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I, Nader Bagherzadeh, declare as follows:

I. INTRODUCTION

1. I have been retained on behalf of Patent Owner, Daedalus Prime LLC
(“Daedalus”), to provide my opinions in connection with this proceeding. In doing
so, I have been asked to provide my independent review, analysis, and insights
regarding the technology involved in U.S. Patent No 8,984,228 (the “’228 patent™)
and how it compares with the art asserted in the petition challenging the
patentability of its claims. In this Declaration, I set forth the independent opinions
that I have reached and the basis for those opinions using the information currently
available to me.

2. I am being compensated for my work in this matter at my standard
hourly rate for consulting services. My compensation is not dependent on the
outcome of the case and does not affect the substance of my statements in this
Declaration. I have no financial interest in the matter or the patents at issue.

3. I have reviewed the specification and the claims of the 228 patent. |
am familiar with the technology involved therein, having worked in the field for
many years.

4. To prepare this Declaration, | have considered the petition and the
references cited therein, including the declaration of Dr. Hassoun, the *228 patent,

my own experience and knowledge, and the documents cited herein. I provide my
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testimony from the perspective of a person of ordinary skill in the art at the time of
the invention. I was at least a person of ordinary skill in the art at the time of the
invention. [ am familiar with the knowledge and skill level of these people at the
time of the invention because I was involved in the industry at the time and had
frequent interactions with such people at the relevant time. I have also been asked
to construe the claims of the 228 patent, applying the plain and ordinary meaning
of the terms thereof from the perspective of a person of ordinary skill in the art in

light of the specification and other intrinsic evidence.

II. QUALIFICATIONS

5. Below is a summary of my education and experience. My curriculum
vitae, included as Appendix A hereto, records my education, experience, and
publications in greater detail.

6. I am currently a professor in the Department of Electrical Engineering
and Computer Science at the University of California, Irvine {“UCI”). I have held
this position since 2003. Previously, I held the position of Professor and Chair of
Electrical Engineering and Computer Science (ECE) at UCI, from 1998 to 2002.
Prior to that I was an Associate Professor in the ECE Department at UCI, from

1993 to 1997. Prior to that I was an Assistant Professor in the ECE Department at
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UCI, from 1987 to 1992. In 2015, I received Professor of the Year for the
Department of Electrical Engineering and Computer Science at UCIL.

7. I earned a Bachelor of Science degree, with honors, in Electrical
Engineering from the University of Texas at Austin in 1977. I earned a Master of
Science degree in Electrical Engineering from the University of Texas at Austin in
1979. I earned a Ph.D. in Computer Engineering from the University of Texas at
Austin in 1987.

8. I have over 45 years of experience in the Electrical Engineering and
Computer Science field. That experience includes holding the position of Member
of Technical Staff, No. 5 ESS Hardware/Software T1 Line Interface Design at
AT&T Bell Labs from 1980 to 1984. In this position I received the Outstanding
Achievement award from AT&T Bell Labs in 1984. In 2002, I received the Best
Paper award in Institute of Electrical and Electronics Engineers (IEEE)
Transactions on Very Large Scale Integration (VLSI) Design as well as the Best
Student Paper award co-authored with my doctoral students in the proceedings of
Asia and South Pacific Design Automation Conference (ASPDAC) *02. In 2020, I
received the Best Paper award in the proceedings of the IEEE International
Conference on Edge Computing (EDGE). In 2014, I received the Khwarizmi

International Award and became an IEEE Fellow.
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0. Over the past 45+ years my research has focused on hardware,
software, and VLSI design of low-power and high-performance computer systems
for applications in mobile systems, computer graphics processing, 3D integrated
circuits, memory structures (e.g., static random-access memory (SRAM), dynamic
random-access memory (DRAM), flash memory, and register files), Network-on-
Chip (NoC), and integrated sensors. This includes proposing, with colleagues, an
integrated approach that allows cross-layer verification of both a cache coherence
protocol and a communication fabric in a multicore processor all at once.

10.  Since joining UCI in 1987, I have been teaching, researching, and
consulting regarding almost all aspects of high performance computer systems,
including but not limited to VLSI design, computer architecture, parallel
implementation of computationally critical applications such as signal processing
and error correcting schemes, DRAMs, SRAMs, and interfacing flash memories.

11.  Over the course of my career, | have supervised more than 40 doctoral
students and 30 masters’ students who have taken key positions in the electrical
engineering and computer engineering sector. [ have served as post-doctoral
advisor for more than 10 scholars that worked with my research group.

12.  In 2000, I cofounded a company called Morpho Technologies, which
was focused on the design and development of low power and high-performance
digital signal processors (DSPs) for mobile applications. As part of my duties as
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the chief technologist for the company, I evaluated patents, technical reports, and
presentations related to memory chip designs, DSPs, and parallel processing
algorithms for mobile platforms.

13.  For Morpho, I designed, developed, and tested the key memory block
responsible for exchanging data between the host processor and the slave processor
(array processor). This subcomponent was designed to meet the power and
performance requirements of the architecture for mobile embedded applications. I
also designed the main data storage of the microcontroller (a reduced instruction
set computer, or “Tiny RISC”) that was used for storing temporary data between
the Tiny RISC and the array processor, based on SRAM technology, which is a
type of volatile memory. I was one of the primary contributors for the prototype
board design of the Morpho chip, which utilized DRAMSs, field-programmable gate
arrays (FPGAs), flash memory and other prototype board components.

14.  As part of my teaching and research experience, I have been
responsible for developing circuits, electronic modules, and related architectures
for a variety of memory systems. For example, I designed the memory block
responsible for managing out-of-order execution of data registers corresponding to
different threads in the multithreaded superscalar DSP that was developed at UCI. 1
also designed the original temporary data storage subcomponents for the VLIW
integer processor (ViPER) and the original Tiny RISC processor. ViPER was
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considered the very first ever VLIW processor designed using Metal Oxide
Semiconductor Implementation Service (MOSIS) 1.2-micron technology that
included memory and logic circuits. I have also done extensive work on the design
of efficient data correction schemes using reconfigurable computing based on the
Morpho parallel array architecture.

15.  In 2006, I analyzed the hardware implementation of low-density
paritycheck (LDPC) as a consultant for a local flash memory module design
company. In this capacity, with the help of one of my doctoral students, we
modeled the hardware and evaluated the computation complexity of using an
application-specific integrated circuit (ASIC) for implementing LDPC for a flash
memory-based board.

16.  Currently, [ am working on developing accelerators and optimization
techniques for implementation of efficient machine learning platforms. As part of
this work, I am taking sequential implementation of matrix vector computations
that are the most demanding aspect of the Convolutional Neural Network (CNN)
algorithms and implementing them on flash memories, using Ohm’s equation and
Kirchhoff’s current law in the analog domain where the flash memories hold the
corresponding weights for the convolutional layer of the CNN.

17.  Iam a technical expert in the subject matter areas relevant to this
matter, including my expertise on cache architectures and cache coherency in
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multicore processors. I developed a coherence-aware formal verification
methodology that models realistic cache systems—including their queues, message
flows, and protocol state machines—and uses invariants to mechanically prove
correctness properties (like absence of deadlock) in complex multicore cache
hierarchies. I extended prior verification frameworks to model realistic cache
designs and coherence behaviors, particularly Modified Invalid (MI) coherence
protocols, cache-to-cache transfers, DMA interactions, and queue-based
interconnect constraints. As part of this work, I evaluated two extensive case
studies: the verification of a directory-based MI protocol in a 2D mesh and the

verification of a ring-based snoopy protocol in a 2D torus.

III. LEGAL STANDARDS

18. I have been informed by counsel of general principles concerning
patent law and the analysis of whether a patent claim is invalid. Below I set forth
my understanding of the legal principles that may be relevant to my opinions in
this Declaration.

19. T understand that a party challenging a patent’s patentability in an IPR
proceeding bears the burden of proving invalidity by a preponderance of evidence.

20. I have been informed and understand that, under U.S. patent law, a

patent may not issue “if the differences between the subject matter sought to be
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patented and the prior art are such that the subject matter as a whole would have
been obvious at the time the invention was made to a person having ordinary skill
in the art to which said subject matter pertains.” This has typically been referred to
as the obviousness inquiry. I have been informed and understand that the
obviousness inquiry requires that the claimed invention be considered as a whole
and that in determining the differences between the prior art and the claims, the
question is not whether the differences themselves would have been obvious, but
whether the claimed invention as a whole would have been obvious.

21. Thave been informed and understand that obviousness is a question of
law based on underlying factual determinations, including: (1) the scope and
content of prior art; (2) differences between prior art and claims; (3) the level of
ordinary skill in the art; and (4) secondary considerations (or objective indicia) of
non-obviousness, such as commercial success, long-felt but unmet needs, failure of
others, unexpected results, and expert skepticism.

22. Thave been informed and understand that a party asserting that a
patent is obvious must demonstrate that a skilled artisan would have had reason to
combine the teaching of the asserted prior art references to achieve the claimed
invention, and that the skilled artisan would have had a reasonable expectation of
success in doing so. I have been informed and understand that reasonable
expectation of success is assessed as of the date of the invention described in the
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patent. That the inventors were ultimately successful is irrelevant to whether one of
ordinary skill in the art, at the time the invention was made, would have reasonably
expected success. Any finding to the contrary represents impermissible use of
hindsight— using the inventors’ success as evidence that the success would have
been expected.

23. Thave been informed that, as part of determining the scope and
content of the prior art, it may be appropriate to consider whether there is evidence
of a “teaching, suggestion, or motivation” to combine the prior art teachings in the
prior art, the nature of the problem or the knowledge of a person having ordinary
skill in the art. The question is not simply whether the prior art teaches the
particular element of the invention. Knowledge of the goal does not render its
achievement obvious.

24. I have been informed that one indicator of non-obviousness is when
prior art “teaches away” from combining certain known elements. A prior art
reference teaches away from the patent’s particular combination if it leads in a
different direction or discourages that combination, recommends steps that would
not likely lead to the patent’s result, or otherwise indicates that a seemingly
inoperative device would be produced. If the prior art indicated that the invention
would not have worked for its intended purpose or otherwise taught away from the
invention, the invention is not obvious.
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25. Thave been informed that a patent that is composed of several
elements is not made obvious merely because each of those elements was
independently known in the prior art. Rather, the useful inquiry is whether there
was a reason that would have prompted a person having ordinary skill in the art to
combine the elements in the manner of the new invention. Thus, the challenger
must show that at the time of the invention a person of ordinary skill in the art
would have been motivated to combine the references, not just that the references
could have been combined.

26. I have been informed that one must remain vigilant of the distortion
caused by hindsight bias and must be cautious of arguments reliant upon ex post
reasoning. The selective hindsight combination of references that show various

elements of the claim generally does not suffice to establish obviousness.

IV. A PERSON OF ORDINARY SKILL IN THE ART (“POSITA”)

27. Tunderstand that Petitioner has proposed, and the Board has agreed, at
least preliminarily, that the level of ordinary skill in the art is someone with “(1) at
least a bachelor’s degree in electrical engineering, computer engineering, physics,
or a similar field, (2) approximately two years of industry experience in a field
related to microelectronic architecture design, including experience with cache

management in multicore systems-on-a-chip (SoCs)” Ex. 1003, 49 50-51. I have
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adopted this definition of a person of ordinary skill in the art (“POSITA”) in
connection with my analyses.
28. At the time of the invention recited in the *228 patent, I met and

exceeded this definition of a POSITA.

V. OVERVIEW OF THE °228 PATENT

29. The ’228 patent describes a solution for particular “problems [that]
arise once an IO component is integrated on the same chip with a multiprocessor.”
Ex. 1001, 1:19-20. In such circumstances,

Traditional IO integration treats the [O component as a separate
caching agent, meaning that dedicated logic is associated with
the IO component to handle cache coherency operations. When
an 10O agent is performing read/write operations to main
memory, it has to snoop the CPU side cache to maintain cache
coherency. In MP systems, this becomes a major scaling

problem.

Id., 1:20-28. The solution described in the *228 patent employs “a CPU caching
agent [ ] configured to support both CPU traffic and 10 traffic as well, thereby
resolving the scaling issue.” Id., 1:56-58; and see id., 2:16-26; 2:40 — 3:12. The
single caching agent can be “distributed such that each of the different portions of

the caching agent can be associated with a corresponding core and LLC [(last level

cache)] bank or slice.” Id., 3:1-3; and see id., 6:20-39.
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30. The use of a single caching agent to support both CPU and IO traffic
1s recited in independent claim 1 of the *228 patent:

An apparatus comprising:

a multicore processor including a plurality of cores, a shared
cache memory, an integrated input/output (IIO) module to
interface between the multicore processor and at least one 10
device coupled to the multicore processor, and a caching agent
to perform cache coherency operations for the plurality of cores
and the 11O module, the caching agent a single caching agent
for the multicore processor and including a plurality of
distributed portions each associated with a corresponding one

of the plurality of cores.
1d., 7:36-46 (emphasis added).
31.  Figure 2 of the *228 patent illustrates an example of the recited

“caching agent:”
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According to the specification:

As shown in FIG.2, caching agent 200 may be logic

FIG. 2

interposed between one or more cores of a processor and

a LLC 230. In addition, caching agent 200 may also

provide an interface between an 110 module within a

N
260

multi core processor and the LLC. As seen, caching agent

200 can include an ingress port 210 that includes multiple

ingress queues 211-213. As seen, ingress port 210 may

be coupled to an arbiter 215 which can arbitrate amongst

incoming requests and provide them to a table of requests

(TOR) 220. As seen, TOR 220 may be a buffer or other
temporary storage for holding incoming requests. In the
embodiment shown, TOR 220 may include at least one

dedicated resource 225 for posted transactions. In one

embodiment, dedicated resource 225 may be a single
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Id., 2:35-65.

A.
32.

entry of the queue, although the scope of the present

invention is not limited in this regard.

Still referring to FIG. 2, TOR 220 interfaces with LLC
230. More specifically, this LLC may be a bank or other
portion of the LLC associated with the caching agent. To
provide access to other locations within the processor via
a ring interconnect 260, an ingress queue 240 and an
egress queue 250 may be provided. Thus via caching
agent 200, cores of the processor and an IO module can
maintain coherency without the need for additional
caching agents. Although not shown for ease of
illustration, understand that caching agent 200 may
further include various coherency logic to perform cache
coherency operations on behalf of the cores and 11O
module, and to enable coherent access with regard to
both the core transactions and IO device transactions as

described herein.

Construction of a “Single Caching Agent”

I understand that when reviewing the patentability of a claim, the

analysis requires that the claim must first be construed. And, I understand that,

absent any specifically defined terms from the specification, the claims should be
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construed consistent with their plain and ordinary meaning as understood by a
person of ordinary skill in the art when read in the context of the specification and
prosecution history of the patent. In forming my conclusions concerning the
patentability of the claims I applied such constructions.

33. Tunderstand the Board has preliminarily construed the “single caching
agent” recited in claim 1) as “one caching agent for the processor, which may be
formed from distributed portions.” Paper 15, Institution Decision, at p. 15. I agree
a single caching agent means one caching agent for the processor. But I emphasize
that this one caching agent is a logically unified entity, and would be understood as
such by a person of ordinary skill in the art. By “logically unified entity,” I mean a
single, cohesive caching agent where all distributed portions are interconnected,
consistent, and function together in a rational or systematic manner, not a
collection of independent caching agents that merely communicate with one
another. This understanding is emphasized in the specification, which teaches that
the one caching agent, irrespective of any distributed portions, acts for all the cores
and the IIO module. Ex. 1001, 2:18-20 (“this caching agent may be a combined
caching agent both for the CPU as well as for an integrated 10 agent™); 2:58-60
(“['V]ia caching agent 200, cores of the processor and an 11O module can maintain
coherency without the need for additional caching agents.”); 6:25-29 (“Note that
while distributed caching agents are shown, understand that these distributed
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portions form a single caching agent, and which is configured to handle cache
coherency operations both for the cores as well as an II0 module 750.”); 7:5-7 (“a
single caching agent shared by the I10 module and the cores of the processor.”)

(emphases added).

VI. THE PETITION FAILS TO DEMONSTRATE THAT ANY
CHALLENGED CLAIM IS UNPATENTABLE

34. T understand that the petition presents two groups of challenges to the
claims of the 228 patent; one based primarily on the teachings of Agarwal (Ex.

1003), and the other based primarily on the teachings of Sinharoy (Ex. 1004):

Ground References Claims

1 § 103 Agarwal' 1,2,4-7,11-14

2A [ §103 Sinharoy? 1,4,6,7,11-14

2B [§103 Sinharoy in view of 2,3,16-18
Blumrich?

2C | §103 Sinharoy in view of Sistla* |5

! Agarwal et al., U.S. Patent No. 7,805,575 (Ex. 1005).

2B. Sinharoy et al., IBM POWER7 Multicore Server Processor, IBM J. Res. &
Dev., v. 5, no. 3 (May/June 2011) (Ex. 1006).

3 Blumrich et al., US PGPUB 2011/0219188 (Ex. 1007).

4 Sistla, et al., US PGPUB 2008/0216750 (Ex. 1008).
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2D | § 103 Sinharoy in view of Sistla 19

and Blumrich

Pet., 5.

A.  The Challenged Claims are Not Unpatentable in View of Agarwal
1. Overview of Agarwal

35. Agarwal describes a tiled multicore processor architecture in which
each “tile” includes a processor core, a cache, and a directory controller
responsible for managing cache coherence for a specific region of memory. Ex.
1005, 3:7-14, 21-24.The system implements a distributed directory protocol, where
each directory controller operates autonomously for its assigned memory region.
1d., 3:39-41, 55-61; 4:9-12; 40-45. The assignment of memory regions to directory
controllers is accomplished through the concept of a “home tile.” For any given
memory address, a deterministic function (such as a hash or address mapping
table) designates a particular tile as the “home tile” for that address. The directory
controller on the home tile is solely responsible for maintaining coherence for its
assigned memory region. Id., 4:40-45, 55-57; 17:42-57; 23:51-53.

36. When a processor core or an IO module wishes to access a memory
location, the request is routed to the home tile for that address. The directory

controller on the home tile examines its directory state to determine the appropriate
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coherence action—such as supplying data, invalidating other caches, or updating
state. Each directory controller acts independently for its own region. /d., 16:25-45;
19:3 —20:25 (discussing Figs. 6A & 6B); 27:46 — 28:8.

37.  Agarwal extends this protocol to IO transactions through its
“ProxylO” coherence mechanism. /d., 27-44-46. When an 10 module (integrated
on the multicore chip) initiates a transaction—such as a DMA write or read—the
IO module uses the same address mapping logic to determine the home tile for the
target memory address. The 10 module then sends the transaction directly to the
home tile’s directory controller, which processes the 10 request in the same
manner as a request from a processor core. The directory controller updates its
directory state, manages cache lines, and ensures coherence for the memory region
under its control. The IO module itself does not participate in coherence
management beyond initiating the transaction; all coherence actions are handled by
the home tile’s directory controller. /d., 29:5 — 30:4.

38.  In summary, Agarwal’s architecture is characterized by a set of
distributed and independent directory controllers, each managing coherence for a
distinct memory region as the “home tile,” and handling both processor and 10

module transactions for their assigned regions.
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2. The Single Caching Agent: Limitation of Claim 1 is Not Disclosed
or Suggested by Agarwal

a) ARM Conflates Agarwal’s “Distributed Directory Controllers” with the
Claimed “Single Caching Agent”

39. Claim 1 requires “a single caching agent ... including a plurality of
distributed portions each associated with a corresponding one of the plurality of
cores.” Ex. 1001, 7:36-46. The ’228 patent specification makes clear that this is not
a mere collection of independent cache controllers, but a logically unified agent
with distributed portions, each tied to a core, that performs coherency for both the
cores and the IIO module. /d., 2:66 — 3:3 (“Note that although a single structure is
shown in FIG. 2 for ease of illustration, understand that a caching agent can be
distributed such that each of different portions of the caching agent can be
associated with a corresponding core and LLC bank or slice.”); 6:25-29 (“[T]hese
distributed portions form a single caching agent, and which is configured to handle
cache coherency operations both for the cores as well as an I1O module 750.”);
7:5-7 (“[A] single caching agent shared by the IIO module and the cores of the
processor.”).

40. The specification of the *228 patent explains that “caching agent 200
may be logic interposed between one or more cores of a processor and a LLC 230.
In addition, caching agent 200 may also provide an interface between an 11O

module within a multicore processor and the LLC. ... Thus via caching agent 200,
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cores of the processor and an IO module can maintain coherency without the need
for additional caching agents. /d., 2:36-65. By employing the “single caching
agent” a separate, dedicated IO caching agent is avoided. Instead, “the 110 module
proxies through the CPU caching agent to access memory or other 10 devices.” Id.,
3:4-5. This approach also “reduces the amount of snoop traffic needed since a
reduced number of caching agents per system can be realized.” Id., 3:8-9.

41. Agarwal’s Proxy Cache Coherence (“PCC”) approach, by contrast,
involves a system where each tile (core) has its own directory controller and
directory storage, operating independently for their assigned memory regions. Ex.
1005, 16:30-38; 18:1-10. There is no teaching or suggestion in Agarwal that these
controllers are logically unified into a “single caching agent” as required by claim
1. Instead, Agarwal’s architecture is an example of a distributed directory protocol,
where each directory controller is responsible for its own partition of memory, and
there is no central or logically unified agent managing coherency for the entire
multicore processor. Id., 16:26-45, 23:51-53.

42. Petitioner’s and Dr. Hassoun’s assertion that Agarwal’s distributed
directory controllers “collectively” manage coherence, see Ex. 1003, 9 64, does not
satisfy the claim’s requirement for a single caching agent. Dr. Hassoun testified in
his deposition that the controllers are “operating collectively, but they’re doing
different functions as they need to. ... But collectively, they perform the cache
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coherency operation.” Ex. 2007, 83:5—10. This “collective” action that Dr.
Hassoun assigns to the directory controllers is nothing more than message passing.
Agarwal explains that in the event of a cache miss on a tile, the “miss goes as a
message through the network to the home tile.” Ex. 1005, 19:11-12. The message
encodes various information, but it is the directory controller at the home tile—that
is, the tile for which its associated directory controller has responsibility—that is
responsible for cache coherence operations with respect to the associated address.
1d., 19:30-38. There is no “collective” cache coherence operation. And, inasmuch
as each home tile’s directory controller is performing the same actions for its
assigned memory region, there is no “single caching agent” that is performing
cache coherency operations for the plurality of cores—a distinction critical to
claim 1.

43.  The “single caching agent” required by the 228 patent is a logically
unified entity—irrespective of any distributed portions—that acts as one agent for
all cores and the 110 module. Ex. 1001, 2:66-3:3, 6:22-29. In Agarwal’s system,
while the individual directory controllers may interact via protocol-level
messaging, they are not unified with one another as a single agent. Instead, each
directory controller is autonomously responsible for its own assigned memory
region, making independent coherence decisions for that memory region. Ex. 1005,
16:26-45; 19:7 — 20:25; 23:51-53. The controllers are not unified as a single entity
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that makes coherency decisions for all of the cores (tiles); rather the directory
controller of each home tile manages its own assigned memory region
independently. The distinction is between Agarwal’s approach, which relies on
collaboration among peer tiles, and an alternative approach that enforces coherence
through a single, unified control point.

44.  Put differently, in Agarwal the actions of the different home tile
directory controllers (as independent agents) involve a group of autonomous
entities operating according to their own decision-making processes. They interact
through messages passed to one another, but they do not operate as a single unit.
The system's outcome emerges from these individual operations. A single agent
with distributed portions, in contrast, refers to one unified entity whose
components are spread out but operate under centralized control. The "portions"
work in concert under a common directive. By way of analogy, imagine a company
with several independent managers. Each runs their own department (“collective”
management) while periodically informing the others about their decisions.
Contrast this with a single manager with deputies in each department (“single
agent with distributed portions”). The former is not the latter, even if the individual

department managers inform one another of some of their activities.
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b) The Association of Distributed Portions with Cores Is Not Disclosed

45. Claim 1 requires that each distributed portion of the single caching
agent is “associated with a corresponding one of the plurality of cores.” Ex. 1001,
7:44-45. The petition argues, “Agarwal teaches ‘[a]t least some of the directory
controllers are associated with a processor core. . . . Similarly, Agarwal teaches
‘[e]ach of at least some of the processor cores includes a directory controller...’
and ‘at least some of the storage for directory state.” Each directory controller 603 /
directory storage 604 pair (‘distributed portion [of the caching agent]’) is
‘associated with’ a processor 600 within each tile (i.e., ‘corresponding one of the
plurality of cores’).” Pet. at 23-24 (citations omitted). In other words, the petition
argues that because each tile’s directory controller is architecturally paired with a
core, this constitutes the “association” recited in the claim. But this argument fails.

46.  Agarwal’s directory controllers serve memory regions, not cores. See
Ex. 1005, 19:7-29. The assignment of memory regions to directory controllers is
determined by a hash or mapping function on the memory address, not by core
identity. Any core or IO module can generate a request for any memory address,
and the request is routed to the home tile for that address. As a result, a directory
controller on Tile X handles requests originating from any core, including cores
other than Tile X, depending on memory access patterns and address mapping. The

controller’s responsibility is to the memory region, not to the core on its tile. /d.,
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16:31-45; 17:50-51; 23:51-53. This is true even in Agarwal’s shim cache
coherence (“SCC”) embodiment. /d., 14:60 — 15:12.

47.  Contrast this with the *228 patent’s association between cores and
portions of the caching agent. Claim 1 explicitly provides that each portion of the
caching agent is associated with one of the plurality of cores. Ex. 1001, 7:44-46.
Given this context, a POSITA would understand that the distributed portion is not
merely co-located with a core, but as the component that performs cache coherency
operations for that core. And it is a one-to-one correspondence between portion of
the caching agent and a core. The claim language ties each “distributed portions”
to the function of performing cache coherency operations for its associated core.
The specification reinforces this, stating that “a caching agent can be distributed
such that each of different portions of the caching agent can be associated with a
corresponding core and LLC bank or slice,” and that these distributed portions
“form a single caching agent ... configured to handle cache coherency operations
both for the cores as well as an 110 module.” Id., 2:66-3:3, 6:22-29. This one-to-
one functional association does not exist in Agarwal, which instead describes one
tile’s directory controller performing cache coherency operations for a request
originating at another tile’s core. Ex. 1005, 19:7-38.

48. A practical example based on Agarwal illustrates the distinction:
Suppose a core A on Tile 1 accesses a memory address whose home tile is Tile 5.
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The directory controller on Tile 5, not Tile 1, manages coherence for that address,
even though it was a core on Tile 1 that initiated the request. The same is true if a
core B on Tile 2 accesses that same memory address. Once again it is the directory
controller on Tile 5 that manages coherence for the address. In no meaningful way,
in the context of claim 1, is the directory controller on Tile 5 associated with a
core, as it must manage coherence for requests made by any and all cores of the
multiprocessor whenever those cores access one of the directory controller’s
assigned memory addresses. Accordingly, in my opinion, Agarwal does not teach

or suggest at least this “association” requirement of claim 1.

c) The “Single Caching Agent” Must Perform Coherency for Both Cores
and the 110 Module

49. Claim 1 requires that the single caching agent perform coherency
operations for both the cores and the 110 module. Ex. 1001, 7:36-46. Agarwal’s
“ProxylO” extension allows an I/O module to participate in the directory protocol,
but this is accomplished by sending requests to the appropriate directory
controller(s) for the relevant memory region(s). There is no single agent that
manages coherencies for all the cores and the I/O module; rather, each directory
controller manages its own assigned memory region, whether the request comes
from a core or an I/O module. Ex. 1005, 29:5-28.
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50.  According to Agarwal, in an extension of the PCC approach, called
‘ProxylO coherence,” a home tile—that is, a directory controller of a home tile—
manages cache coherence in the presence of an I/O module (‘I/O coherence’). Id.,
27:44-46; 29:5-31. Coherence processing at the home tile for memory access
requests from an I/O module includes a set of actions that are similar to those for
PCC. Id. Agarwal’s Figure 9C illustrates an I/O module sending a write transaction
to the home tile, which then performs coherence processing.

51. AsIexplained above, each home tile’s directory controller is an
independent agent, responsible only for its assigned memory region. Agarwal’s
architecture is intentionally decentralized in this regard. Consequently, when a
home tile’s directory controller manages coherence for its assigned memory
region, even when the request comes from an I/O module, other directory
controllers are not involved in the coherence operation. This means that for
requests by the I/O module that implicate different memory regions, coherency
operations associated with those requests will be handled, autonomously, by
different directory controllers according to the respective memory region assigned
to each directory controller. In short, there is no single agent responsible for

coherency for all cores and the I/O module together.
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d) A POSITA Would Not be Motivated to Modify Agarwal to Arrive at the
Claimed Invention

52.  Even if Agarwal’s distributed directory controllers could be
considered “portions” of a single agent (which they cannot), the petition does not
provide a reasoned motivation for a POSITA to modify Agarwal’s architecture to
arrive at a logically unified single caching agent with distributed portions as
claimed. Any assertion that “it would have been obvious” to treat Agarwal’s
distributed directory controllers as a single agent is unsupported by technical
rationale or evidence.

53. Inatile-based system like Agarwal’s, it would neither be practical nor
possible to implement a “single caching agent” as recited in the *228 patent
without fundamentally changing the architecture. The reasons for this are rooted in
scalability, physical distribution, and the design philosophy of tiled multicore
systems.

54.  Physical distribution and scalability: Tile-based systems that employ
directory-based cache coherence approaches, such as Agarwal’s, are expressly
designed for scalability and parallelism. See id., 2:21-24. Each tile (core) is a self-
contained unit with its own local resources, including cache and directory
controller. Introducing a single, centralized caching agent would create a
bottleneck as the number of tiles increases, undermining the main advantage of the

specified approach. Moreover, routing all cache coherence traffic routed through a
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single agent would introduce significant wiring complexity and latency, especially
as chip sizes grow.

55. Distributed directory protocols are fundamental to Agarwal:
Agarwal’s PCC protocol is built on the principle that each tile is responsible for
coherence for a subset of memory (its “home region™). Id., 4:9-12, 40-45; 7:65 —
8:13. This localizes coherence operations, reduces global communication, and
enables the system to scale. A single caching agent, by contrast, would necessarily
require all coherence operations—reads, writes, invalidations, etc.—to be funneled
through one logical entity, which is fundamentally at odds with the distributed,
parallel nature of tiled systems.

56. Logical vs. physical unity: The ’228 patent’s “single caching agent
with distributed portions” is a logically unified agent, even if physically
distributed. In Agarwal, the system is made up of independent directory
controllers, each acting autonomously for its assigned memory region. To
implement a true “single caching agent” in Agarwal’s system would require
unifying all directory controllers, which would necessitate architectural changes
not taught or suggested by Agarwal.

57.  Performance and power: Routing all coherence traffic through a single
agent would create a performance bottleneck and increase power consumption due
to longer communication paths and higher contention.
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e) Sharing of Cache Lines in Agarwal Does Not Require Logical
Coordination of Caching Agents

58.  Sharing of cache lines across tiles in Agarwal does not mean there is
logical unity or a “single caching agent” present. While such sharing does require
protocol-level communication between Agarwal’s independent directory
controllers, that is not logical coordination in the sense of a single caching agent as
recited in claim 1.

59. Distributed Directory Protocols: Local Autonomy, Protocol
Communication: In Agarwal, each home tile’s directory controller is solely
responsible for coherence decisions for its assigned memory region. /d., 3:39-41;
4:9-12; 23:51-53. When a cache line is shared (i.e., cached in multiple tiles), the
home tile’s directory controller tracks which tiles have copies (using pointers,
sharer lists, or bits). Id., 4:19-22; 14:33-36; 16:58-66. If another tile wants to write
to a shared line, it must communicate with the home tile’s controller, which then
issues invalidations or updates as needed. /d., 22:27-29.

60. Protocol Communication # Logical Unity: The controllers exchange
messages as part of the coherence protocol (e.g., sending invalidates,
acknowledgments), but each acts autonomously for its region. /d., 19:7 — 20:25.

There 1s no single caching agent maintaining global state and no single point of
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cache coherence operations—each controller acts independently for its own
allocated memory region. /d. This is fundamentally different from a “single
caching agent,” whether with distributed portions or otherwise, which describes a
unified logic and global view. See, e.g., Ex. 1001, 2:36-65.

61. No Unified Coherency for All Cores and 110: Even when cache lines
are shared, all coherence actions (e.g., invalidation, update) for a given line are
managed by the home tile’s controller for that line. Other directory controllers are
not involved in coherence decisions for that line—they only participate for lines
for which they are the home. Ex. 1005, 19:7 — 20:25. Agarwal describes the
protocol as “distributed,” with each home tile acting as a “proxy” for its assigned
region. Id., 7:65 — 8:28. There is no suggestion that the controllers are just portions
of a single agent; rather, they are independent agents.

62. To better appreciate this distinction, consider of a group of
independent referees, each assigned to a different playing field. If a player moves
from one field to another, the referees may communicate about the player’s status,
but each referee is only in charge of their own field. There is no “single referee”
for all fields—just a protocol for communication between referees. In Agarwal,
sharing of cache lines requires similar message-passing between the independent
directory controllers, but this does not create logical unity or a single caching
agent. Each controller is autonomous for its region. Communication is necessary
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for correctness but does not amount to unified control or logic. This is

fundamentally different from the “single caching agent” of the *228 patent.

f) The Protocol-Driven Cooperation Among Directory Controllers in
Agarwal Does Not Mean They are Parts of a Single Caching Agent

63. Protocol-driven cooperation in Agarwal reflects distributed autonomy,
not the logical unity of a single caching agent as recited in claim 1.

64. In Agarwal, directory controllers cooperate by following a distributed
coherence protocol, e.g., sending invalidation messages, acknowledgments, etc. 1d.
Dr. Hassoun describes this as a “collective” approach to coherency operations that
establishes Agarwal as teaching a single caching agent. See Ex. 1003, 9 64. In my
opinion, this is not correct.

65. The communication that is present between Agarwal’s directory
controllers is necessary for correctness, but it is message passing, not centralized
control. Said differently, Agarwal’s coherence protocol ensures system-wide
consistency of memory, not logical unity of controllers. Each directory controller
operates autonomously for its assigned memory region. The protocol simply
defines how these independent agents interact. It does not somehow transform

these autonomous agents into a single, unified decision-making entity.
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66. If anything, Agarwal’s design philosophy is one of “distributed
coordination.” Each home tile’s directory controller, and only that controller,
makes coherence decisions for its assigned memory region. Ex. 1005, 19:7 — 20:
25. When a memory line is assigned to a tile (e.g., via a hash function) the tile’s
controller is fully responsible for coherence of that line. Other tiles do not
participate in the decision-making for that line; they only send and/or receive
protocol messages when necessary. In other words, the controllers do not share a
common control structure or act as portions of a single entity. They are
independent agents. When they communicate with one another they do so as peers,
not as subcomponents of a unified agent. This philosophy emphasizes scalability
and parallelism. It avoids bottlenecks inherent in a centralized control scheme and
allows each tile to operate independently for its region.

67. Contrast this with the 228 patent. The ’228 patent requires a single
caching agent with distributed portions, meaning both logical unity (one agent,
even if physically distributed) and unified control (distributed portions acting
under unified logic). Think of the distinction like this:

68. In one scenario (the *228 patent methodology), a master scoreboard in
a sports tournament shows all teams’ scores (global state). This means decisions
(e.g., ranking, tie-breaks, etc.) can be made centrally because all of the necessary
information is aggregated in one place. This mirrors the *228 patent’s single
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caching agent with distributed portions which maintains coherence across all cores
and the 110 module as one logical entity.

69. In asecond scenario (Agarwal, distributed coordination) each team
only knows its own score and communicates it (or, more generally, updates
regarding the score) occasionally. There is no single “master” scoreboard. The
messages exchanged in the second scenario do not create or imply a central
authority or a unified global state. Instead, there are only “local” scoreboards, and
the messages serve to maintain correctness through distributed consensus, where
each scoreboard updates its own local state. This reflects Agarwal’s independent
directory controllers, which cooperate via a distributed protocol but remain
autonomous for their assigned memory regions.

70.  The 228 patent states that distributed portions “form a single caching
agent” configured to handle coherencies for all cores and the 11O module. See, e.g.,
Ex. 1001, 6:22-29. This means that there is one logical entity that knows the
complete coherence status of every memory line across all participants. Decisions
about cache coherence are made with awareness of the entire system’s state.
Agarwal never suggests such unity. Each directory controller only knows about its
own memory region. There is no single agent or mechanism that aggregates
coherence information across all tiles. Each controller acts independently, and
system-wide consistency is achieved through protocol-driven messaging, not
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centralized or unified logic. While Agarwal’s protocol ensures a unified view of
memory, that does not make the controllers parts of a single logical agent. They
remain independent entities following common rules, not portions of one agent.
71.  For all of the above reasons, it is my opinion that the petition fails to
establish that Agarwal discloses or renders obvious the “single caching agent ...
including a plurality of distributed portions each associated with a corresponding
one of the plurality of cores” required by claim 1 of the *228 patent. Agarwal’s
distributed directory controllers are not a “single caching agent,” and there is no
teaching, suggestion, or motivation to modify Agarwal to arrive at the claimed

invention.

3. Claim 2 is Not Obvious in View of Agarwal

72. Claim 2 reads:

“The apparatus of claim 1, wherein the caching agent
includes a table of requests to store pending requests for

the plurality of cores and the 110 module.”
Ex. 1001, 7:47-49.

73. T understand that because of its dependency from claim 1, all of the

above reasons for claim 1’s patentability over Agarwal apply equally to claim 2.
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74.  The recited “table of requests” (TOR) within the caching agent, which
stores pending requests for both the cores and the IO module, is described as a
buffer or temporary storage for holding incoming requests from both the cores and
the IIO module and is part of the single caching agent’s logic for managing and
arbitrating requests. /d., 2:44-53, 2:66 — 3:3.

75.  The petition argues that Agarwal discloses or renders obvious the
recited “table of requests” because Agarwal’s directory controller in each tile
maintains a buffer or queue of outstanding transactions. Pet., 24-25; Ex. 1003, 99
94-97, 204-213. The petition also references Agarwal’s mention of a “small buffer
that contains a list of outstanding transactions with an acknowledgement counter
associated with each [outstanding transaction].” Pet., 24 (citing Agarwal, 27:21—

25).

a) The “Table of Requests” Limitation Is Not Disclosed or Suggested by
Agarwal

1. The °228 Patent’s “Table of Requests” (TOR) Is a Specific, Centralized
Structure

76.  The ’228 patent describes the TOR as a centralized structure within
the caching agent that stores pending requests from both the plurality of cores and
the IIO module. Ex. 1001, 2:38-53; Fig. 2, els. 220, 225. Understanding the TOR

as a “centralized structure,” is consistent with the patent’s description of the TOR
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as a single, shared resource within the caching agent and not a collection of
separate, per-core or per-module buffers. As illustrated in Figure 2, the TOR is a
single, unified table within the caching agent, downstream of the arbiter (215) and
upstream of the LLC (230), that arbitrates and manages requests from both the

processor cores and the 11O (integrated input/output) module.
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FIG. 2

All requests from the cores and the I[IO module are funneled through this structure.
Claim 2 makes clear the nature of this shared resource and the claim does not say
“each core includes a table of requests” or “each portion [of the single caching
agent] includes its own table.” Instead, it says the caching agent (singular) includes
a table of requests (singular) for all sources, which implies a unified, centralized

structure within the caching agent that stores all incoming requests.

2. Agarwal’s Buffers Are Not the Claimed “Table of Requests”
77.  Agarwal’s “small buffer” is described as a per-tile structure that tracks
outstanding transactions for that tile’s directory controller. Ex. 1005, 27:21-25.
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There 1s no disclosure in Agarwal of a centralized table or buffer that stores
pending requests from both all the processor cores and the I/O module, nor is there
any suggestion that the per-tile buffers are shared resources in the manner required
by claim 2.

78.  Agarwal’s architecture is fundamentally distributed: each tile manages
its own directory state and outstanding transactions. See, e.g., id., Fig. 2, Fig.
6A/B, and the accompanying text at 16:26—45; 19:7 — 20:25; 27:21-25. There is no
teaching or suggestion of a single, centralized table (within a caching agent or
otherwise) that stores pending requests from both the plurality of cores and the I/O
module. The buffers described are local to each tile and are not shared among tiles
or between cores and I/O modules, and the architecture is explicitly described as
distributed, with each tile responsible for its own directory and transaction

management.

3. The Petition Conflates Distinct Structures

79.  The petition and Dr. Hassoun equate Agarwal’s per-tile buffer with
the ’228 patent’s TOR, but this is a misreading.

80.  The Background section of the *228 patent notes that in systems
where both cores and IO modules issue requests, deadlocks can occur if posted
requests (e.g., writes) are blocked by non-posted requests (e.g., reads), especially
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when both types of requests are funneled through a shared resource. Ex. 1001, 19-
30. The invention introduces the TOR within the caching agent, and it includes at
least one dedicated resource (queue entry) for posted transactions. /d., 2:44-53. By
reserving a dedicated entry for posted requests, the TOR ensures that posted
requests are not blocked by non-posted requests in the queue. This prevents
deadlocks that would otherwise occur if a posted request (which must proceed for
the system to make progress) is stuck behind non-posted requests. The TOR, as
part of the caching agent, thus enforces the required ordering and resource
reservation to comply with PCle and similar protocols.

81. In Agarwal’s architecture, each tile (core) has its own directory
controller, directory storage, and buffer for outstanding transactions. Ex. 1005,
16:34-45. There is no centralized queue or table that receives requests from all
cores and I/O modules. Each tile manages its own requests and directory state
independently. The petition’s argument that Agarwal’s per-tile buffer is equivalent
to the *228 patent’s TOR ignores the requirement that the TOR 1is a shared
structure for all sources, not a local buffer. There is no teaching or suggestion in

Agarwal of a unified table that stores requests from all cores and I/O modules.

b) The Petition’s Reliance on “Obviousness” Is Misplaced

1. “Obvious to Include a Buffer” Is Not Enough
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82.  The petition argues that it would be “obvious™ to include a buffer or
queue for outstanding requests. Pet. 24. But this is not the same as the claimed
“table of requests” that is shared, centralized, and arbitrates among both core and
11O requests. In my opinion, the mere existence of buffers in prior art does not
render the specific, centralized, multi-source arbitration structure of the 228 patent
obvious.

83.  In computer architecture, it is common and well-known to use buffers
or queues to track outstanding requests—each processor, core, or module may have
its own local buffer for this purpose. These are typically simple, per-source
structures. Indeed, that is precisely what Agarwal describes. Ex. 1005, 27:21-25.
But the “table of requests™ in the *228 patent is not just any buffer. It is a specific,
shared structure within the caching agent that is designed to store pending requests
from both the plurality of cores and the 11O module. It is not per-core or per-
module, but a unified table. It is part of the caching agent, not just a generic
architectural feature. And it is structured to handle requests from multiple sources
in a unified way. Ex. 1001, 2:35-65.

84. I am advised that obviousness requires that the prior art, either alone
or in combination, would have led a POSITA to the claimed invention as a
whole—mnot just to a generic concept (like “use a buffer”), but to the specific
structure and function claimed. The *228 patent’s TOR is designed (as explained in
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the context of the invention) to address system-level problems such as deadlock
and ordering between posted and non-posted requests from multiple sources. A
generic buffer or queue for outstanding requests does not, by itself, solve these

problems or provide the same system-level coordination.

2. No Evidence of a Need for or Benefit of a Unified Table Handling Both

85.  Agarwal’s architecture does not require, suggest, or benefit from a
unified table of requests as claimed.

86.  First, Agarwal’s architecture is fundamentally distributed. Each tile
(core) in Agarwal’s system has its own directory controller, directory storage, and
buffer for outstanding transactions. /d., Figs. 2, 6A/B; 16:38-45 (“A directory
storage 604 for directory state can be included within the same memory that
provides the cache 602, or can be included in a separate memory module on the
tile. ... A directory controller 603 is coupled to the directory storage 604.).
Outstanding requests are tracked locally. Id., 27:21-25 (“The tile can also keep a
small buffer that contains a list of outstanding transactions along with an
acknowledgement counter associated with each.”). Such an architecture does not
require or suggest a unified table. Because each tile is responsible for its own
memory region (Agarwal’s “home tile” concept), and each tile only manages
requests for its own assigned memory region, there is no architectural need for a
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single, unified table that tracks requests from all cores and I/O modules. Requests
are routed directly to the appropriate tile based on address mapping (hash function,
TLB, etc.), and each tile processes only those requests relevant to its assigned
memory region. As such, Agarwal would not benefit from a unified table as it
would only introduce scalability issues. Each tile can already process requests
independently and in parallel, maximizing throughput. Having to route requests
through a centralized table would defeat the very purpose of this distributed
approach that allows the system to scale to many cores. A POSITA would not

deliberately handicap the system in such a fashion.

3. The Petition’s Use of Secondary References (e.g., Blumrich) Is Misguided

87.  The petition argues a buffer would be beneficial and cites Blumrich
for the idea of a request queue. Pet., 25. But even if such a buffer/queue were
added to operate Agarwal’s directory controller, that still would not meet the
requirements of claim 2.

88. A request queue (buffer) as in Blumrich is typically used to track
requests for a particular directory controller or cache and is not inherently a shared
structure for multiple sources. According to Blumrich, request queue 302 is
attached to each L2 slice, so it is not centralized. Ex. 1007, [0128], [0130]. Hence,
if a POSITA adopted a buffer as described by Blumrich to modify Agarwal’s
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directory controller, each tile in Agarwal would have a buffer for tracking
outstanding requests handled by that tile’s directory controller. While such a buffer
might help that tile manage its own requests (from its own core or from remote
sources directed to that tile), the buffer would still be local to each tile, there would
not be a single, unified table within a caching agent that stores pending requests
from both the plurality of cores and the 11O module, and the architecture would
remain distributed, with each tile managing its own requests.

89.  Thus, modifying Agarwal to include a per-tile buffer (even if inspired

by Blumrich) does not create a shared, unified table as required by claim 2.

4. Claim 6 Is Not Obvious in View of Agarwal

90. Claim 6 reads:

“The apparatus of claim 1, wherein the caching agent is
to receive an allocation transaction from the IIO module,
the allocation transaction received in the 1O module
from an 1O device coupled to the multicore processor.

Ex.1001, 7:64-67.
91.  An “allocation transaction,” in the context of the *228 patent, refers to
a specific type of transaction initiated by an 1O device (via the 11O module) that
causes data to be directly stored (allocated) into the shared cache memory of the
multicore processor, rather than first being written to system memory. Ex.1001,
_40 - ARM Ltd. v. Daedalus Prime
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3:45-58; Fig. 3. The “allocation transaction” is central to the *228 patent’s
approach for improving 1O performance: it allows 1O data to be placed directly in
the processor’s cache, making it quickly accessible to the processor cores, and

reducing memory bandwidth usage.

92.  The petition argues that Agarwal discloses or renders obvious this
limitation because Agarwal’s I/O module can receive requests from 1O devices and
forward these requests to the caching agent, which then allocates data in the shared

cache. Pet., 28-30.

a) Agarwal Does Not Disclose the Required Transaction Chain

93.  Agarwal describes two cases for I/O module transactions: a “memory
coherence case,” in which an I/O module writes data to main memory, and a
“cache coherence case,” in which an I/O module writes data directly into cache. In
the memory coherence case, the process is initiated from a tile (i.e., a core), the 1/O
module writes to memory, and cache lines, if present, are updated accordingly. In
the cache coherence case, the I/O module writes data into a home tile’s cache, and
other caches and memory are updated according to the coherence protocol. Ex.
1005, 28:9-32; 29:5 — 30:11. It 1s the latter, “cache coherence case” that the

petition equates to the “allocation transaction” of claim 6. Pet., 29-30.
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94. A careful reading, however, reveals that Agarwal does not disclose the
full chain of I/O device to 11O module to single caching agent required by the
claim. According to Agarwal, the I/O module (912) “includes an I/O interface 913
such as a network port . . . and circuitry 915 to enable the module 912 to process
direct memory access (DMA) transactions initiated from a tile, for example, or to
otherwise handle a transaction to write data into off-chip main memory via a
memory interface 914 (for example, into main memory location A).” Ex. 1005,
28:10-22. That is, Agarwal is directed to core-initiated DMA transactions, not
transactions initiated by external IO devices. Claim 6’s requirement that the
allocation transaction be “received in the IIO module from an 10 device coupled to
the multicore processor” is missing.

95.  Neither the petition nor Dr. Hassoun’s declaration address this gap.
Both rely on the “cache coherence case” in Agarwal, but do not explain how

Agarwal’s system handles transactions from external 10 devices.

5. Claim 11 and Its Dependent Claims Are Not Obvious in View of
Agarwal

96. Claim 11 recites a method that includes:

[11a] “receiving an allocation transaction in an

integrated input/output (II0) module ... from an 10
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device ... the allocation transaction ... a request to

directly store data ... into a shared cache memory”

[11b] “forwarding the allocation transaction to a
caching agent ... the caching agent shared by a plurality
of cores ... and the 110 module”

[11c] “directly storing the data of the allocation

transaction into the shared cache memory”
Ex. 1001, 8:12-23.

97. Similar to claim 6, “allocation transaction” semantics are baked into
claim 11°s steps. As noted above, an “allocation transaction” is a request from an
IO device, received at the 110, that is specifically for directly storing data into the
LLC, bypassing system memory. /d., 3:45-58. This is more than “a write that
ultimately causes allocation;” it’s a transaction type and dataflow the *228 patent
describes explicitly.

98.  Petitioner points to Agarwal’s example where the I/O module delivers
a write to the “home tile,” whose directory controller then does normal coherence
and can place data in the L2/L.3 cache. Pet., 32. But, as detailed above with respect
to claim 6, Agarwal does not teach an I/O-originated “allocation transaction’ in
the *228 patent sense. Petitioner treats any I/O write that ends up in cache as an

“allocation transaction,” which over-reads the term as used in the *228 patent.
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99.  Further, the “forwarding ... to a caching agent shared by a plurality of
cores and the IO module,” step [11b], is not shown in Agarwal. Even without the
“single” caching agent limitation found in claim 1, claim 11 still requires
forwarding the allocation transaction to “a caching agent” that is shared by
multiple cores and the I1O. In the ’228 patent, the 11O proxies through the CPU
caching agent—i.e., the 11O forwards the allocation transaction to that agent, which
services both CPU and 11O traffic. That’s the express dataflow in Fig. 3 and its
accompanying text. Ex. 1001, 3:45 — 4:31.

100. Petitioner’s mapping of Agarwal equates Agarwal’s distributed
directory controller and directory storage (per-tile, address-hashed “home tile”)
with the *228 patent’s “caching agent,” asserting that sending an I/O write to the
home tile counts as “forwarding ... to a caching agent” that’s “shared by a plurality
of cores and the IIO module.” Pet., 33. The problem with Petitioner’s argument is
that in Agarwal, the I/O module delivers the transaction to a home tile chosen by a
hash; the directory controller on that tile runs coherence. Agarwal does not
describe this flow as “forwarding to a caching agent” that is a shared CPU/IIO
agent; it’s just normal directory-based coherence at the home tile. By contrast, the
’228 patent teaches that 11O traffic is proxied through the CPU caching agent (a

shared CPU/IIO coherency agent), and the 110 explicitly forwards the allocation
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transaction to that agent. Ex. 1001, 3:45 — 4:31. That proxying step (and the
identity of the recipient) matters for [11b].

101. In short, Agarwal’s home-tile directory controller is not the “caching
agent” contemplated by [11b], which is shared by a plurality of cores and the 11O
module, and Agarwal never teaches the I/O “forwarding the allocation transaction”
to such a shared agent. Moreover, claim 11 requires receiving and directly storing
“the data of the allocation transaction” in a shared cache. Agarwal discusses writes
reaching the cache but never teaches an 1/O-originated “allocation transaction”

with the specific semantics and flow the *228 patent requires.

6. Claim 14 is Not Obvious in View of Agarwal

102. Claim 14 recites:

“The method of claim 12, further comprising directly
storing the data of the allocation transaction into the
shared cache memory without communicating with the

system memory.
Ex. 1001, 8:33-36.

103. The claim recites a prohibition of communicating with the system
memory at the time of the direct store. This is narrower than merely “not sending a

transaction” during later core accesses (claim 12). It speaks to the store path itself.
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The specification teaches that the invention bypasses system memory bandwidth
during this direct store and writes back to memory only upon eviction. /d., Fig. 3,
steps 330 — 350/360; 3:45 — 4:11.

104. The petition treats claim 14 as riding on earlier mapping for claims 7,
11 and 12, citing Agarwal’s “cache coherence case” (Fig. 9C) to assert that I/O
writes go “directly into the shared L3 cache.” Pet., 37. It does not identify any
explicit teaching in Agarwal that this direct write occurs “without communicating
with the system memory.” Dr. Hassoun treats claim 14 in a similar summary
fashion, cross-referencing his analysis for claims 7/11/12, but does not identify
where Agarwal affirmatively teaches the “without communicating” constraint, nor
does he provide a reasoned motivation why a POSITA would implement a
no-memory-communication store path. Ex. 1003, 99 286-288.

105. The failures of the petition and Dr. Hassoun’s declaration are not
surprising because Agarwal does not disclose “without communicating with the
system memory” at the time of the direct cache store. While Agarwal’s ProxylO
“cache coherence case” (Fig. 9C) does involve the I/O module “writ[ing] data
directly into the L2/L3 cache,” Agarwal does not say this occurs without any
communication with system memory, as claim 14 expressly requires. Citing a
“write into L3 does not equal a disclosure that it is done without communicating
with memory.
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106. Further, claim 14’s timing matters. The “without communicating”
constraint attaches to the store step, not only to later accesses. Petitioner points to
claim 12-type behavior (multiple core accesses without sending a memory
transaction) and then infers claim 14. Pet., 37. That conflates different timing
constraints. While claim 12 is concerned with subsequent core reads/writes, claim
14 is concerned with the moment of direct store of the allocation transaction’s data
into the shared cache. The petition does not identify any passage where Agarwal
affirmatively characterizes the direct I/O-to-cache write as entirely
non-communicative with system memory.

107. Finally, reliance on alternative I/O paths in Agarwal (memory-write
case vs. cache-injection case) does not cure the petition’s deficiency with respect to
claim 14. Agarwal presents two I/O paths: (1) writes to main memory and (2)
writes into cache (Fig. 9B vs. 9C). Ex. 1005, 28:10 — 29:28. The existence of a
cache-injection alternative does not establish that the cache-injection path itself is
implemented “without communicating with the system memory.” The petition
assumes that because data lands in cache, no memory communication occurs, but it
does not cite any statement in Agarwal tying the cache-injection path to the

no-communication constraint that claim 14 explicitly imposes.
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B.  Overview of Sinharoy

108. Sinharoy describes the IBM POWERT7 processor, an eight-core chip
with a three-level cache hierarchy and integrated I/O controllers. Each core has
private L1 and L2 caches, and all cores share a logically unified 32MB L3 cache,
physically implemented as eight 4MB local L3 regions, each with its own
centralized controller. The chip also includes two integrated I/O controllers,
supporting DMA cache injection, and a high-bandwidth on-chip coherence fabric
that connects all cores, caches, memory controllers, and I/O controllers. Ex. 1006,
1-2, 16-21, 22-23.

109. B. Coherency Mechanism: Peer-to-Peer Broadcast Snoop: In
POWERY, cache coherency is enforced by a broadcast-based protocol. When a
cache miss or coherence event occurs, the request is broadcast over the coherence
fabric and snooped by all relevant agents: L.2 and L3 controllers for each core, the
memory controller, and the I/O controllers. Each controller acts as an independent
peer, responding to coherence events for its own region or domain. /d., 19, 23.
There is no single, unified caching agent that manages coherency for both the
processor cores and the I/O module. Instead, each controller (L2, L3, 1/O)
maintains and enforces coherence for its own region, and the coherence fabric

arbitrates and delivers messages among them. /d.
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110. I/O Cache Injection: No Proxying Through a CPU Caching Agent:
Sinharoy describes a feature called “cache injection,” whereby an 1/O controller
can write DMA data directly into a local L3 region if that region already owns the
targeted cache line. If not, the data is written to memory. /d., 17, 22. The /O
controller initiates and manages these transactions as a full peer on the coherence
fabric; there is no teaching or suggestion that I/O requests are forwarded to or
proxied through a CPU caching agent. The I/O controller is not a portion of a CPU
caching agent, nor does any single agent perform coherency for both the cores and
the I/O module.

111. Distributed Controllers, Not a “Single Caching Agent.” While
Sinharoy’s L3 cache is physically distributed into eight regions, each with its own
controller, id., 19, these are not described as distributed portions of a single
caching agent. Rather, each L3 region controller operates independently, and the
coherence protocol is enforced collectively by all peer agents via the broadcast
fabric. Id. The architecture does not present a unified control plane or a single
agent responsible for all coherency actions for both CPU and I/O traffic. The 1/0O
controller participates as a peer, not as a subordinate or proxy of a CPU caching

agent. Id., 22-23.
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1. Sinharoy Does Not Disclose or Suggest a Single Caching Agent as
Recited in Claim 1

112. Claim 1 requires a single caching agent for a multicore processor,
implemented in a plurality of distributed portions each associated with a
corresponding core. That single caching agent performs cache coherency
operations for all the cores and an IIO module. Ex. 1001, 7:36-36.

113. As described above, a POSITA reading the *228 patent would
understand the recited caching agent as a single coherency controller that (1)
performs all cache-coherency operations for both the plurality of CPU cores and
the integrated I/O (IIO) module, (2) is physically partitioned into distributed
portions (one associated with each core/LLC slice) that together constitute that one
agent, (3) presents one uniform control plane (shared arbitration/state-tracking
resources and policies) for both CPU and I/O traffic, and (4) proxies 110
transactions through that same agent, thereby reducing the number of caching
agents in the system and reducing snoop traffic. See, e.g., id., 2:33-65
(ingress/arbiter/TOR); 2:58—65 (coherency logic “to perform cache coherency
operations on behalf of the cores and IIO module”); 3:10-11 (“a system can include
a single caching agent per multicore processor socket”); 3:4—12 (“the 11O module
proxies through the CPU caching agent to access memory or other IO devices”);
3:45 —4:4; 4:15-54 (11O allocation transactions forwarded to the caching agent,

which then directly stores into the LLC, and the agent sends “drop ownership”
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indications when needed); 6:22-29 (“while distributed caching agents are shown,
... these distributed portions form a single caching agent” that handles coherency
for the cores and the 110); 6:25-29; 1:19-30; 3:4—12 (contrasting patented
approach with “traditional” designs that treat integrated 1/O as a separate caching
agent, which doesn’t scale due to extra snoops).

114. Sinharoy’s POWER?7 architecture is fundamentally different:
Sinharoy employs multiple independent controllers (for L2, L3, and I/O), each
acting as a peer on a broadcast coherence fabric, with no single agent managing
coherency for both CPU and I/O domains. Ex. 1006, 1-2, 16-21, 22-23. Each L3
region has its own controller and resources, and each L3 region’s controller
provides its own dispatch ports and pools of machines—confirming per-region
controllers, not one agent spread across slices. /d., 19; Ex. 1003, 9 326. Coherency
1s enforced by a broadcast coherence fabric that all agents (memory controller,
L2/L3 caches, I/O controllers) snoop. Ex. 1006, 19, 23. The integrated I/O
controllers participate in the same broadcast/snoop coherence as the core-side
directory controllers and “support cache injection, which enables DMA write
traffic to be written directly into a cache, instead of to memory.” Id., 17. In other
words, the I/O is a full peer, not a subordinate portion of a CPU caching agent. It
participates in coherence on equal footing, and Sinharoy does not characterize the
I/O controller as a portion of a CPU caching agent, nor describe the CPU agent
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performing coherency for I/O. The coherence protocol is enforced collectively by
all participants, with each agent responsible for its own coherence actions.

115. The contrast can be understood by analogy: The 228 patent’s
architecture is like a single control tower managing all flights in an out of an
airport. Sinharoy’s architecture, on the other hand, involves a number of
independent towers, each responding to messages of the others.

116. This same analogy highlights why Dr. Hassoun’s position, that the set
of L2/L3 controllers acting cooperatively constitutes a “single caching agent,” is
incorrect. AS I described above, message passing via a broadcast interconnect (the
coherence fabric) does not make multiple, independent controllers one agent. The
fabric broadcasts information; but each cache region’s controller still performs
coherency operations independently. The fabric does not maintain cache-line state
for all cores/l/O.

117. Thus, Sinharoy does not disclose or suggest a single caching agent—
distributed or otherwise—that manages coherency for both CPU and I/O domains
as required by claim 1. This distinction is dispositive and underscores the

patentability of the challenged claims.
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2. Sinharoy Does Not Disclose or Suggest Distributed LLC Portions
Each Associated with a Corresponding Core, as Recited in Claim
4

118. Claim 4 requires a shared cache memory (LLC) that includes
distributed portions, each associated with a corresponding core. Ex. 1001, 7:53-56.

119. Sinharoy fails to disclose this association:

120. First, POWER7’s L3 regions are not “associated with a corresponding
core.” Sinharoy notes that the L.3 cache is divided into eight regions, but these are
not tied one-to-one to specific cores. Instead, each region has its own centralized
controller, with a core/L2 dispatch port and a lateral L3 region dispatch port (plus
dual snoop dispatch ports). Ex. 1006, 19. This is a per-region organization—not a
per-core association. The presence of a lateral ingress path means each L3 region is
architected to accept non-local requests (i.e., from other cores), /d. (“[O]perations
that miss the 4-MB local L3 region but hit in the remaining 28 MB of the L3 cache
access the cache via the snoop dispatch ports. L2 cast-out operations access the 4-
MB local L3 region via the core/L2 dispatch port, whereas lateral cast-outs access
a given 4-MB L3 region via the lateral L3 region dispatch port.”). This is
consistent with a shared (not per-core bound) LLC, and inconsistent with the
claimed per-core association; and see Fig. 10 (showing a fetch from a non-local L3

region).
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121. Second, there is no motivation to repartition POWER7’s L3 into per-
core portions. Petitioner provides no reasoned explanation or expectation of
success for modifying POWER7’s address-homed, shared L3 into a per-core
association as required by the claim. Petitioner may argue that because a 4-MB
“local” L3 region is “tightly coupled” to a core’s private L2 this implies at least a
motivation for per-core association. But proximity/latency optimization is not the
same as the association recited in Claim 4. The lateral port in each POWER 7 L3
cache region exists precisely to handle non-local accesses, showing that any core

can use any L3 region when the address maps there. Adopting the per-core
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association of Claim 4 would require eliminating this access, directly contradicting

the principle of operation articulated in Sinharoy. Such a modification is therefore

non-obvious.

122.  In my experience, in designs like POWER?7, address bits, not core

IDs, determine the “home™ L3 region. Sinharoy’s architectural elements—the
lateral region port, broadcast snoop buses, and independent region controllers—all
align with an address-homed shared cache. For example, the local L3 regions
primarily act as a victim cache for their associated L2 cache. Data evicted from a
core's private L2 cache is sent to its local L3 region. If that region is full or if the
data needs to be accessed by another core, the cache line can be routed to other L3
regions or main memory based on heuristics. /d., 19-20. Hence, any core accessing
the same physical address will be sent to the same L3 cache location. This system
allows for efficient data sharing and maintains cache coherence across cores within
the chip (and even across multiple chips in a system through high-speed SMP
links). See id., 24. This arrangement is inconsistent with claim 4’s per-core
association of LLC portions. Petitioner points to physical locality but never shows

core-based association of L3 regions as the claim demands.
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3. Sinharoy Does Not Disclose or Suggest an Allocation Transaction
Received from an IIO Module, as Recited in Claim 6

123. Claim 6 requires the caching agent receive an allocation transaction
from the IIO module. The allocation transaction is received in the IO module from
an I/O device. Ex. 1001, 7:60-64.

124. Sinharoy does not disclose this message flow:

125. In Sinharoy there is no I/O device-originated “allocation transaction”
forwarded to a caching agent. The ‘228 patent defines an allocation transaction as a
request to directly store data into the LLC (i.e., to allocate a line in the LL.C for 1/O
data), sent from the 1/O device to the 11O, and forwarded by the 11O to the caching
agent. See id., 3:45 — 4:4. Sinharoy instead describes “cache injection,” that is,
directing DMA traffic to the correct physical L3 slice based on the address-homing
function. Ex. 1006, 17. This is a controller-side optimization, not a distinct
transaction type issued by the I/O device and delivered to a coherency agent.
Further, in Sinharoy’s cache injection there is no two-hop message flow, 1/0
Device — 11O — Caching Agent, required by Claim 6. In Sinharoy, the I/O
controllers implement cache injection by writing into an L3 region when that
region already owns the line. There is no intermediate recipient that functions as a
“single” caching agent to which the 11O forwards a distinct allocation request. /d.,
17, 22-23. In other words, the IO acts as a coherent requester on the fabric,
possessing the intelligence to target the correct L3 portion directly.
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4. Sinharoy Does Not Disclose or Suggest I/O Device-Originated
Allocation, Forwarding, and Direct Storing, as Recited in Claim
11

126. Claim 11 requires (1) receiving an allocation transaction in an 1O
module from an I/O device, (2) forwarding the allocation transaction to a caching
agent shared by the cores and 11O module, and (3) directly storing the data into a
shared cache memory. Ex. 1001, 8, 11-21.

127. Sinharoy does not disclose these steps, arranged as claimed. As
discussed above with respect to Claim 6, Sinharoy does not describe a two-hop,
device-originated allocation transaction that is forwarded to a caching agent. Claim
11 defines the incoming message: an allocation transaction comprising a request to
directly store into LLC. The same allocation transaction that arrived in the 11O is
forwarded to the single caching agent. In Sinharoy’s cache injection, DMA writes
initiated by the 1/O device are direct into an L3 region (when that region already
owns the line). Ex. 1005, 17, 22-23. There is no intermediate recipient that
functions as a “single” caching agent to which the 11O forwards a distinct
allocation request. Instead, the I/O controller implements cache injection locally,

based on cache line ownership.
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C. Claims 2, 3, and 16 Are Patentable Over Sinharoy and Blumrich
1. Summary of Blumrich

128. Blumrich describes a multiprocessor system with a cache-based point
of coherence, focusing on speculative execution, transactional memory (TM), and
thread-level speculation (TLS). Ex. 1007, Abst., [0018]-[0027], [0080]-[0081],
[0092]-[0098]. The system includes:

a. Centralized Speculation Management: A central unit (L2 CENTRAL)
manages speculation IDs, tracks thread states, allocates and commits
IDs, and coordinates conflict detection and resolution across multiple
processor cores and cache slices. See id., [0077]-[0081].

b. Speculation IDs and Domains: Each speculative thread is assigned a
unique speculation ID, which tags all memory requests from that
thread. IDs are managed in domains, allowing independent groups of
threads to execute in different speculative modes (TLS, TM, rollback).
Id.

c. Cache as Point of Coherence: The L2 cache is the point of coherence
for all processors, maintaining memory consistency and handling
speculative reads and writes. Speculative writes are held in the cache
and not written to main memory until the thread is committed. /d.,

[0119] et seq.
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d. Conflict Detection and Resolution: The system maintains detailed
records of speculative reads and writes in the cache directory. Conflict
checking is performed on directory lookup, and conflicts are recorded
and signaled to the responsible processor. See, e.g., [0242]-[0243].
The system supports multiple versions of a cache line; each associated
with a different speculative writer. 1d., [0152].

e. Version Aggregation: When speculative threads are committed, the
cache aggregates multiple versions of a cache line into a single
committed version, as directed by the central command execution
unit. ID., Abst., [0232]; and see claim 16.

f. Directory-Based Coherence: The system uses directory-based
coherence, with the cache directory tracking which cores have copies
of each line and which lines have been modified speculatively. /d.,
[0121], [0125].

g. Transactional Memory and Rollback: The system supports
transactional memory, allowing atomic execution of critical sections,
and rollback mode for error recovery. The central unit manages mode
switching and ensures proper commit and invalidation of speculative

states. Id., [0183] ef seq.
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2. Claim 2 is Patentable Over Sinharoy and Blumrich

129. Claim 2 reads, “The apparatus of claim 1, wherein the caching agent
includes a table of requests to store pending requests for the plurality of cores and
the 11O module.” Ex. 1001, 7:47-49.

130. In the proposed Sinharoy-Blumrich combination, Petitioner relies on
Sinharoy for POWER?7’s L2/L3 controllers, which provide pools of “read/claim
(RC) machines,” “write machines,” and related resources; and also mentions

99 ¢¢

queues such as a “load reorder queue,” “store reorder queue,” etc., Pet., 66, but
those are core-internal (L1/L2 path), and the RC/write machines are controller
pipelines, not a unified table within the caching agent.

131. The ’228 patent identifies the table of requests (“TOR”) as ““a buffer
or other temporary storage for holding incoming requests,” with dedicated
posted-transaction capacity. Ex. 1001, 2:44-52. In the embodiment of Fig. 2,
ingress queues feed an arbiter, which then inserts incoming (core/I10) transactions
into the TOR before the LLC/controller logic acts on them. /d., 2:53-65. This is an
ingress storage element, not an execution engine. The practical upshot of this is
that Claim 2 requires a data structure that stores pending requests, i.e., a
queue/buffer at the front door of the caching agent shared by the requestors (cores
and 110).
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132. For its part, Sinharoy describes each L3 controller as having a “pool
of operational resources”—eight read machines, 24 lightweight RC (read/claim)
machines, and ten write machines, which perform the controller’s operations
(managing read hits, store misses, prefetches, writes, etc.). Ex. 1006, 19. An “RC
machine” (or “write machine”) in Sinharoy is a state machine within a cache
controller to manage sequences of cache coherence operations. That is, it is what a
controller uses to execute a transaction after it has been scheduled. RC machines
handle read requests and the process of claiming ownership of a cache line when a
read request is initiated; write machines handle write requests and manage the
process of modifying a cache line. Instead of one monolithic controller handling all
possible 13 coherence states (see Table 2, p. 17) simultaneously, the POWER7
design uses these specialized, independent “machines” to manage different
transaction types (read/claim vs. write). Importantly, these state machines are not
described as storing a population of pending transactions, and so is not the TOR
recited in claim 2.

133. In Blumrich, the L2 is the point of coherence and contains a “request
queue 302” that “buffers incoming read and write requests,” with a directory pipe
and conflict-checking for speculative/TM operation. Ex. 1007, [0128]. This is a
per-slice L2 queue, not an 1/O queue nor an L3 caching-agent structure.
Nevertheless, Petitioner argues that a POSITA would have been motivated to
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modify Sinharoy’s L3 controller to include a request queue like Blumrich’s, and
that this queue would serve as the claimed TOR. Pet., 67-68.

134. 1disagree. Blumrich’s request queue is not a table for mixed core/I1O
requests in a caching agent. Blumrich’s request queue 302 is part of the L2 slice
controller in a system where the L2 is the point of coherence. It buffers incoming
read and write requests from the processor cores and is used for speculative
execution and transactional memory management. Ex. 1007, [0128]-[0135].
Blumrich does not disclose or suggest that this queue is used to buffer or store
requests from an 11O module (i.e., from DMA or external I/O sources). Its function
1s to manage speculative and non-speculative memory requests from the processor
threads, not 1/O traffic.

135. Even if one considers Sinharoy’s L3 controller as handling both core
and IIO traffic, via cache injection, it does not disclose a unified ingress queue or
table that stores pending requests from both sources before execution. The
assertion that a POSITA would “obviously” implement Sinharoy’s L3 controller
with a request queue like Blumrich’s is one that neither reference suggests nor
motivates. Sinharoy does not suggest the need for a unified ingress queue for both
core and I1O requests at the L3 controller level. Its “pool of operational resources”
(RC/write machines) are execution resources, not ingress buffers, and are not
described as holding pending requests from both sources. Blumrich does not teach
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or suggest that its request queue is suitable for, or should be adapted to, handle
both core and IO requests in a single table at the L3 controller level. Its queue is
L2-centric and focused on speculative execution management.

136. Further even if combined, a Sinharoy-Blumrich system would not
have a TOR for both cores and an 110 module. Blumrich’s queue is not shown to
handle 11O requests and adapting it to do so would require significant architectural
changes not suggested by either reference. Moreover, modifying Sinharoy’s L3
controller to track all pending requests, including those from the I[IO module 1s not
a simple substitution. Sinharoy’s architecture does not require or suggest a single
ingress queue for both types of requests; its execution resources are provisioned to
handle requests as they arrive, and there is no disclosure of a unified pending
request table for both sources.

137. The petition’s alleged motivation to combine is based on general
principles (alleging it would be obvious to use a queue or buffer to track
outstanding requests), Pet., 67, but does not address the specific technical
challenges or architectural differences between L2 speculative request management
(Blumrich) and L3 cache injection/multisource traffic (Sinharoy). There is no
evidence that a POSITA would have reasonably expected that simply adopting a

Blumrich-like queue as part of Sinharoy’s L3 controller would result in a system
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that meets the claim—i.e., a single caching agent with a table of requests for both
cores and 110 module.

138. Thus, in my opinion, Claim 2 is not taught or suggested by Sinharoy
and Blumrich. Even when considered together as the petition proposes, Sinharoy
and Blumrich do not suggest a caching agent that includes a table of requests to
store pending requests for the plurality of cores and the IIO module. Certainly, the
combination is not expressly or implicitly disclosed, and the alleged rationale for
the combination is generic and not grounded in the specific architectures or

teachings of the references.

3. Claim 3 is Patentable Over Sinharoy and Blumrich

139. Claim 3 reads: “The apparatus of claim 2, wherein the table of
requests includes at least one dedicated entry to store a posted transaction.” Ex.
1001, 7:50-52.

140. This is an enhancement to the TOR recited in claim 2. The
specification explains that the TOR includes “at least one dedicated resource 225
for posted transactions,” i.e., an entry allocated for one-way, non-completion 1I/O
writes (“posted”)—a behavior with material architectural implications. /d., 2:49-
50. The specification emphasizes that this dedicated entry is to ensure that posted

66 - ARM Ltd. v. Daedalus Prime

IPR 2025-00207
Daedalus Ex. 2006



transactions are not blocked by non-posted requests, which is important for
deadlock avoidance and system performance. /d., 5:41-45.

141. As noted above, Sinharoy and Blumrich do not teach or render
obvious a caching agent that includes a table of requests to store pending requests
for the plurality of cores and the IO module. Furthermore, the combination of
these references does not teach or suggest the specific TOR with a dedicated entry
specifically for posted transactions (i.e., write operations that do not require a
completion/acknowledgment), as recited in Claim 3.

142. Blumrich’s request queue 302 is a general-purpose buffer for
incoming read and write requests from processor cores, used for speculative
execution and transactional memory management. Ex. 1007, [128]. Blumrich does
not disclose or suggest that any entry in the queue is “dedicated” for posted
transactions, nor does it discuss posted I/O semantics at all. All entries are
available for any type of request, and there is no mention of reserving or dedicating
an entry for a particular class of transaction (such as posted 1/0O writes).

143. Sinharoy’s “cache injection,” where a DMA write from an I1O
module may target the cache instead of memory, does not rely on or even make use
of a table of requests, let alone one with a dedicated entry for posted transactions.
Ex. 1006, 17. Sinharoy’s L3 controller uses pools of execution resources (RC/write
machines), but these are not described as a queue or table, and certainly not one
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with reserved entries for posted transactions. Indeed, there is no disclosure of a
mechanism to ensure that posted transactions always have a dedicated slot in an
RC/write machine, even if it were considered a request table.

144. In asserting obviousness, the petition conveniently overlooks these
shortcomings of the references. Further, the petition offers no specific motivation
to combine, and instead merely states the conclusion of obviousness as the premise
for same. Pet., 68-69 (arguing it would be obvious to include a dedicated write
queue because there are write transactions). The petition does not address the
specific technical challenges or architectural differences between L2 speculative
request management (Blumrich) and L3 cache injection/multisource traffic
(Sinharoy) that a POSITA would face in even attempting the proposed
combination.

145. First, the POSITA would need to make architectural changes in
Sinharoy to provide a unified ingress buffer (the TOR) within the L3 controller that
receives and temporarily stores all incoming requests from both the processor cores
and the IIO module. This buffer would have to be accessible to both types of
requestors and must precede execution by the controller’s operational resources
(RC/write machines).

146. Second, the POSITA would have to implement a data structure (e.g., a
queue or array) that can hold multiple pending requests, with metadata indicating
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the source (core or I1O), request type, and status. It would further need at least one
entry specifically reserved for posted transactions (i.e., transactions that are issued
and do not require immediate completion or acknowledgment, such as posted
writes from IIO/DMA). Neither reference describes how that would be
implemented and the petition points to no general knowledge in the art that would
fill this gap.

147. Third, the system would have to be able to identify posted transactions
(from 11O or cores) at ingress and route them to the dedicated entry in the queue.
The petition offers no direction on how a POSITA could or would modify ingress
logic to recognize posted transactions and ensure they are stored in the dedicated
entry, rather than being handled like ordinary requests.

148. Fourth, any controller and arbitration logic would require
modification. For example, the arbiter, which schedules requests for execution,
would have to be updated to read from the TOR, including the dedicated posted
transaction entry, and to prioritize or handle posted transactions according to
system policy. The POWER 7 controller’s operational resources (RC/write
machines) would have to be coordinated with the TOR so that requests are only
executed after being entered into the table, maintaining the pending status until
execution. Again, the petition offers no comments as to how this would be
accomplished.
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149. Finally, a series of additional modifications to integrate with an I/O
module and provide coordinated recordkeeping and dedicated entry guarantees
would be required. The I/O module would need to be connected to the controller’s
ingress logic so that its posted transactions are routed into the TOR, not bypassed
or handled separately. And both core and 110 requests would have to be handled in
a unified manner, with the TOR serving as the single point of entry for pending
requests. These involve more than mere firmware changes and would directly
impact the design of the hardware of the POWER7. As to recordkeeping, the TOR
would have to track the status of each request (pending, executing, completed),
especially for posted transactions which may have different completion semantics,
and the system would have to ensure that the presence of posted transactions in the
TOR is visible to other system components (e.g., for flow control, error handling,
or reporting) while still guarantying that at least one entry in the TOR was always
available/reserved for posted transactions, as required by the claim.

150. None of this is straightforward and the petition has not shown it is
within the general knowledge of a POSITA. Sinharoy’s architecture does not have
a unified ingress buffer or TOR; its execution resources are not designed to hold
pending requests from both cores and I110. Blumrich’s request queue is per-slice
and focused on speculative execution, not on posted transactions or unified
core/IIO traffic. Combining the two would require significant redesign of the
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controller’s ingress, arbitration, and request tracking logic, as well as new data
structures and coordination mechanisms. The combined teachings of the references
fails to include teachings or even suggestions as to why or how to make these
changes, and in light of such failings a general, unspecified motivation to “avoid
deadlocks or improve performance” provides an insufficient basis to conclude such
modifications would be obvious.

151. Thus, even when considered together, as the petition proposes,
Sinharoy and Blumrich do not teach or render obvious a table of requests that
includes at least one dedicated entry to store a posted transaction, as recited in

Claim 3.

4. Claim 16 is Patentable Over Sinharoy and Blumrich

152. Claim 16 recites a system with two multicore processors, one of
which includes a caching agent including a TOR with multiple entries for core or
IO pending requests, including at least one dedicated entry for a posted
transaction, plus a peripheral controller. Ex. 1001, 8:42-64. Accordingly, all of the
reasons for patentability of Claims 2 and 3 discussed above apply equally to Claim

16.
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D. Claim S is Patentable Over Sinharoy and Sistla and Claim 19 is
Patentable Over Sinharoy, Blumrich, and Sistla

153. Petitioner challenges Claim 5 of the 228 patent as being obvious in
view of a combination of Sinharoy and Sistla, US PGPUB 2008/0126750 A1 (Ex.
1008) and Claim 19 as being obvious in view of Sinharoy, Blumrich, and Sistla.
Pet., 74 et seq. These challenges rely on Sistla’s teachings regarding the use of a
ring interconnect. /d.

154. Sistla describes a system and method for aggregating core-cache
clusters in a scalable manner to produce multi-core processors. Ex. 1008, Abst.
The key architectural feature is the use of a scalability agent, which operates as an
interface between an on-die interconnect and both multiple processor cores and
memory. The scalability agent protocol enables multiple core-cache clusters to
appear as one caching agent to external devices, handles local cache coherence,
and partitions work among clusters. /d., [0018]-[0019].

155. Claim 5 reads, “The apparatus of claim 4, wherein the plurality of
distributed portions of the caching agent are coupled via a ring interconnect.” Ex.
1001, 7:57-59.

156. Claim 19 reads, “The system of claim 16, wherein the first caching
agent is a single caching agent for the first multicore processor and includes a
plurality of distributed portions each associated with a corresponding one of the
first plurality of cores, the first shared cache memory comprises a last level cache
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(LLC) including a plurality of distributed portions each associated with a
corresponding one of the first plurality of cores, and wherein the plurality of
distributed portions of the first caching agent are coupled via a ring interconnect.”
Id., 9:9-17.

157. In its challenges to Claims 5 and 19, Petitioner asserts that Sistla’s
disclosure concerning a “ring interconnect” would be an obvious feature to include
in the architecture of Sinharoy and Sinharoy-Blumrich, respectively. Pet., 75-78.
This is not so.

158. Sistla’s “ring” couples clusters, not distributed portions of a caching
agent. Ex. 1008, [0018]-[0019], [0030]. Sistla shows an on-die interconnect 320
that “is configured as a ring interconnect (but may be a 2D mesh)” to connect
core-cache clusters (310...310,). The scalability agent (SA) is associated with each
cluster and address-partitioned into separate “SAO0...SA3” units. /d., [0030],
[0034].

159. Sistla’s SA (1) issues on-die snoops, (ii) aggregates snoop responses,
and (1i1) performs address conflict checks so a socket “appears as one caching
agent” to an external interconnect. /d., [0040]. Thus, it is a
coordination/snoop-aggregation layer, not an entity “that performs cache
coherency operations for the plurality of cores and the IIO module.” In other
words, Sistla’s SA is not a “caching agent” as recited in the challenged claims.
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160. This lack of identity is confirmed by considering that for write-class
transactions the “SA only sequences the address portion” and “does not contain
any data buffers.” Id., [0065]. This underscores that Sistla’s SA is not a
cache-controlling “caching agent” as claimed.

161. Petitioner’s theory of obviousness depends on conflating Sistla’s SA
with the caching agent recited in Claims 1 and 19. The reference itself does not
support such an interpretation; hence, Petitioner’s theory collapses.

162. Claim 5 and 19 are not obvious in view of Sinharoy and Sistla, or
Sinharoy, Blumrich and Sistla, respectively, for at least these reasons.

I declare that all statements made herein of my knowledge are true, and that
all statements made on information and belief are believed to be true, and that all
these statements were 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.

Executed this 16th Day of December, 2025 in Irvine, CA.

Nader Bagherzadeh, Ph.D.

By:
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Consultant Curriculum Vitae

From: 1980 AT&T Bell Labs

To: 1984 Holmdel, NJ
Position  Member of Technical Staff, No.5 ESS Hardware/Software T1Line Interface
: Design
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1973-77 Dean's honor roll for six semesters; UT Austin
1984 Outstanding achievement award; AT&T Bell Labs
2002 Best Paper award in IEEE Transactions on VLSI Design
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2014 Khwarizmi International Award
2014 IEEE Fellow
2015 Professor of the Year for the EECS Department, UCI
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From: 2006 Tialinx
To: 2008 Newport Beach, CA
Duties: Radar DSP board design and evaluation
From: 2000 Morpho Technologies
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Date: 2024 Nixon Peabody LLP
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Date: 2024
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Date: 2023
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Kirkland & Ellis LLP

TCL Electronics Holdings Ltd. vs. Intellectual Ventures I LLC
Expert Witness for TCL; provided declarations;
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Russell Levine
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Chicago, IL 60654

Direct Dial: (312) 862 2466
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Covington & Burling LLP

Redstone Logics LLC v. Samsung Electronics Co., Ltd.

Expert Witness for Samsung Electronics Co., Ltd. Patent analysis (No
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Ali Mojibi

1999 Avenue of the Stars

Los Angeles, CA 90067-4643

(424) 332 4803

amojibi@cov.com

McKool Smith
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Daedalus v. Qualcomm Inc. and Samsung Electronics Co.
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Peter F. Snell

pfsnell@mintz.com

212 692 6850

Chrysler Center

666 Third Avenue

New York, NY 10017
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mintz.com

Caldwell Cassidy & Curry

BeSang Inc. v. Intel and/or Micron, CIVIL ACTION NO. 2:23-CV-00028-
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Expert Witness for BeSang; patent analysis only
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Contact:  Jordan Malz,
230 Park Avenue

New York, NY 10169
Direct Tel.: (212) 351-5497
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Contact:  Judge David O. Carter,
Ronald Reagan Federal Building, United States Courthouse
411 West Fourth Street, Courtroom 9D
Santa Ana, CA 92701-4516
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W. Hu, J. Bahn, and N. Bagherzadeh, “Parallel LDPC Decoding on a Network-on-Chip
Based Multiprocessor Platform,” Computer Architecture and High Performance
Computing, 2009, SBAC-PAD 09, Sao Paulo, October 2009, Pages 35-40.

A. Hatanaka and N. Bagherzadeh, “Scheduling Techniques for Multi-Core
Architectures,” Proceedings of 6" International Conference on Information
Technology: New Generations, 2009, ITNG 09, Las Vegas 2009, Pages 865-870.

W. Hu, C Chen, and N. Bagherzadeh, “A Spectral-Based Partitioning Algorithm for
Parallel LDPC Decoding on a Multiprocessor Platform,” SoC Design Conference, New
Port Beach, CA 2009, Pages 245-248.

Y. Yang, J. Bahn, S. Lee and N. Bagherzadeh, “Parallel and Pipeline Processing for
Block Cipher Algorithms on a Network-on-Chip,” Proceedings of 6" International
Conference on Information Technology: New Generations, 2009, ITNG '09, Las Vegas
2009, Pages 849-854.

S. Lee, C. Wilkerson, M. Zhang, R. Yavatkar, S. Lu, and N. Bagherzadeh, “Low Power
Adaptive Pipeline Based on Instruction Isolation,” 10th Int'l Symposium on Quality
Electronic Design ISOQED 2009, Pages 788-793.

F. Bagci, J. Wolf, T. Ungerer, and N. Bagherzadeh, “Mobile Agents for Wireless
Sensor Networks,” ICWN'09 - The 2009 International Conference on Wireless
Networks, Las Vegas, USA, July 13-16, 2009

F. Bagci, T. Ungerer, and N. Bagherzadeh, “SecSens - Security Architecture for
Wireless Sensor Networks,” Third International Conference on Sensor Technologies
and Applications, SENSORCOMM 2009, Pages 449-454.
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J. Huseynov, S. Baliga, M. Dillencourt, L. Bic, and N. Bagherzadeh, “Gas-Leak
Localization Using Distributed Ultrasonic Sensors,” Smart Sensor Phenomena,
Technology, Networks, and System, Proc. of SPIE Vol. 7293 72930Z-18, 2009.

H. Abdullah, J. Yang, N. Bagherzadeh, and K. Hussein, “Parallel Electric Field Integral
Equation Solver for Arbitrary Shaped Conducting Bodies,” Progress In
Electromagnetics Research Symposium, Beijing, China, March 23-27, 2009, Pages
1661-1666

C. Wang, W Hu, N. Bagherzadeh, and S Lee, “Area and Power-Efficient Innovative
Network-on-Chip Architecture,” 18" Euromicro International Conference on Parallel,
Distributed, and Network-Based Processing (PDP)2010, Pages 533-539.

F. Penczek, S. Herhut, S. Scholz, A Shafarenko, J, Yang, C. Chen, N. Bagherzadeh,
and C. Grelck, “Message Driven Programming with S-Net Methodology and

Performance,” 39" International Conference on Parallel Processing Workshops
(ICPPW), 2010, Pages 405-412.

A. Alhussien, C. Wang, and N. Bagherzadeh, “A Scalable Delay Insensitive
Asynchronous NoC with Adaptive Routing,” IEEE 17" International Conference on
Telecommunications (ICT) 2010, Pages 995-1002.

C. Wang, W Hu, and N. Bagherzadeh, “Congestion-Aware Network-on-Chip Router
Architecture,” 15™ CSI International Symposium on Computer Architecture and
Digital Systems (CADS) 2010, Pages 137-144.

H. Eldeeb, H. Elsadek, M. Dessokey, H. Abdullah, and N. Bagherzadeh, “High
Performance Parallel Computing for FDTD Numerical Technique in Electromagnetic
Calculations for SAR Distribution Inside Human Head,” 14" WSEAS International
Conference on Computer, July 23-25 2010, Corfu, Greece.

H. Abdullah, H. Elsadek, H. Eldeeb, and N. Bagherzadeh, “High Performance Grid
Computation of the Scattered Field Formulation for Nth Order Debye Modeling of the
General Dispersive Media,” [International Conference on Bioinformatics and
Computational Biology, BIOCOMP'l 1, July 18-21, 2011, Monte Carlo Resort, Las
Vegas, Nevada, USA.

C. Wang, W Hu, and N. Bagherzadeh, “A Wireless Network-on-Chip Design for
Multicore Platforms,” 2011 19th International Euromicro Conference on Parallel,
Distributed and Network-Based Processing, Pages 409-416

J. Yang, C. Chun, N. Bagherzadeh, and S. Lee “Load Balancing for Data-Parallel
Applications on Network-on-Chip Enabled Multi-Processor Platform,” 2011 19th
International Euromicro Conference on Parallel, Distributed and Network-Based
Processing, Pages 439-446
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Consultant Curriculum Vitae

C. Wang, W Hu, and N. Bagherzadeh, “Design and Evaluation of a High Throughput
QoS-Aware and Congestion-Aware Router Architecture for Network-on-Chip,” 2012
20th International Euromicro Conference on Parallel, Distributed and Network-Based
Processing, Pages 457-464

W. Hu, C. Wang, and N. Bagherzadeh, “Design and Analysis of a Mesh-based Wireless
Network-on-Chip,” 2012 20th International Euromicro Conference on Parallel,
Distributed and Network-Based Processing, Pages 483-490

S. Azampanah, A. Khademzadeh, N. Bagherzadeh, M. Janidarmian, and R. Shojaee
“LATEX: New Selection Policy for Adaptive Routing in Application-Specific NoC,”
PDP 2012, Pages 515-519

A. Alhussien, N. Bagherzadeh, F. Verbeek, B. van Gastel, and J. Schmaltz “A Formally
Verified Deadlock-Free Routing Function in a Fault-Tolerant NoC Architecture,”
SBCCI 2012, Pages 1-6

A. Eskandari, A. Khademzadeh, N. Bagherzadeh, and M. Janidarmian “Quality of
Service Optimization for Network-on-Chip Using Bandwidth-Constraint Mapping
Algorithm,” PDP 2013, Pages 504-508

A. Demiriz, N. Bagherzadeh, and A. Alhussien “CPNoC: On Using Constraint
Programming in Design of Network-on-Chip Architecture,” PDP 2013, Pages 486-493

A. Demiriz and N. Bagherzadeh “On Heterogeneous Network-on-Chip Design Based
on Constraint Programming,” NoCArc, MICRO 2013, Pages 29-34

J. Bahn and N. Bagherzadeh “A Generic Traffic Model for On-Chip Interconnection
Networks,” NoCArc, 2008, Pages 22-29

W. Hu and N. Bagherzadeh “DMesh: a Diagonally-Linked Mesh Network-on-Chip
Architecture,” NoCArc, 2008, Pages 14-20

P. Yaghini, A. Eghbal, and N. Bagherzadeh “A GALS Router for Asynchronous
Network-on-Chip,” MES '14 Proceedings of International Workshop on Manycore
Embedded Systems, 2014

A. Eghbal, P. Yaghini, S. Yazdi, and N. Bagherzadeh, “TSV-to-TSV Inductive
Coupling Aware Coding Scheme for 3D Network-on-Chip,” Defect and Fault
Tolerance in VLSI and Nanotechnology Systems (DFT), 2014 IEEE International
Symposium on, pp. 92-97, Oct 2014.

F. Hosseinzadeh, N. Bagherzadeh, A. Khademzadeh, M. Janidarmian, and F. Karimi,
“Improving Reliability in Application-Specific 3D Network-on-Chip,” Proceedings of
the World Congress on Engineering and Computer Science 2012 Vol I WCECS,
October 24-26, 2012, San Francisco, USA.
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R. Salamat, M. Ebrahimi, and N. Bagherzadeh, “An Adaptive, Low Restrictive and
Fault Resilient Routing Algorithm for 3D Network-on-Chip,” 2015 23rd Euromicro
International Conference on Parallel, Distributed, and Network-Based Processing,
DOI 10.1109/PDP.2015.91, pp. 392-395, 2015.

A. Eghbal, P. Yaghini, and N. Bagherzadeh, “Capacitive Coupling Mitigation for TSV-
Based 3D ICs,” 2015 IEEE 33rd VLSI Test Symposium (VTS), (2015)

M. S. Rusli, O. C. Yee, M. N. Marsono, P. Yaghini, N. Bagherzadeh, D. Patti, V. Dieei,
and M. Palesi, “An Energy Aware Transmission Control in Wireless Network-on-
Chip,” Recent Advances in Computer Science, (ISBN: 978-1-61804-297-2), pp. 24-33,
2015,

H. Elsadek, H. Eldeeb, H. Abdallah, and N. Bagherzadeh, “SAR Distribution over
whole Human Body Existed in the Field of Mobile Base Station Antenna,”
International Conference on Numerical Electromagnetic and Multiphysics Modeling
and Optimization (NEMO), 2015 IEEE MTT-S,
https://doi.org/10.1109/NEMO.2015.7415033, Ottawa, Canada

P. Yaghini, A. Eghbal, S. Yazdi, and N. Bagherzadeh “Accurate System-level TSV-to-
TSV Capacitive Coupling Fault Model for 3D-NoC,” NOCS 2015, Vancouver, BC,
Canada, DOI: http://dx.doi.org/10.1145/2786572.2786598

Q. Zhao, M. Rajaei, 1. Krivorotov, M. Nilsson, N. Bagherzadeh, and O. Boyraz
“Optical Investigation of Radiation Induced Conductivity Changes in STT-RAM
Cells,” Conference on Lasers and Electro-Optics, OSA Technical Digest (online)
(Optical Society of America 2016, DOI
https://doi.org/10.1364/CLEO_QELS.2016.FM3B.2

F. Verbeek, P. Yaghini, A. Eghbal, and N. Bagherzadeh “ADVOCAT: Automated
Deadlock Verification for On-chip Cache coherence and Interconnects,” DATE 2016,
Dresden, Germany

R. Salamat, M. Ebrahimi, N. Bagherzadeh, and F. Verbeek, “CoBRA: Low Cost
Compensation of TSV Failures in 3D-NoC,” 2016 IEEE International Symposium on
Defect and Fault Tolerance in VLSI and Nanotechnology Systems (DFT), DOI
10.1109/DFT.2016.7684081,

Z. Ghaderi, A. Algahtani, and N. Bagherzadeh, “Online Monitoring and Adaptive
Routing  for  Aging  Mitigation in  NoCs,” 2017 DATE, DOI
https://doi.org/10.23919/DATE.2017.7926960, 27-31 March 2017, Lausanne,
Switzerland
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Consultant Curriculum Vitae

M. Nilsson, 1. Krivorotov, O. Boyraz, N. Bagherzadeh, R. Ngelale, B. Adolf, J. Chen,
E. Montoya, H. Lee, C. Sha, S. Mohammadi, P. Sadri, H. Tseng, L. Wan, and E. Yang,
“Effect of Ionizing Radiation on STT-RAM Multilayers,” GOMAC 2017.

P. Sadri, M. Khan, Q. Zhao, I. Krivorotov, M. Nilsson, N. Bagherzadeh, and O. Boyraz,
“Plasmonic Detection of Possible Defects in Multilayer Nanohole Array Consisting of
Essential Materials in Simplified STT-RAM Cell,” 2017 SPIE Optics and Photonics
Conference, San Diego, CA.

A. Albagsami, M. Hosseini, and N. Bagherzadeh, “HTF-MPR: A Heterogeneous
TensorFlow Mapper Targeting Performance using Genetic Algorithms and Gradient
Boosting Regressors,” DATE (2018), 978-3-9819263-0-9/DATE18/c 2018 EDAA

M. Torabzadehkashi, S. Rezaei, V. Alves, and N. Bagherzadeh, “CompStor: An In-
Storage Computation Platform for Scalable Distributed Processing,” 2018 IEEE

International Parallel and Distributed Processing Symposium Workshops, DOI
10.1109/IPDPSW.2018.00195

L. Morales, J. Aedo, and N. Bagherzadeh, “Simulation-Based Evaluation Strategy for
Task Mapping Approaches in WNoC Platforms,” 26th Euromicro International
Conference on Parallel, Distributed, and Network-Based Processing (2018), DOI
10.1109/PDP2018.2018.00104

M. Kim, A. Del Barrio, R. Hermida, and N. Bagherzadeh, “Low-Power Implementation
of Mitchell’s Approximate Logarithmic Multiplication for Convolutional Neural
Networks,” 2018 23rd Asia and South Pacific Design Automation Conference (ASP-
DAC), DOI: 10.1109/ASPDAC.2018.8297391

H. Kim, M. Kim, A. Del Barrio, and N. Bagherzadeh, “A Cost-Efficient Iterative
Truncated Logarithmic Multiplication for Convolutional Neural Networks,” 2079
IEEE  26th  Symposium  on  Computer  Arithmetic ~ (ARITH), DOI
10.1109/ARITH.2019.00029

M. Torabzadehkashani, S. Rezaei, A. Heydarigorji, H. Bobarshad, A. Alves, and N.
Bagherzadeh, “Catalina: In-Storage Processing Acceleration for Scalable Big Data

Analytics,” 2019 27th Euromicro International Conference on Parallel, Distributed
and Network-Based Processing (PDP), DOI 10.1109/PDP.2019.00069

S. Mohammadi, M. Jasemi, S. Talebi, N. Bagherzadeh, and M. Green, “A Radiation
Hard Sense Circuit for Spin Transfer Torque Random Access Memory,” 2019 IEEE

International Symposium on Circuits and Systems (ISCAS),
DOI: 10.1109/ISCAS.2019.8702416

S. Shahhosseini, A. Albagsami, M. Jasemi, and N. Bagherzadeh, “Partition Pruning:
Parallelization-Aware Pruning for Dense Neural Networks,” 28th Euromicro
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Consultant Curriculum Vitae

International Conference on Parallel, Distributed and Network-Based Processing
(PDP), 2020, DOI 10.1109/PDP50117.2020.00052

M. Alnemari and N. Bagherzadeh, “Efficient Deep Neural Networks for Edge
Computing,” 2019 IEEFE International Conference on Edge Computing (EDGE), Best
Paper, DOI 10.1109/EDGE.2019.00014

P. Sadri, M. Wahiduzzaman, M. Shafiqul Islam, I. Krivorotov, M. Nilsson, N.
Bagherzadeh, and O. Boyraz, “Array of Symmetric Nanohole Dimers for STT-RAM
Ultrathin Layer Sensing,” CLEO 2019

Z. Ren, A. Algahtani, N. Bagherzadeh, and J. Lee, “Thermal Analysis of 3D ICs with
TSVs Placement Optimization,” Proceedings of the ASME 2019 International
Technical Conference and Exhibition on Packaging and Integration of Electronic and
Photonic Microsystems, October 7-9, 2019, Anaheim, CA

S. Sadri, M. Wahiduzzaman, M. Bayer, M. Islam, E. Montoya, 1. Krivorotov, M.
Nilsson, N. Bagherzadeh, and O. Boyraz, “Effect of Tantalum and MgO Adhesion
Layers on Plasmonic Nanostructures,” SPIE Nanoscience + Engineering, 2019, San
Diego, California.

M. Torabzadehkashi, A. Heydarigorji, S. Rezaei, H. Bobarshad, V. Alves, and N.
Bagherzadeh, ‘“Accelerating HPC Applications Using Computational Storage
Devices,” HPCC, 2019

L. Tavares, M. S. Kim, A. Del Barrio, N. Bagherzadeh, and R. Menotti, “Design of
Power-Efficient FPGA Convolutional Cores with Approximate Log Multiplier,”

European Symposium on Artificial Neural Networks, Computational Intelligence and
Machine Learning, April 2019

L. Alhubail and N. Bagherzadeh, “Power and Performance Optimal NoC Design for
CPU-GPU Architecture Using Formal Models,” DATE-19, 2019

L. Alhubail, M. Jasemi, and N. Bagherzadeh, “NoC Design Methodologies for
Heterogeneous Architecture,” 2020 28th Euromicro International Conference on
Parallel,  Distributed  and  Network-Based  Processing  (PDP), DOI
10.1109/PDP50117.2020.00052

M. Moghadam, E. Masoumi, N. Bagherzadeh, D. Ramsingh, and Z. Kain, “Supervised
Machine-Learning Algorithms in Real-time Prediction of Hypotensive Events,” 2020
42nd Annual International Conference of the IEEE Engineering in Medicine &

Biology,

M. Hosseini, M. Ebrahimi, P. Yaghini, and N. Bagherzadeh, “Application
Characterization for Near Memory Processing,” 2021 29th Euromicro International
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Conference on Parallel, Distributed and Network-Based Processing (PDP), DOI
10.1109/PDP52278.2021.00031

P. Sadri-Moshkenani, M. Wahiduzzaman Khan, Md Shafiqul Islam, D. Shi, E.
Montoya, I. Krivorotov, N. Bagherzadeh, and O. Boyraz, “Optoelectronic Readout of
STT-RAM Memory Cells Using Plasmon Drag Effect,” CLEO 2021

Y. Qiao, M. Alnemari, and N. Bagherzadeh, “A Two-Stage Efficient 3-D CNN
Framework for EEG Based Emotion Recognition,” 23rd IEEE International
Conference on Industrial Technology (ICIT 2022), August 2022.

H. Kaeley, Y. Qiao, and N. Bagherzadeh, “Support for Stock Trend Prediction Using
Transformers and Sentiment Analysis,” IISES 18" Economics and Finance
Conference, London 2023. https://doi.org/10.48550/arXiv.2305.14368

Professional Associations and Achievements

= Fellow Member, Institute of Electrical and Electronics Engineers (IEEE)
=  Member, IEEE Computer Society

Extramural Funding (over 8 million dollars)

(with Dan Gajski, Lubomir Bic, and Kane Kim), 32 node Intel hypercube, Information
and Computer Science and Engineering (CISE) Research Instrumentation - NSF,
$187,274, 1990. This equipment is shared with other co-principles to study parallelism.

(with Jack Sklansky), "Multiprocessor Architecture for Image Processing," $26,700.
A MICRO Research Proposal with Rockwell International, 1990-91.

(with Alex Nicolau), "Design of a RISC Based Multiprocessor for a Fine-Grain
Optimizing Compiler," $33,900. A MICRO Research Proposal with Northrop
Corporation, 1990-91.

(with Dan Gajski), "Design of a RISC Cluster VLSI Chip," $120,000. A Western
Digital Fellowship in VLSI Systems Engineering; support for two students for two
years at $30,000 per fellow per year (this amount includes a stipend of $18,000, tuition
and fees, $3,000 for their project, and the remainder for the use of the Electrical and
Computer Engineering Department)

(with Kevin Tsai and Jack Sklansky), "A Hypermesh Architecture for Image
Multiprocessing," $20,000. A MICRO Research Proposal with Rockwell International,
1990-1991.
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e ARMY faculty fellowship, $10,000, 1990.

e From Sony Corporation for support of advanced computer architecture design,
$30,000, Tokyo, Japan, 1990.

e NASA/ASEE faculty fellowship, $10,000, 1991.

e From NKK Corporation for support of advanced computer architecture design,
$129,000, Tokyo, Japan, 1991-92.

e "A Quantitative Performance Comparison of a VLIW and Superscalar Architectures,"
$30,000, a MICRO Research Proposal with Unitec, 1992-93.

e From Asahi Chemical for support of advanced computer architecture design, $40,000,
1993-94.

e (with Douglas Blough), Intel MICRO project for iPSC/860 list price ($265,000) plus
cash donation from the state ($15,000), 1994.

e “Software techniques for improving the efficiency of superscalar microprocessors,”
($25,000 from Unitech Research Inc), ($11,247 from UC MICRO), 1995.

e (with Fadi Kurdahi), “Digital QAM structures,” ($20,000 from SMC), ($14,288 from
UC  MICRO), 1995.

e (with Fadi Kurdahi), “Design and efficient VLSI implementation of a transceiver chip,”
($20,000 from SMC), ($11,869 from UC MICRO), 1996.

e (with Fadi Kurdahi), “A study of high-speed LAN transceiver chips,” ($20,000 from
SMCQ), ($11,824 from UC MICRO), 1997.

e (with Fadi Kurdahi), “Dynamically reprogrammable architecture: a new approach to
adaptive computing,” $1,182,000 DARPA, 1997-2000.

e (with Fadi Kurdahi), “CISE-NSF-CNPq collaboration research,” $150,000, NSF-
CNPq, 1998-2000

e (with Fadi Kurdahi), “Dynamically reprogrammable architecture: a new approach to
adaptive computing,” $280,000 DARPA Supplemental Funding, 2000-2001

e (with Pai Chou, Scott Jordan, Fadi Kurdahi, and J.L. Gaudiot-USC), “IMPAC?T:

integrated management of power aware computation and communication
technologies,” $750, 000, DARPA-ITO, 2000-2002
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e (with Fadi Kurdahi), “Synthesis of mission-specific processors,” $500,000, NSF-ITR,
2000-2003

e (with Fadi Kurdahi), “Using low power reconfigurable computing for high-speed and
wireless network appliances,” $200,000, CoRe (with Broadcom), 2000-2002

e (with Hutchinson, Kuester, Shinozuka, and Warschauer), “Expanding Engineering
Thinking: Interactive Visualization of Numerical Models”, $410,000, NSF, 2002-2005

e (with Chou), “Mission Aware Power Management,” $680, 000, DARPA PACC Phase
11, 2002-2004

e “Design and Implementation of Automatic Parallel Detection Layer,”, $24,000, NSF-
INT (Egypt), 2001-2003

e (with Faryar, Yang, and Bobrow), “ITR-Dev. of Intelligent Infrastructure For Hazard
Mitigation,” $300,000, NSF, 2002-2005.

e “Development of FDTD Accelerator for 3D Mutual Interaction Between Human Body
and Radiation From Wireless Devices,” $28,500, NSF, 2005-2008

e “Autonomic and Organic Real-time SoC Design,” €5,000, Bavaria California
Technology Center (BaCaTec), 2004-2006

e “Task Management on a Reconfigurable Architecture,” €10,200, Uuniversidad
Complutense, Madrid, 2006-2007

o “Multicore Computing,” €4,000, Bavaria California Technology Center (BaCaTec),
2008-2009

e “US-Egypt Cooperative Research: Health Hazards due to Radiation from Mobile Base
Stations,” $50,000, NSF, Office of International Science & Engineering, 2010-2012

e (with Nilsson, Miller, Detwiler, and Boyraz ), “Nuclear Science and Security
Consortium: Nuclear Engineering,” $2,500,000, NNSA, 2011-2016

e (with Li and Kurdahi), “Plug Load Energy Reporting and Display,” $49,335, California
Energy Resources Conservation and Development Commission, 2013-2014

e (with Boyraz, Krivorotov, and Nilsson), “Radiation Characterization of STT-RAM
Devices,” $1,050,000, DTRA, 2016-2018; Additional One Year; $350,000, 2020-2021

e (with Jacho Lee), “3D IC Thermal Management Based on TSV Placement
Optimization and Novel Materials,” $270,000, 2017-2020
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