be integrated into the designed IC
device to control that device.). Notably, Banerjee’s description “of a generalized
method of the” tool in Banerjee, at Figure 6 and [0085]-[0093], does not mention
outputting software. Id., [0086], [0093]. When Banerjee here states that “the design

process is completed,” it has described only a hardware “device” design that is
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suitable to be sent “to a foundry.” Id., [0091] (“Preferably, only a hardened design
is exported to a foundry at the conclusion of the design process as indicated at 67.),
[0093].

54. The Petition quotes Banerjee’s statement that Banerjee’s “module 24
outputs C or C++ code that configures the Windows, Linux or RTOS operating
system by outputting header files, switches, and a modified makefile.” Pet., 78. But
this statement in Banerjee merely confirms in even more specific terms that what
Banerjee’s module 24 produces—for internal use in the tool only, in any event—is
not software, as the Petition appears to mistakenly assume. As the ordinary artisan
at the time of the 657 Patent invention would have recognized, Banerjee’s
references here to “header files,” switches” and “makefiles” are not references to

99 ¢¢

software, because ‘“header files,” “switches,” and “makefiles” do not refer to
software. Rather, they refer to information to facilitate developing software. To

summarize these briefly:

55. “Header files”—Header files contain information that is needed by
several different files or functions. A header file contains C-language definitions
and structures. Centralizing information into a header file facilitates the creation and
update of programs. See, e.g., Ex. 2006 [IBM-Header Files] 1.

56. “Switches™— “Switches” here refers to switch statements, which

transfer control to different statements within a switch body depending on the value
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of the switch expression. They may be thought of as a concept or piece of
information akin to an “if...else...if” ladder. See, e.g., Ex. 2007 [IBM-SWITCH] 1.
57. “Makefile”—A makefile sets rules, typically a set of rules, to determine
which parts of a program need to be recompiled, and issues commands to recompile
them. Such a makefile is a way to automate software building procedures and other
complex tasks with dependencies. See, e.g., Ex. 2008 [UND-Makefile] 1
(“Makefiles are used to help decide which parts of a large program need to be

recompiled.”).
1. Banerjee’s “Output” Is Data Transmitted Between

Internal Modules Of Banerjee’s Tool, Not
Executable Software Outputted From Its Tool.

58. I understand that when the Petition quotes Banerjee’s use of the term
“outputs,” it appears to be trying to suggest that Banerjee thereby discloses
“output[ting]” software alongside the hardware design, as recited in the claims.
E.g., Pet., 45 (““Module 24 outputs C or C++ code...””) (quoting Ex. 1005
[Banerjee] [0078]). However, such “outputs” in Banerjee refer to information
produced in Banerjee’s optimization process that is never output from the tool and
is “output” only from one internal module into other internal modules as part of the
hardware IC design process.

59. Banerjee’s statement that “module 24 outputs C or C++ code”

(emphasis altered from Petition) refers to the optimization module itself during the
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process of designing the hardware IC. Banerjee specifically says (and is even quoted
in the Petition as saying) that after this module “outputs” this “code,” Module 24
“then determines the optimal configuration for the design by selecting the processor
that most closely matches the specified parameters and providing any additional
functionality in software either at the application, middleware or operating system
level.” Ex. 1005 [Banerjee] [0078]. Here, “the design” refers specifically to the IC
for which the hardware description file is being created, as shown by Banerjee’s
statement that it is using these “specified parameters” of a functional specification
in “selecting the processor,” which 1s hardware, not software.

60. To repeat, the claims of the *657 Patent require, in summary, outputting
both (1) a hardware IC design, and (ii) software programming commands executable
on the designed IC to control the electronic device whose characteristics formed a
basis for the IC’s design. See Ex. 1001 [’657] cls. 1, 9; see also id., 5143-5:19, 5:24-
5:25, 10:5-10:8; 13:32-13:35. In contrast, Banerjee does not disclose outputting or
delivering any executable software.

61. The reference in Banerjee to outputting “code” does not mean that
Banerjee is disclosing outputting from its tool executable software programming
commands as recited in and required by the claims. Rather, it is a reference to,
specifically, “‘outputting header files, switches, and a modified makefile”

corresponding to the “operating system.” Ex. 1005 [Banerjee] [0078]. These files
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contain information to facilitate the creation of programs in the future. They are not
software programs themselves. It is a reference to establishing the necessary
“parameters” for the software functionality that the IC must be designed to support,
as part of “the optimization process” for designing the IC. Id.

62.  This is further confirmed by Banerjee’s next paragraph, which clarifies
that this 1s a hardware design selection process, not an outputting of executable
software for the IC. As Banerjee explains in the next paragraph, this “optimization
process” is based on parameters of an “operating system footprint” used to optimize
the IC design:

To illustrate the optimization process, consider the process of
multiplying two numbers. In one design, the processor can include a
high performance hardware multiply unit. In another embodiment, the
design may simply bring in a floating point emulation repository that
the user could explicitly access by selecting a floating point unit or not.
In yet another embodiment the designer may simply specify
performance (rate of megaflop), or go a step farther and give computer
program 15 an application to profile and to select the optimal

configuration.
Ex. 1005 [Banerjee] [0079]; see also id., [0078] (“By way of illustration, the
designer can provide module 24 with a range of possibilities such as 1 megabyte of
memory, restrict the processor to be no bigger than 3 mm? while meeting certain

performance metrics.”). Each of these descriptions in Banerjee concern optimizing
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the IC’s hardware design, not writing or outputting software that will run on the IC
to control a device after the IC is fabricated.

63. The Petition’s citations to Banerjee at [0038], [0039], [0045], [0046],
[0056], [0067], [0072] through [0084], and [0086], Pet., 44-45, do not change this
conclusion, but, rather, confirm and reinforce it. Banerjee at [0038] and [0086]
describes how to optimize hardware “processor design” (such as “reduc[ing] the
processor die size and gate count”) based on desired hardware and software
characteristics, such as “determin[ing] whether it is preferable to implement certain
functions in software rather than hardware.” It does not describe writing, or
outputting from its tool, software programming commands.

64. Meanwhile, Banerjee at [0045]-[0046] and [0056] describes hardware
design choices such as “cache line size” and generating an “HDL file descriptive of
the design,” where the “H” stands for hardware, not software, id., [0004], and
modifying this HDL file based on the desired “features and functionality” and
“storage requirements” of the expected “application” software and operating system
code. Here too, there is no description of outputting software to execute on the IC
thus designed. Banerjee at [0067], [0075], and [0081] describes how Banerjee’s
optimization process “provides quantitative information on the application software
including code structure, critical components, risk areas etc.” by selecting attributes

based on the configuration of software which the hardware will need to “operate in
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conjunction with”; again, existing software requirements are quantified or
characterized for optimization purposes, but no creation or producing of a tool output
of software for execution on the new IC is disclosed. At [0067]-[0069], Banerjee
further refers to workload analysis for identifying “instructions” that may be
executed by the to-be-designed processor to, for example, “achieve the intended
results quickly and efficiently.” Yet Banerjee makes clear that this “identif[ication]”
of such “instructions” is not the generation or outputting of executable software
programming commands; rather, this simply describes an analysis of “the optimal
configuration” of the hardware, such as its DSP “blocks,” to achieve potential
“savings in power and die area,” reflected in “the description file” in hardware
description language. Id., [0069].

65. Next, Banerjee at [0083], describes how Banerjee’s optimization
module, “based on a prototype description,” compiles the characteristics of the

29 ¢¢

typical or “baseline” “operating system configuration,” to be executed on the IC
once it is fabricated, in order to analyze its expected “footprint” on the IC and how
it is expected to be instantiated on the device. Ex. 1005 [Banerjee] [0083]; see also
id., [0072]-[0074].

66. Petitioner’s characterization of these disclosures, as output of software

programming commands to be executed by the hardware integrated circuit for

controlling the electronic device in accordance with the selection of categorized
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input and output characteristics of the electronic device, is not correct. Pet., 44-47.
Banerjee uses the attributes and requirements of software that is expected to be run
on the IC under design to optimize that design prior to outputting the hardware
related design. But Banerjee only outputs a hardware description file. See Ex. 1005
[Banerjee], e.g., [0044], [0069]. It does not output newly written (or rewritten)
software. See id., [0084] (explaining that Banerjee’s tool helps avoid “having to
rewrite” software that is already available).

67. Based on my analysis, it is my opinion that Banerjee does not disclose
the claims of the *657 Patent.

b. Banerjee Does Not Render Obvious Claim Limitations

1/d] or 9/e].

68.  Again, Petitioner relies upon Banerjee alone to render the claims of the
’657 Patent obvious under Ground 2. Pet., 14-18 & n.2 (contending that “Banerjee
discloses all features of the Challenged Claims” and “discloses” or “renders
obvious” the challenged claims. I see no argument in the Petition that it would be
obvious to modify Banerjee, alone, to add claim limitations 1[d]/9[e]. Pet., 44-47.
As shown above, Banerjee does not disclose these claim limitations. Instead,
Petitioner only contends that limitations 1[a], 1[b], and 9[a] would be obvious. /d.,
37-39 (alleging that claim limitation 1[a] is “obvious™), 43 (same, 1[b]), 48 (same,

6), 50 (same, 9[a]), 53 (same, 16).
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69. Therefore, I do not see any showing by the Petition that Banerjee
renders obvious claim limitations 1[d] or 9[e].

B. Petitioner’s Rompaey And CoWare I Ground (All Claims,
Ground 2).

1. The ’657, Rompaey, and CoWare I.

70. I understand that Petitioner’s second ground argues that the claims are
disclosed and/or rendered obvious by either Rompaey alone, or in the alternative
solely as to the preamble of Claim 1, obvious in view of Rompaey in combination
with CoWare 1. Pet., 54-88; see id., 73-76 (citing CoWare I as to cl. 1 preamble).
The Petition relies on Rompaey alone, however, for limitations 1[d] and 9[e]. Pet.,
82-84. (The Petition’s citations to “CoWare” in pages 82-84 (see also page 85) are
not citations to the “CoWare I’ reference (Ex. 1007), but to statements in Rompaey.)
In my opinion, similar to Banerjee in Ground 1, the *657 Patent and Rompaey
disclose different tools. In ways similar to Banerjee, Rompaey is not shown to
output by its tool software programming commands to be executed on an outputted
hardware design, as claimed.

71.  Rompaey is a reference from 1996, nearly two decades before the *657
Patent’s priority, and contains no description of now-common types of ICs such as
SoCs. As I discussed previously, the *657 Patent describes and claims a method for

designing a hardware integrated circuit, which controls an electronic device when
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integrated into the device, and associated software executed by the integrated circuit
to control the device. Id., e.g., cls. 1, 9.

72.  Rompaey discloses a tool that fundamentally differs from the ’657
Patent. Rompaey’s design tool outputs a hardware design, based on a different
design methodology than the 657 Patent. Rompaey's design tool does not output
software, including software programming commands to be executed by the
hardware integrated circuit for controlling the electronic device in accordance with
the selection of categorized input and output characteristics of the electronic device,
as recited in and required by the claims.

73. Rompaey discloses a design tool that uses a (convoluted)
“encapsulation” scheme in connection with “a data-model” and outputs a “VHDL”
file, which is a hardware description file that describes a hardware integrated circuit.
Ex. 1004 [Rompaey] Figures 2, 6, 1:54-60, 2:42-46, 6:9-18 (“A hardware/software
co-design environment and design methodology based on a data-model that allows
one to specify, simulate, and synthesize heterogeneous hardware/software
architectures from a heterogeneous specification is disclosed. The environment and
methodology of the present invention are based on the principle of encapsulation of
existing hardware and software compilers and allow for the interactive synthesis of
hardware/software and hardware/hardware interfaces.”). This reference in Rompaey

to a “VHDL” type of file refers to a hardware description file describing the IC
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design. Rompaey expressly states that “VHDL” refers to “Very High Speed

b

Integrated Circuit (VHSIC) Hardware Description Language,” which, Rompaey
correctly notes, is a “hardware description language™. Id., 1:54-60. Multiple figures
of Rompaey depict this “VHDL” as the sole output from the design tool. Two such

figures are shown below.
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Behavioural VHDL
Structural VHDL

Ex. 1004 [Rompaey] Figures 2, 6.

74. Rompaey defines a hardware/software co-design as a digital system
containing both high and low data-rate blocks in the signal path, where the high data-
rate blocks are synthesized in hardware and low data-rate blocks are implemented
on programmable processors. Ex. 1004 [Rompaey] 4:9-14. Rompaey also discloses
that “hardware subsystems comprise any one or more of processor cores, off-the-
shelf components, custom components, ASIC, processors, and boards.” Id., 6:49-
53. The software subsystems comprise machine instructions for the off-the-shelf

35

ICPillar, LLC, Exhibit 2001
Page 2001 - 38
IPR2024-00566, ARM Limited v. ICPillar, LLC



programmable processors. Id., 5:35-37, 6:49-53, 18:25-27. Machine instruction or
machine code is an instruction for the processor to perform a specific task in a digital
binary form, e.g., long sequence of zeros and ones. Thus, throughout Rompaey’s
disclosure, references to software subsystems and software generally concern
machine instructions or codes for off-the-shelf programmable processors.

75. Rompaey explains that hardware and software may be “designed
separately” or else “co-design[ed],” and that when they are, the ‘“hardware
components” may be designed “in a specific hardware description language such as
Very High Speed Integrated (VHSIC) Hardware Description Language (VHDL) or
VERILOG for the hardware components and a software description language such
as C or assembler for the software components.” Id., 1:12-16, 1:54-62. Rompaey is
directed to a “hardware/software co-design environment” involving “a simulation of
the digital system” to assist creation of a “specification” for “an heterogeneous

29 ¢

essentially digital system,” ‘“the specification having hardware and software
aspects.” Id., 6:6-9, 6:18-36, 8:48-58, 9:14-15. Rompaey further discloses that its
“design environment. .. includes means for creating processor models of the
hardware components as objects in the database, the models comprising software
models representing the software views on the hardware components and hardware

models representing the hardware views on the hardware components.” Id., 8:4-10.

Rompaey explains that in its system it continues to be true that “[d]ifferent
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description languages are needed to allow each system component to be described
with the most appropriate paradigm.” Id., 5:58-61.

76. Rompaey describes a ‘“specification having hardware and software
aspects,” in which “the implementation comprises hardware and software
subsystems of the system, where the software subsystems are executed on one or
more of the hardware subsystems.” Id., 8:48-58, 9:16-24. Here, the “software
subsystems” do not refer to application software, operating system, or software
programming commands, but to machine instructions to program a programmable
processor, which is a type of processor having hardware that is programmable by
machine instructions to operate in different ways. Id., 6:51-53, 9:25-33. While
Rompaey notes that this “implementation comprises hardware and software
subsystems,” Rompaey’s tool does not output both a hardware design and software
executable on that hardware, as the claimed invention requires. Rather, Rompaey
outputs only “a net list comprising the layout information of the implementation”—
which refers to a hardware IC design, rather than software that may be executed on
a designed IC to control a device. Id., 9:16-24.

77. I understand that the Petition repeatedly cites “SYMPHONY” in
connection with Rompaey’s tool supposedly outputting software programming
commands. Pet., e.g., 82-83 (asserting that “The discussion in [sic/ element 1[b]

above regarding “SYMPHONY™ highlights this output of software specific to the
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designed software [sic/.”). It is unclear what this confusing statement was supposed
to mean, but it appears in both this Petition and the 00476 petition.

78. Rompaey discloses that, where the processor is “a programmable
processor, the implementation of inter-process communication comprises the steps
of generating device drivers and of generating hardware interfaces. A software tool
1s used to achieve this. This tool is called SYMPHONY].]” Id., 17:59-63.
SYMPHONY runs a “model” of ‘“the target processor and a library of I/O
scenarios ... for that processor,” allowing the processor to be simulated. /d., 17:65-
18:12. Rompaey teaches that this software modeling tool, by supplying
“performance figures,” “will allow the designer or SYMPHONY to make a decision
about what I/O scenario to use for which port.” Id., 19:13-16. In other words,
SYMPHONY will model the software subsystem and I/O scenarios to provide
performance figures that can help inform the hardware design of the IC, although,
as Rompaey explains, “the user can always override the proposed assignment.” /d.,
19:54-55. Further, “[t]he result of SYMPHONY is a refinement of the original host
language encapsulation into a CoWare encapsulation of which the behavioral
interface is identical to that of the original encapsulation. SYMPHONY effectively
replaces a software encapsulation by a hardware encapsulation that has equivalent

functionality.” Rompaey, 20:26-31, Figure 7.
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79. Rompaey’s cited mentions of “software” do not suggest, contrary to
what the Petition seems to assert, that Rompaey outputs software to execute on a
new hardware IC design. Rompaey outputs a hardware IC design in, for example,
VHDL. All that the cited teachings of Rompaey describe is delivering a hardware
description. The references to “software” are not references to generating software
programming commands executable on a designed hardware IC.

80. Contrary to what the Petition suggests, Rompaey does not disclose
outputting software for execution on a newly designed IC. Nor does Rompaey
disclose writing or outputting software programming commands for controlling any
device with the designed IC.

81. Based on my analysis, Rompaey delivers to its users only a hardware
description, rather than a hardware IC design and software programming commands
executable on that IC.

2. Rompaey Is Not Shown To Disclose Or Render Obvious
Limitations 1[d] or 9[e].

82.  Claim limitation 1[d] requires:

outputting by the processor software programming commands to be
executed by the hardware integrated circuit for controlling the
electronic device in accordance with the selection of categorized input

and output characteristics of the electronic device. . . .

Claim limitation 9[e] is similar, as I have already discussed above.
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a. Rompaey Does Not Disclose Claim Limitations 1[d]/9/e].

83. The Petition asserts that Rompaey discloses the output “software
programming commands” of limitations 1[d] and 9[e] because supposedly
“Rompaey discloses that CoWare outputs software programming commands to be
executed by the hardware circuit,” referring to the “SYMPHONY” software tool
discussed in Rompaey. Pet., 82-83. It appears to me that the Petition misapprehends
Rompaey’s cited disclosures. Furthermore, even if Rompaey outputs a hardware IC
design that may meet the recited IC design output, Rompaey does not output any
software that would meet claim limitations 1[d] and 9[e].

84. The descriptions of the use of “SYMPHONY” in Rompaey are not
referring to the output of the design process, but the “modeling,” partway through
the hardware design process, that is intended by Rompaey to inform decisions how
to assign, e.g., the ports of programmable processors.

85.  Although the Petition contains partial quotations of Rompaey that refer,
for example, to “software,” Pet., 83 (quoting, e.g., Ex. 1004 [Rompaey] Figure 7),
when these portions of Rompaey are read in full, they make it perfectly clear to
artisans that when Rompaey refers to the “software” on the chip to be designed, it is
referring to such “software” in the context of what is “in” a “model.” See Ex. 1004

[Rompaey] at, e.g., 11:12-35.
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86. Rompaey’s “model” includes, inter alia, “processes,” providing
“modularity” in the model, which “are used to describe the system components.”
1d.; see also, e.g., id., 8:4-8:38. “A process is a container for a number of host
language encapsulations of a component.” /Id., 11:40-11:41. Rompaey’s use of
software-sounding terms such as “processes,” are not references to executable
software programming commands, like the claims require; rather, they refer to parts
of a “model” that Rompaey teaches can create, at an abstract level, “a description of
the component,” facilitating among other things simulation of “the communication
behavior of the system,” including modeling of the programming of these
components in particular programming “languages,” such as “C”, and how they will
communicate using so-called “ports.” See, e.g., id., 8:4-8:38, 11:39-11:57, 12:57-
61, 14:41-14:46, 16:61-16:65, 17:3-17:7.

87. Rompaey teaches:

By using primitive channels, ports, and protocols, the designer first
concentrates on the functionality of the system while abstracting from
terminals, signals, and handshakes. Once the designer is convinced that
the processes of the system are functionally correct, the communication

behavior of the system can be refined.

1d., 14:41-46; see also id., 16:42-65. In sum, Rompaey’s references to “channels,”

29 ¢¢

“ports,” “protocols,” and “processes” are all references to what is being modeled in
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Rompaey partway through its design process, and not to actual hardware or
executable software.

88.  In the model, these “ports” are not actual physical ports any more than
the “processes” are actual software processes. Rather, in Rompaey’s model, the
“[pJorts are objects through which processes communicate. Id., 12:57; see, e.g., id.,
8:4-8:14 (describing Rompaey’s “design environment” as including “processor
models of the hardware components as objects in the database,” with “I/O scenario
models of the ports as objects in the database, the I/O scenario models representing
the implementation of the ports on the hardware components™). “A primitive port is
characterized by a protocol and a data type parameter.” Id., 12:57-59; see also id.,
12:64-67 (“Protocols define the communication semantics of a port. . . . Each
primitive protocol indicates another way of data transport.”). “For example, the
primitive protocol used to model the memory port of a processor will have an index
to model the address of the data that is put on the memory port.” Id., 13:15-18; see
also, e.g., id., 15:31-37 (“A primitive protocol determines the communication
semantics, but not the communication implementation; it does not fix the timing
diagram used in the communication. . . . Hierarchical protocols are high level
models for alternative implementations of a primitive protocol: they preserve both
data direction and control direction of the primitive protocol.”). And, for example,

“[a] channel is a point-to-point connection of a master port and a slave port.” 1d.,
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13:41-42; see also id., Figure 7, 17:65-18:46 (further describing Rompaey’s use of
SYMPHONY “software model,” discussed further below).

b. Rompaey Models Sofiware, But Does Not Output It.

89. I do not see any indication that any of Rompaey’s modeling of designs
lead to any output of executable software, let alone software programming
commands to be executed on a designed hardware IC to control a device.

90. Rompaey’s “model” can be used to create “a representation of the
system” and its results can be used “to analyze, manipulate, and refine the system
description.” Ex. 1004 [Rompaey] 15:50-57. Once this modeling, simulation, or
“synthesis” of the hardware and software behavior is complete, “[t]he final step is to
link all the synthesis and hardware descriptions to drive commercial back-end tools
to generate layout.” Id., 12:44-49. “Layout” denotes hardware description, not
software programming commands. This final step is shown in Rompaey’s Figure 2:
the output deliverable is an IC design in hardware description language (feature 12).

91. This modeling in Rompaey’s design process is a “model,” not the real
thing. See id., e.g., 13:42-51 (“Two ports that are connected by a channel can
exchange data. . .. A primitive channel provides for unbuffered communication. . .
. In software it is implemented with a (possibly in-lined) function call. In this way,

primitive channels model the basic communication primitives found back in
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software . . . .”). Rompaey does not output or deliver any software programming
commands executable by a hardware I1C being designed by the system.

92.  The Petition cites to several disclosures in Rompaey for support that
Rompaey meets limitations 1[d] and 9[e]. Pet., 82-84. It is my opinion, however,
that the Petition’s citations to Rompaey are descriptions of software modeling or
hardware description language, not executable software as required in claim
limitations 1[d] and 9[e¢].

93. Leaving aside for the moment the Petition’s references to Rompaey’s
“SYMPHONY” tool, which I will discuss below, the disclosures in Rompaey that
the Petition, at 82-84, cites as supposedly describing the output of executable
software programming commands, as recited in the claims, all refer to either
hardware descriptions or models of potential characteristics of software that might
be used on the IC that is to be designed. None of them refers to executable software
delivered as an output from the tool.

94. For example, I will list specific citations the Petition makes to
Rompaey, and what they actually describe:

1. “Fig. 77 and “6:45-53” (Pet., 83).

95. Figure 7 of Rompaey literally shows a software (“SW”) “model.” As

for “6:45-53,” it describes the tool or tools disclosed by Rompaey, which includes

b

“hardware subsystems and software subsystems,” which may include “machine
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instructions,” or binary programming for programmable processors. But this does
not describe what outputs the tool delivers and does not change the fact that
Rompaey ultimately outputs only a hardware description file. Ex. 1004 [Rompaey]

at e.g., Figures, 2, 6.

)f72
A;‘?M HW model
LHARM SW model

Processor
HW/SW
models

1/0

Scenarios

| Symphony H

. ” FIG. 7 J

ii. “Figs. 2, 6-7, 9, 18, 25:29-26:49” (Pet., 83)

96. Figure 7 was discussed above, and 25:29-26:49 discusses simulation or
modeling with “SYMPHONY,” discussed below. Figures 2 and 6 clearly show
hardware description language as the only output of the process shown. Figure 9 is
a “co-simulation” that elaborates on “the method of FIG. 2,” describes a “library”

rather than executable software and is not shown to disclose outputting software of
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any kind. 1d., e.g., 10:12-14. Figure 18 shows a feedback “loop,” based on
modeling of the system, with the end result being “a gate level net list (for a VHDL
simulation), or a net list,” all of which describe hardware, and are not the software

executable on the designed hardware required by the claims. Id., 26:50-28:29.

111. “8:4-38; 26:14-30; claims 6-8, 27-37; TITLE;
Abstract” (Pet., 83)

97. Rompaey at 8:4-38 describes modeling of ports, not executable
software outputs. Rompaey at 26:14-30 is discussed above. Rompaey’s cited claims
are describing Rompaey’s tool, not the outputs of that tool. Rompaey’s title and
abstract, like the rest of its written description, nowhere state that Rompaey
generates or outputs software programming commands executable on the hardware
designed in light of Rompaey’s modeling and simulation of what that hardware
might be used for.

98. It is my opinion that none of the citations from Rompaey relied upon
by the Petition disclose claim limitation 1[d]’s requirement of outputting software
programming commands to be executed on the hardware designed in Rompaey’s
process, let alone for controlling a device whose characteristics formed a basis for
that design.

c. “SYMPHONY” Does Not Output The Claimed Software.

99. I understand that the Petition asserts that Rompaey’s discussions of its

“co-design” software tool, “SYMPHONY,” ‘“highlight[] this output of software
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specific to the designed software.” Pet., 83. However, no such “output of software”
occurs. The claimed limitation concerns outputting software executable on the IC,
not the “designed software,” and so there is no indication Rompaey teaches the
limitation. Even if the Petitioner had meant to say the “designed hardware” rather
than “designed software,” that assertion is equally unsupported by Rompaey’s
disclosure.  Rompaey’s disclosures do not describe any output software
programming commands by Rompaey that could be executed on the designed IC.
The only output described in Rompaey is a hardware description file: in other words,
a file describing the hardware IC design.

100. The Petition quotes Rompaey’s statement that “In addition,
SYMPHONY, adds RAM and ROM blocks to store the program code and data ....”.
Pet. 82 (quoting Ex. 1004 [Rompaey] 20:22-25). This disclosure in Rompaey is
describing the use of SYMPHONY, partway through the hardware design process,
to make decisions about adding hardware components; it says nothing about
outputting software. “RAM and ROM blocks to store the program code and data”
can store information, but they are hardware, not software programming commands.

101. Nowhere does Rompaey say that it specifies or outputs “the program
code and data” that will actually be stored in these components once the described

designed IC has been fabricated. Nor could it: the only output described by
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Rompaey of this design process is a file in hardware design language, which could
not specify such software program code and data even if that were desired.

102. The Petition further points to Rompaey’s Figure 7, which it erroneously
asserts “shows the output of hardware and the associated ‘applic. Software’ and ‘IO
device drivers’ to interface with the display, keyboard, and program controls.” Pet.,
83. This interpretation of Rompaey’s Figure 7 is not correct and seems to confirm
that the Petition has misapprehended Rompaey’s disclosure of modeling to refer to
actual software.

103. Figure 7 of Rompaey clearly depicts these features as being within, and

part of, the Rompaey process’s “SYMPHONY” “modeling”:

Applic.
soft‘D ware? >

> 72 75
e f l
- ARM HW model
/———ARM SW model
vivl /1
Dspl Kbr PC \
Processor | Symph L
HW/SW SmpTeny g
models
1/0
Scenarios
73
- FIG. 7 J
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104. As already mentioned above, this “software modeling” in Rompaey is
performed to supply “performance figures” that “will allow the designer or
SYMPHONY to make a decision about what I/O scenario to use for which port.”
Ex. 1004 [Rompaey] 19:13-16. The result of SYMPHONY is to replace the software
encapsulation with a hardware encapsulation that has the same functionality. /Id.,
20:26-31. In other words, SYMPHONY models the system and provides
performance figures that can help inform the hardware design of the IC. It is not the
end or output of the design process, and this is a model of the system, not the actual
executable software itself.

105. The same goes for Rompaey’s statement cited in the Petition of
concerning “I/O device driver software.” Pet.,, 83. Contrary to the Petition’s
insinuation, this is only a step toward generating what is actually the output of the
tool: the hardware description file. It is not generated software programming
commands to be executed on the described, designed IC for controlling a device.

106. In sum, for each of the reasons above, the Petition’s assertions that these
disclosures in Rompaey are directed to outputted software that may be executed on

the designed IC to control an electronic device are contrary to Rompaey’s disclosure.

d. Rompaey Does Not Render Obvious Limitations 1[d]/9/e].

107. The Petition asserts that if “Rompaey does not expressly disclose this

element, Rompaey renders obvious this element” because “Rompaey’s teachings are
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devoted to converting the design of an ‘application’ (such as the ‘pager application”)
into the hardware integrated circuits and software implementing that design.” Pet.,
49. I note that the Petition does not include CoWare I in its alternative obviousness
argument. Regardless of CoWare I’s inclusion, I disagree with Petitioner.

108. Rompaey does not disclose any outputting by the design tool of any
software at all, let alone any software that is to be executed by the fabricated IC that
is being designed. And more specifically, Rompaey neither discloses nor suggests
outputting by the processor, as claimed, software programming commands to be
executed by the hardware IC being designed for controlling the electronic device in
accordance with the selection of categorized input and output characteristics of the
electronic device.

109. Thus, in my opinion, Rompaey neither discloses nor renders obvious
claim limitations 1[d] or 9[e].

110. My opinions herein are current as of this stage of this proceeding. I
may further develop these opinions or offer additional opinions after a decision to

institute, should the Board decide to do so.
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CONCLUSION

111. Although my complete opinions are set forth above, for convenience I
summarize several points of my opinions in conclusion. For the foregoing reasons,
based on my expertise and experience and the record of this case that I have
reviewed, it i1s my opinion that:
= ’657 Patent Claims 1 and 9, as well as their dependent claims 5, 6, 8,
15, and 16, are not disclosed by or rendered obvious over Banerjee;

. ’657 Patent Claims 1 and 9, as well as their dependent claims 5, 6, §,
15, and 16, are not disclosed by or rendered obvious over Rompaey
alone or in combination with CoWare 1.

112. T understand that my opinions discussed above support a legal

conclusion that claims 1, 5, 6, 8, 9, 15, and 16 are nonobvious and not anticipated.
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In signing this declaration, I recognize that the declaration will be filed as
evidence in a contested case before the Patent Trial and Appeal Board of the United
States Patent and Trademark Office. I also recognize that [ may be subject to cross-
examination in the case and that cross-examination will take place within the United
States. If cross-examination is required, I will appear for cross-examination within
the United States during the time allotted.

I hereby declare that all statements made herein of my own knowledge are
true and all statements made herein on information and belief were and are believed
by me to be true, and that all statements herein were and are made with the
knowledge that willful false statements and the like so made are punishable by fine
or imprisonment, or both, under section 1001 of Title 18 of the United States Code
and that any such willful false statements may jeopardize the validity of the

application or any patents issued thereon.

Respectfully submitted,

Lok O Gt bl

Joseph C. M¢ATexander ™, P.E.

Dated: May 28, 2024
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