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LIST OF CLAIMS

1. A multi-core processor comprising:

a first plurality of cores and a second plurality of cores that support a
same instruction set,

wherein the first plurality of cores are higher performance and consume
more power than the second plurality of cores,

and each of the second plurality of cores have a maximum operating
frequency that is less than a maximum operating frequency of each of
the first plurality of cores;

a caching layer shared by the first plurality of cores and the second
plurality of cores; and

power management hardware to enable and disable the first plurality of
cores and the second plurality of cores,

wherein an operating system that executes on the multi-core processor
1s to monitor a demand for the multi-core processor and control a core
mix of the first plurality of cores and the second plurality of cores based
on the demand with the power management hardware.

2. The multi-core processor of claim 1, wherein each of the first
plurality of cores and each of the second plurality of cores further
include a respective caching layer therein.

3. The multi-core processor of claim 2, wherein each of the first
plurality of cores includes therein a caching layer for data and a caching
layer for instructions.

4. The multi-core processor of claim 1, wherein the core mix includes a
state where some of, but not all of, the first plurality of cores and the
second plurality of cores are enabled.

[5]

5. The multi-core processor of claim 1, further comprising a system
memory interface to couple to a system memory to search for a cache

vii




line, requested by any core of the first plurality of cores and the second
plurality of cores, that is not found in the caching layer.

[6] 6. The multi-core processor of claim 1, wherein the first plurality of
cores is at least three.

[7] 7. The multi-core processor of claim 1, further comprising coherency
logic circuitry to maintain cache coherency in the caching layer shared
by the first plurality of cores and the second plurality of cores.

[8p] 8. A method comprising:

[8a] monitoring a demand for a multi-core processor by an operating system
operating on the multi-core processor,

[8b] wherein the multi-core processor comprises a first plurality of cores and
a second plurality of cores that support a same instruction set,

[8c] the first plurality of cores are higher performance and consume more
power than the second plurality of cores,

[8d] each of the second plurality of cores have a maximum operating
frequency that is less than a maximum operating frequency of each of
the first plurality of cores,

[8e] and a caching layer shared by the first plurality of cores and the second
plurality of cores; and

[81] controlling a core mix of the first plurality of cores and the second
plurality of cores based on the demand with power management
hardware of the multi-core processor.

[9] 9. The method of claim 8, wherein each of the first plurality of cores
and each of the second plurality of cores further include a respective
caching layer therein.

[10] 10. The method of claim 9, wherein each of the first plurality of cores

includes therein a caching layer for data and a caching layer for
instructions.
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[11]

11. The method of claim 8, wherein the core mix includes a state where
some of, but not all of, the first plurality of cores and the second
plurality of cores are enabled.

[12]

12. The method of claim 8, further comprising coupling a system
memory interface of the multi-core processor to a system memory to
search for a cache line, requested by any core of the first plurality of
cores and the second plurality of cores, that is not found in the caching
layer.

[13]

13. The method of claim 8, wherein the first plurality of cores is at least
three.

[14]

14. The method of claim 8, further comprising maintaining cache
coherency, by coherency logic circuitry of the multi-core processor, in
the caching layer shared by the first plurality of cores and the second
plurality of cores.

[15p]

15. A non-transitory machine readable medium containing code that
when processed by a machine causes a method to be performed, the
method comprising:

[15a]

monitoring a demand for a multi-core processor by an operating system
executing on the multi-core processor,

[15b]

wherein the multi-core processor comprises a first plurality of cores and
a second plurality of cores that support a same instruction set,

[15¢]

the first plurality of cores are higher performance and consume more
power than the second plurality of cores,

[15d]

each of the second plurality of cores have a maximum operating
frequency that is less than a maximum operating frequency of each of
the first plurality of cores,

[15€]

and a caching layer shared by the first plurality of cores and the second
plurality of cores; and
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[151]

controlling a core mix of the first plurality of cores and the second
plurality of cores based on the demand with power management
hardware of the multi-core processor.

[16]

16. The non-transitory machine readable medium of claim 15, wherein
each of the first plurality of cores and each of the second plurality of
cores further include a respective caching layer therein.

[17]

17. The non-transitory machine readable medium of claim 16, wherein
each of the first plurality of cores includes therein a caching layer for
data and a caching layer for instructions.

[18]

18. The non-transitory machine readable medium of claim 15, wherein
the core mix includes a state where some of, but not all of, the first
plurality of cores and the second plurality of cores are enabled.

[19]

19. The non-transitory machine readable medium of claim 15, further
comprising coupling a system memory interface of the multi-core
processor to a system memory to search for a cache line, requested by
any core of the first plurality of cores and the second plurality of cores,
that 1s not found in the caching layer.

[20]

20. The non-transitory machine readable medium of claim 15, wherein
the first plurality of cores is at least three.

[21]

21. The non-transitory machine readable medium of claim 15, further
comprising maintaining cache coherency, by coherency logic circuitry
of the multi-core processor, in the caching layer shared by the first
plurality of cores and the second plurality of cores.




I. INTRODUCTION

Petitioner requests inter partes review (“IPR”) of claims 1-21 of U.S. Patent

No. 10,740,281 (“the *281 patent”).

II. STANDING

Petitioner is not barred or estopped from requesting IPR of the *281 patent

and challenging the claims on the proposed grounds.

III. RELIEF REQUESTED

Petitioner requests institution of IPR under 35 U.S.C. § 311 on the following

grounds:
Ground Prior Art Basis Claims
1,2,4,6,8,9, 11, 13,
Ground 1A Sutardja and Mathieson § 103
15, 16, 18, 20
Sutardja, Mathieson, and
Ground 1B § 103 3,10, 17
Patterson-1
Sutardja, Mathieson, and
Ground 1C § 103 5,12, 19
Knebel
Ground 1D Sutardja, Mathieson, and Liu § 103 7,14, 21
1-4, 6, 8-11, 13, 15-18,
Ground 2A Mathieson and Sakarda § 103 20
Ground 2B Mathieson, Sakarda, and Liu § 103 7,14, 21
Ground 2C | Mathieson, Sakarda, and Knebel | § 103 5,12, 19




IV. THE °281 PATENT
A. Overview

The 281 patent discloses an “asymmetric performance multicore architecture
with same instruction set architecture (ISA).” EX-1001, 1:23-26. Figure 4 shows low
power (LP) cores 401 designed to be “lower performance and therefore consume
less power” than cores 402. Id., 3:58-4:3. The LP cores 401 “support[] the same

instruction set 403 as the higher power (HP) cores 402. /d.

HIGH POWER LOW POWER
CORES Cco
402 fgf(‘g)

L /

FIG. 4
Id., Fig. 4.
The °281 patent also discloses several known features of multi-core
processors. See id., 1:30-2:3, Figs. 1, 2. This includes a multicore processor 100 1

with cores (101 1 through 101 N) connected to caching layers (103 1 through



103 _N) and memory for storing instructions. /d. According to the patent, power
management schemes in the prior art include those operating on cores of “identical”

or “radically different” designs in the same processor. /d., 3:42-57.
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FIG. 1

1d., Fig. 1 (depicting prior art multi-core processors).

B.  Prosecution History

The claims of the *281 patent were allowed after the Applicant amended the
independent claims to recite “each of the second plurality of cores hav[ing] a
maximum operating frequency that is less than a maximum operating frequency of
each of the first plurality of cores” in response to an obviousness rejection. EX-1008,

43-51, 30-39, 9-25.



C.  Person of Ordinary SKkill in the Art (“POSITA”)

A POSITA at the time of the invention would have had a minimum of a
bachelor’s degree in electrical engineering, computer engineering, physics, or a
similar field, and approximately two years of industry or academic experience in a
field related to microelectronic architecture design and development, including
experience with power management techniques for multicore processors. EX-1022
49-51. Work experience can substitute for formal education and additional formal
education can substitute for work experience. /d.

V. CLAIM CONSTRUCTION

Given the similarities between the prior art and the ’281 patent, no terms
require construction to resolve this Petition. Related litigations may involve
controversies not presented here that require construction.

VI. PRIOR ART
A. Sutardja

Sutardja discloses a multi-core processing system with a lower power (“LP”)

core and a high power (“HP”) core. EX-1002 (“Sutardja”) 99221-22, Figs. 3A, 3B.
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The LP cores are “low speed, low-power,” and the HP cores are “high-speed,
high-power,” where the “transistors 106 of the HP core 24 tend to consume more
power during operation in the active state than the transistors 110 of the LP core 28.”
Id. 9212, 230. HP and LP cores include caches 26 and 30, respectively. Id. 4222,
Fig. 3A. The system switches between cores “to reduce power consumption while
still supporting processing at high speed as needed.” Id. 4 222. Both HP and LP
cores are “capable of running the same operating system and/or applications,”

including “execut[ing] instructions, states, and/or threads of each other.” /d. And “LP



core 28 may use an ISA [(instruction set architecture)] that is the same as or a subset
of the ISA of the HP core 24.” Id. 9225.

B. Mathieson

Mathieson discloses a computer system 100 with fast cores 130 and slow
cores 140, where “cores 130 are associated with higher performance and higher
leakage power than the cores 140.” EX-1003 (“Mathieson’) 920, Fig. 1. The fast and
slow cores “may implement substantially the same functionality,” or slow cores
“may be capable of a subset of the functionality of the [fast] cores.” Id. §26.
Mathieson’s designs, like Sutardja’s, decrease total power consumption, improve

parallelism, and improve system efficiency. /d. 11, 34-35, 38.
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Id., Fig. 1.



C. Patterson-1

Patterson-1 discloses techniques for storing data in caches. Its cache can be
divided into an instruction cache and a data cache. EX-1004 (“Patterson-1"), 382.
Patterson-1 explains that a data cache “cannot supply all the memory needs of the
processor: it also needs instructions,” and “[a]lthough a single cache could try to
supply both, it can be a bottleneck.” Id. Separate caches “also offer the opportunity
of optimizing each cache separately: different capacities, block sizes, and
associativities may lead to better performance.” Id.

D. Knebel

Knebel discloses a multi-core architecture with first-level L1 caches and a
shared, second-level L2 cache connected to storage 120. EX-1005 (“Knebel”) 10,
Fig. 1. A cache controller 101 searches the L1 and/or L2 caches to “locate a line
having a target address.” Id. 420. If the L1 cache “does not contain the address (a
cache ‘miss’), the core then determines whether the next-fastest cache which it may

access, the L2 cache 118.” Id. §12.



CACHE SYSTEM 100

CORE CORE CORE CORE
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| i | |
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CACHE
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STORAGE
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FIG.1
1d., Fig. 1.
E. Liu

Liu discloses methods of managing cache snoops “within a processor having
a number of processor core caches and an inclusive shared cache.” EX-1006 (“Liu”)
3, 16. Liu’s techniques reduce traffic on processor core internal buses by “reducing
the number of snoops from both external sources and other cores within a multi-core
processor.” Id. q17.

F. Sakarda

Sakarda discloses a multi-core processor system 100 with a first core
executing at a first processing rate, and a second core executing at a different rate to

conserve power. EX-1007 (“Sakarda’), Abstract, 1:26-35, 1:44-57, 2:45-63, Fig. 1.



The same “computer instructions 110” are executed “from one processor core to

another.” Id., 4:17-21, 8:57-64.
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Id., Fig. 1.

VII. Ground 1A: Sutardja and Mathieson renders obvious claims 1, 2, 4, 6,
8,9,11,13, 15,16, 18, and 20

A.  Motivation to Combine Sutardja and Mathieson

A POSITA would have found it obvious to combine Sutardja and Mathieson
by using multiple, low-power cores, as Mathieson teaches, in Sutardja’s architecture,

which already employs multiple high-power cores and at least one low-power core.



EX-1022 9959-60. Mathieson teaches a multi-core processor architecture similar to
Sutardja’s that includes multiple, low-power cores 222. See Mathieson 9925, 28.
Mathieson explains that multiple “slow” cores enable processing of complex
operations with less power, allow simpler switching of tasks from high to low power
cores, and improve parallelism and performance. Id. 4929, 34, 57; see also EX-1020
(“Carmack™) 928 (explaining “[t]he choice of the number of cores is a function of
the tradeoff between the total area duplicated versus one or more other criteria” like
the ones Mathieson identifies). A POSITA would have understood that, when applied
to Sutardja, following Mathieson’s teaching to use multiple, low-power cores would
produce similar advantages, including using less power and improving parallelism.
EX-1022 9959-60.

The modified version of Sutardja’s Figures 3A and 5, shown below, illustrates

the Sutardja-Mathieson combination:

10
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Sutardja, Fig. 3A (annotated); EX-1022 9961-62.
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A POSITA would have been motivated to apply Mathieson’s teachings to
Sutardja for several reasons.

First, Mathieson and Sutardja address similar problems, including power
consumption in mobile devices. Sutardja §94-5; Mathieson 96-7; EX-1022 963.

Second, a POSITA would have recognized that the combination would have
required nothing more than combining prior-art elements (Sutardja’s basic
architecture and Mathieson’s teaching to use multiple, low-power cores) according
to known methods (instantiating multiple, low-power cores instead of just one) to
yield predictable results (a chip with multiple, low-power cores to increase the
processing capacity at lower power, increase parallelism, and enable simpler
switching). EX-1022 964.

Third, using Mathieson’s multiple low-power cores to improve Sutardja’s
basic architecture would have required nothing more than using a known technique
to improve similar devices in the same way (by adding one or more low-power cores
to Sutardja’s architecture). /d. 65.

Fourth, prior-art teachings, such as those in Mathieson and Carmack
(discussed above), would have led a POSITA to modify Sutardja to arrive at the
claimed invention. /d. 466.

Fifth, a POSITA also would have recognized that, at times, there may be more

demand than one slow core can manage, even from applications that do not require

12



high-speed processing. Id. 467. Because slow cores consume less power than fast
cores, it would have been desirable to use an additional slow core rather than a fast
core in such circumstances to consume less power. /d.

Thus, a POSITA would have been motivated to modify Sutardja’s multicore
architecture by incorporating Mathieson’s teaching to use multiple, low-power/slow
cores. Id. 968 Duplicating Sutardja’s low-power core would not have resulted in
unexpected results. /d. Doing so thus would have been obvious. See B/E Aerospace,
Inc. v. C&D Zodiac, Inc., 962 F.3d 1373, 1379 (Fed. Cir. 2020); In re Harza, 274
F.2d 669, 774 (CCPA 1960). A POSITA would have had a reasonable expectation of
success in the combination. EX-1022 968.

B. Claim1
1. [1p] “A multi-core processor comprising:”

Sutardja-Mathieson satisfies this feature. EX-1022 969. Sutardja discloses a
processing system 20 with multiple cores, including at least one high-power core 24
and at least one low-power core 28. Sutardja 49212, 219, 221-222, 225, Figs. 3A,
3B, 5. Sutardja’s processing system 20 is therefore “a multi-core processing system”

with multiple cores. See id.
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1d., Fig. 2 (annotated).

Although Mathieson depicts a single core (“core 1) in the second set of cores
222 in Figure 2, Mathieson discloses embodiments with multiple “ ” cores (e.g.,

), id. 928-29, explaining multiple “ ” cores can process

complex operations with less power, allow simpler switching of tasks from high to
low power cores, and/or improve parallelism and performance data. See id. 929
(noting “much lower leakage power loss”), 934 (discussing “performance data”
associated with “the number of cores in the first set of cores and the number of cores
in the second set of cores, and an amount of parallelism between the cores in the
[two] set[s] of cores”), 457 (explaining ‘“operations should be processed by the
second set of cores when less power would be consumed”); EX-1022 970-72.

A POSITA would have combined Mathieson’s use multiple low-power cores
into Sutardja’s architecture for the reasons discussed in Section VILA.

2. [1a] “same instruction set,”

Sutardja-Mathieson includes ‘“a first plurality of cores and a second
plurality of cores that support 7 EX-1022 §73. As depicted
below, the combination includes a first plurality of HP cores and a second

plurality of LP cores. See [1p]; Section VILA.
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Sutardja’s high- and low-power cores use the
. See Sutardja 4225 (“The LP core 28 may use an [SA that is the

same as or a subset of the ISA of the HP core 24.”), 4219 (“executes instructions
without translation,” thereby indicating the same ISA). Although Sutardja also states
that “LP and HP cores 200 and 204 may execute ... different ISAs,” id. 9249, just
because the cores may use different ISAs does not mean they must use different
ISAs. Sutardja’s cores may also use the same I[SAs. See id. 4213 (“An instruction set
architecture (ISA) of the LP core 12 may differ from the ISA of the HP core 16. . ..
Alternately, both may use the same ISA’s.”); EX-1022 9[74-75.

Further, to the extent the ISAs may differ, Sutardja consistently teaches that
the “first [ISA] set is a superset of the second [[SA] set.” Sutardja 914, 45, 75, 106.
Thus, even in embodiments of Sutardja where the cores may use different ISAs, all
cores still would support at least the second ISA (because the first ISAs encompasses
the second ISAs). EX-1022 q76.

All cores thus “support a same instruction set,” as claimed.

3. [1b] “wherein ... first plurality of cores are higher
performance and consume more power”

Sutardja-Mathieson satisfies this feature. Sutardja explains that high-power
cores 24 are high-speed and high-power while low-power core 28 is low-speed and
low-power, so the high-power cores 24 are higher performance than the low-power

core 28. Sutardja 9211-213, 230 (“The transistors 106 of the HP core 24 tend to
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consume more power during operation in the active state than the transistors 110 of
the LP core 28.”); EX-1022 q77.

Likewise, Mathieson teaches a set of multiple fast cores 210 with higher
performance than a set of multiple slow cores 220. Mathieson 928-29. Mathieson
also teaches that, below a recommended maximum operating frequency, the slow
cores consume less power than the fast cores. /d. 431, Fig. 6. Thus, when applying
Mathieson’s teachings to Sutardja’s modified architecture, “the first plurality of
cores are higher performance and consume more power than the second plurality
of cores.” EX-1022 9977-79.

4. [1c] “each ... hav[ing] a maximum operating frequency that
is less;”

Sutardja-Mathieson satisfies “each of the second plurality of cores have
a maximum operating frequency that is less than a maximum operating
frequency of each of the first plurality of cores.” Sutardja teaches that its
high-power cores (the first plurality of cores) can operate at frequencies greater
than 1 GHz, whereas its low-power core (the second plurality of cores) operates
at frequencies less than 500 MHz. Sutardja 9234; see also id. 74 (“a first
maximum speed ... greater than a second maximum speed”), 944 (selectively

operating cores at different “maximum speed[s]”), 105 (same); EX-1022 §80.
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5. [1d] *“a [shared] caching layer”

Sutardja-Mathieson satisfies “a caching layer shared by the first plurality of
cores and the second plurality of cores.” Sutardja’s high-power and low-power
cores may share an L2 cache 206, which serves as a last-level cache (LLC) for

Sutardja’s various cores. Sutardja 9248; EX-1022 81. The L2 cache 1s highlighted

below.
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Sutardja, Fig. 5 (annotated); ; EX-1022 981.

A POSITA would have understood Sutardja’s Figure 5 describes additional
aspects of the same system as Sutardja’s Figure 3A. EX-1022 982. For instance,
Figure 3A includes a Control Module 34 “that switches cores of the multi-core

processing system.” Sutardja 4221; see also id. 192, 4228, Fig. 3A. Sutardja’s

20



Figure 5, in turn, describes additional details of an “exemplary control module with
first and second cores.” Id. §195. Although Sutardja introduces the basic functions
of the multi-core control module in the context of Figures 3A-3D, see id. 9228, 9233,
99235, 1t provides additional details about their structure and operation, including
how they may be integrated with other system components, in the context of
Figures 4-10. For instance, control module 34 of Figure 3A includes a core profile
module 120, a performance profile module 116, and an idle profile module 118. See
id. 99235-241, Fig. 3C. So does the control module of Figure 5. Specifically, it
includes a PMS module 242, which is where the core profile module, performance
profile module, idle profile module are located. See id. 9251, 9278, 9280, §9285-286,
Figs. 5, 9A-9B. A POSITA thus would have understood the multi-core control
modules of Figures 3A and Figure 5 describe the same structure. EX-1022 9982-83.
In addition to these shared features, Sutardja explains the LP and HP cores 200 and
204 in Figure 5 may “have some or all of the attributes described herein,” including
the LP and HP cores in Figure 3A, for instance. Sutardja 9248. Given these
similarities, as well as the overall organization of the Sutardja reference, a POSITA
would have understood, or at least found it obvious, to take Sutardja’s descriptions
of features in Figure 5 and to apply them in the context of Figure 3A, and vice versa.

EX-1022 9982-83.
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Mathieson also teaches fast cores 210 and slow cores 220 sharing resource
unit 230. See Mathieson 425, Fig. 2. Like Sutardja, Mathieson describes resource

unit 230 as a shared L2 cache. Id. §944-46.
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Id., Fig. 2 (annotated); EX-1022 984.

6. [1e] “power management hardware”

Sutardja-Mathieson includes “power management hardware to enable and
disable the first plurality of cores and . Sutardja
discloses a Power Management System (PMS) module 242 that manages power
consumption. Sutardja 4251. PMS module 242 can trigger a core switching module

212 to enable/disable the high-power and low-power cores. Id. 4218, 253, 271.
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The term “module” in Sutardja comprises “power management hardware,” as

claimed, to perform the functions Sutardja describes. Id. 9209; see also Mathieson

€43; EX-1022 9985-86.
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Sutardja, Fig. 5 (annotated); EX-1022 486.

7. [1f] “wherein an operating system ... to monitor a demand
... and control a core mix”

Sutardja-Mathieson satisfies “wherein that executes on
the multi-core processor is to monitor a demand for the multi-core processor and
control a core mix of the first plurality of cores and the second plurality of cores
based on the demand with the power management hardware.”

Sutardja explains that “LP and HP cores 200 and 204 may execute the same

.’ Sutardja 9249. A , which is a
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component of the OS5, manages system resources.” /d. provides
the lowest level abstraction of the resources and is coupled to resources like PMS
module 242, which manages or controls power consumption, and core profile
module 240, which is part of PMS module 242 and “may monitor system loading.”
1d. 99249, 251, Fig. 5; EX-1022 9487-88.

In Figure 9A, Sutardja discloses “an exemplary power management system
that dynamically switches cores.” Sutardja 4199. A POSITA would have understood
this power management system applies to the multi-core processor described in
Figures 3A and 5. EX-1022 989. According to Sutardja, the system of Figure 3A
“may be useful in extending battery life in mobile devices that operate on battery
power,” and Figure 9A describes “a power management system (PMS) 400 that
optimizes power consumption of [a] mobile device using dynamic core switching.”
Sutardja 9278. Sutardja’s features are thus parts of the same system in a mobile
device to conserve battery life. EX-1022 989. Further, Figure 9A shows PMS
module 402, which a POSITA would have understood to be the same as (and to
describe additional details of) PMS module 242 in Figure 5. See Sutardja, Fig. 9A,
278; EX-1022 989. PMS module 402, like PMS module 242, manages power
consumption based on various inputs, including “inputs received from the ”

Sutardja 9278; see also id. qY251-253 (PMS module 242 managing power

consumption based on “monitored system loading”).
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Sutardja further teaches that performance profile module 406 (part of PMS
module 242) “may generate outputs indicating current performance and demanded
or desired performance for applications.” Id. 4280. A POSITA would have
understood Sutardja’s “demanded or desired performance for applications” refers to
a system demand. EX-1022 990. Performance profile module 406 may “generate the
outputs partly based on inputs received from an V2 1d.

, which “may comprise a
... may report current I/O usage to the power control module
404.” Sutardja 9281.

A POSITA would have understood corresponds

to of Figure 5. See id. 4253; EX-1022 991. Because

“may report current I/O usage to the power control module
404,” Sutardja 9281, a POSITA would have understood PMS module 404, which
includes performance profile module 406, determines a demand based on inputs
from , EX-1022 991. PMS module 402 manages power
consumption based on this demand. Sutardja §278. Annotated Figure 9A (below)

highlights and PMS module 404.
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As discussed, a POSITA would have recognized that Figure 9A describes
different aspects of the same processing system (e.g., in a mobile device) described
in Figure 5. EX-1022 992. A POSITA thus would have understood PMS module 242
(see Figure 5) receives inputs describing the demand in the system from

(see Figure 9A) and manages power consumption based on that
demand. /d.; see also Sutardja 9252-255.

Additionally, a POSITA would have recognized that, via its connection to
PMS module 242, controls the core mix by enabling and
disabling high power and low power cores based on demand. See [1e]; EX-1022
993. For example, the multi-core processor may operate in a “HP mode” or “LP

mode” based on demand, where the LP and HP may be enabled or disabled, or “the
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LP core 28 . . . [may remain] in the active state during all or part of the HP mode.”
Sutardja 9223. , via the power management hardware, thus
controls the core mix by changing operating frequencies based on demand. /d. 4252.
Annotated Figure 5 below highlights kernel module 220 and its connection to PMS

module 242.
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C. Claims 2,9, 16: “cores further include a respective caching layer
therein”

Sutardja-Mathieson satisfies this feature. In Sutardja, each core has its own
L1 cache. Sutardja 99222, 234, 247-48, Figs. 3A, 5. For example, Sutardja discloses

an L.1 cache 202 for LLP core 200 and an L1 cache 206 for HP core 204. Id.
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919247-48, Fig. 5. Analogously, Sutardja discloses a cache 30 for LP core 28 and a

cache 26 for HP core 24. Id. 19222, 234, Fig. 3A; EX-1022 494.
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D. Claims 4, 11, 18: “the core mix includes a state where some of, but
not all of, the ... cores are enabled”

Sutardja-Mathieson satisfies this feature. Sutardja teaches the claimed “core
mix” because PMS module 242 enables/disables the high power and low power
cores. See supra [1f]; EX-1022 995.

Additionally, Sutardja discloses states in which some, but not all, of the cores
are enabled. According to Sutardja, while one core is active another core may be
disabled to reduce power consumption. Sutardja 99218, 223. This corresponds with
the 281 patent. For example, the *281 patent discloses its high power cores being
enabled only after all low power cores are enabled. EX-1001, 4:55-6:31, Figs. 6, 7.
The claims to do not recite, nor does the specification disclose, enabling “some of,
but not all of” each plurality of cores. Instead, Sutardja’s activating its low power
core satisfies this limitation because some but not all of the combination of cores are
enabled. EX-1022 996.

E. Claims 6, 13, 20: “the first plurality of cores is at least three”

Sutardja-Mathieson satisfies this feature. Sutardja discloses multiple,
identical high-power cores that may be used based on performance requirements.
Sutardja 99219, 248. Mathieson discloses at least three high-power cores because its
“fast” plurality of cores includes four cores. Mathieson 928, 57, Fig. 2 (four cores

212). Because Sutardja teaches multiple high-power cores and Mathieson teaches
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more than three “fast” high-power cores, a POSITA would have found it obvious to

use at least three high-power cores in the Sutardja-Mathieson system. EX-1022 9497.
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Sutardja, Fig. 5 (annotated); EX-1022 997.

A POSITA would have found it obvious to use at least three high-power cores
in Sutardja’s architecture because such an implementation would have involved no
more than combining prior-art elements (Sutardja’s multiple high-power cores and
Mathieson’s four high-power cores) according to known methods (instantiating four
cores in the device layout) to yield predictable results (improved processing
capacity/performance). EX-1022 998. Sutardja’s disclosure that multiple high-
power processors may be used to improve performance and Mathieson’s suggestion
to use four high-power cores to improve processing capacity would have led a

POSITA to modify Sutardja with Mathieson to implement Sutardja’s architecture
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using four high-power cores. /d. For instance, if demand exceeded what two high-
power cores could accommodate, it would have been obvious to use at least three
high-power cores. See Sutardja §219. Doing so would have required nothing more
than duplicating high-power cores with no unexpected results. See [1a]; EX-1022
198. A POSITA would have had a reasonable expectation of success in the

combination. EX-1022 998.

F. Claim 8
1. [8pl - [8el
Claim Element Corresponding Disclosure
Sutardja-Mathieson performs “[a] method.” The
combination switches between high-power and
[8p]
low-power cores. See Sutardja 440, 251; EX-1022
9199.
[8a] See [11]; Sutardja, Fig. 5; EX-1022 q100.
[8b] See [1a].
[8c] See [1b].
[8d] See [1c].
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[8e] See [1d].

2. [8f]

Sutardja-Mathieson satisfies this feature. See [1e], [1f].

Sutardja explains PMS module 242 can “initiate or control changes in system
operation based on the monitored system loading.” Sutardja §251. PMS module 242
controls a core mix by (i) triggering a core switching module 212 to enable or
disable the high power and cores and (i1) changing operating frequencies
based on demand. /d. 99252-253.

A POSITA would have understood Sutardja’s “monitored system loading”
refers to demand. See id. 4251; EX-1022 q4/105-107. Sutardja uses the terms “system
loading” and “demand” interchangeably, confirming that “PMS module 242 may
control switching between different operating frequencies of the LP core 200 based

on demand.” Sutardja 9252; see also Mathieson 4930-31.
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Id., Fig. 5 (annotated); EX-1022 9107.

G. Claim 15
1. [15p] — [151]

Claim Element Corresponding Disclosure

Sutardja-Mathieson satisfies this feature. See Sutardja
[15p] 9101-129, 172-185, claim 43; Mathieson §{8-10, 20,

23,79, claim 12; EX-1022 9108.

[15a] See [8a], [11].

[15b] See [8b], [1a].
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[15¢] See [8¢], [1b].

[15d] See [8d], [1c].
[15¢] See [8e], [1d].
[15f] See [81], [1f].

VIII. Ground 1B: Sutardja, Mathieson, and Patterson-1 renders obvious
claims 3, 10, and 17 — “a caching layer for data and a caching layer for
instructions”

Sutardja-Mathieson-Patterson-1 satisfies “each of the first plurality of cores
includes therein ”

Each of Sutardja’s high power cores 204/24 include an L.1 caching layer
206/26 therein. See [2]. A POSITA would have understood that this caching layer
would store data and instructions. See Sutardja 9222; EX-1022 qq115-116. A
POSITA also would have found it obvious to fabricate Sutardja’s I.1 caching layers
206/26 with , as
Patterson-1 teaches. See Patterson-1, 382 (noting “[s]eparate caches are found in
most recent processors”); EX-1014 (“Sinharoy”), 4 (describing “instruction cache
(I-cache)” and “data cache (D-cache)”), Fig. 3; EX-1022 q116.

Patterson-1 teaches dividing a processor cache into instruction and data

caches. Patterson-1, 382 (“[O]ne cache is dedicated to instructions and another to
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data”). A POSITA would have been motivated to apply this teaching to Sutardja
because Patterson-1 is a textbook that teaches students entering the field of device
architecture how to design a memory hierarchy. See id., 372 (“Memory-Hierarchy
Design”); EX-1022 99117-118. A POSITA encountering an architecture like
Sutardja’s, which is silent as to whether the .1 caching layer is divided, would have
understood to split the 1.1 caching layer into a data caching layer and an instruction
caching layer and would have been motivated to do so to speed up data access and
reduce bottlenecks, as Patterson-1 teaches. See id.; EX-1011 (“Patterson-2"), 552
(“To satisfy the demands of the pipeline without stalling, separate instruction and
data caches are used.”), 555 (explaining “many machines use a split instruction and
data cache to increase the bandwidth from the cache” to “doubl[e] the cache
bandwidth”); EX-1018 (“Arimilli”), 4:41-45 (explaining “those skilled in the art will
appreciate that each bifurcated set of L1 caches could alternatively be implemented
as a single L1 cache”). The annotated figures below, based on Sutardja’s Figures 3A

and 5, represent the Sutardja-Mathieson-Patterson-1 combination.

35



/—40

Memory
/_20 Applications.
421
—— 1
----------- al — P 422
I
i :
-¢:_‘(-—24 .  -a2-P
Cache 26 formed with ‘- Applcaton _}
. D HP Core | 1|‘ {441
caching layers for data i e -
.
and for instructions as 1 E‘*‘E}__ AR J‘“’z
taught in Patterson-1 " :
N THREADS I
{461
28
" pplication _4—45-2
[ o Application }-"
LP Core “} : :
" a1 "
e
.
I J )
Control Module 3
FIG. 3A
Sutardja, Fig. 3A (annotated); EX-1022 4118.
& e o L1 cache 202 formed
N CLf ________ s S d with caching layers for
L N COI'; ': F HP Core :: 204 data and for
H ! instructions as taught
e P 200 208—__ @U Cache | : €
L1 Cache }‘ 1P | L in Patterson-1
------ I | 3

L2 Cache

}-220

— Kernel Module
Hypervisor
Module 213
Core
swilching 212
Module

Sutardja, Fig. 5 (annotated); EX-1022 9118.
Combining Patterson-1’s divided cache into the Sutardja-Mathieson system

would have involved nothing more than combining known prior-art elements
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(Sutardja’s processing system and Patterson-1’s split L1 caches) according to known
methods (forming L1 cache layers with instruction and data layers) to yield
predictable results (caches with 1improved speed/bandwidth and reduced
bottlenecks). EX-1022 q119. It also would have involved nothing more than using
one known technique (Patterson-1’s split L1 caches) to improve similar devices
(Sutardja’s L1 caches) in the same way (by including split cache layers for data and
instructions). /d. A POSITA would have had a reasonable expectation of success in
the combination. /d.

IX. Ground 1C: Sutardja, Mathieson, and Knebel renders obvious claims 5,
12, and 19 — ““a system memory interface”

It was conventional to search a cache and then search memory if the data is
not in the cache. Sutardja-Mathieson-Knebel also expressly discloses this. EX-1022
9120. Sutardja-Mathieson-Knebel includes “a system memory interface to couple

to a system memory to search for a cache line, requested by any core of the first

plurality of cores and , that is not found in the caching
layer.”

Sutardja discloses a integrated with the cores.
Sutardja 9247, Fig. 5. is connected through a bus 205 that allows
communication between and the cores /d. A POSITA would have found

it obvious to include such an interface in Sutardja’s architecture. EX-1022

€9120-121.
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Knebel, for example, teaches the same cache architecture as Sutardja—
multiple cores with individual L1 caches and a shared L2 cache connected to a
memory. EX-1005 (“Knebel”) q910-12, Fig. 1. Knebel further describes a cache
controller 101 that searches the caches. /d., 920. Figure 1 illustrates Knebel’s cache
controller 101, L2 cache, and system memory

CACHE SYSTEM m:a\H
1

CORE CORE CORE CORE
102 104 106 108
i | i !
—{ow] [vw] [vw] (o]
S |
: CACHE [l
Il CONTROLLER |1,
: ot :- """"""""" 1
[ I I
----- | f :
[ I
————————— IE---------‘
STORAGE
120
FiG.1

Id., Fig. 1 (annotated); EX-1022 9122.

A POSITA would have recognized that a cache controller is necessary to
search Sutardja’s caches and thus would have incorporated a cache controller like
Knebel’s cache controller 101 in Sutardja’s architecture. EX-1022 q123. Applying
Knebel’s teachings to Sutardja, a POSITA would have found it obvious for Sutardja’s

to “search for a cache line, requested by any core of the
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first plurality of cores and the second plurality of cores, that is not found in the

caching layer,” as claimed. /d.

The figure below, adapted from Sutardja’s Figure 5, represents the Sutardja-

Mathieson-Knebel combination.
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Sutardja, Fig. 5 (annotated and altered above); EX-1022 q123.

Knebel teaches that, when a core requires data stored in a particular address,
it first determines whether the data is in the lowest level cache (here, the L1 cache).
Knebel q12. If the data is not in the L1 cache, the core next determines whether the
data is in the next-level cache (here, the shared .2 cache). Id. If the data is not found

there either, “the core obtains the data from the 0 1d.
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This is the fundamental, textbook operation of the interface between caches
and system memory. EX-1022 q9124-125. Applied to Sutardja’s architecture, a
POSITA would have understood that, when cache line requests sent by the high
power and low power cores are not found in the cache layers (either the L2 cache
or ), would be searched for the cache line. /d. When a request
from cores 1s not found in cache layers, the event is known as a “cache miss.” See
Patterson-2, 545; EX-1009 (“Censier & Feautrier”), 1112. The textbook way to
resolve a “cache miss” is for the memory controller to search the memory for the
missing cache information. Patterson-2, 550-51; EX-1022 9125.

Patterson-2, which teaches techniques for handling cache misses, explains that
in multi-core processors like Sutardja’s “[t]he control unit must detect a miss and
process the miss by fetching the data from memory (or a lower-level cache).” Id.,
550. To do this, Patterson-2 explains “[t]he basic approach is to stall the CPU,
freezing the contents of all the registers. A separate controller handles the cache
miss, fetching the data into the cache from memory. Once the data is present,
execution is restarted at the cycle that caused the cache miss.” Id., 551 (emphasis
added); EX-1022 9126.

A POSITA would have been motivated to apply Knebel’s techniques for
handling cache misses to Sutardja’s architecture because, in addition to Knebel’s

own teachings, Patterson-2’s textbook teachings specifically disclose to students
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entering the field of device architecture that cache misses should be handled by a
controller to fetch the data from a memory (as Knebel teaches). See Patterson-2, 550;
EX-1022 q9126-127. A POSITA encountering a cache system like Sutardja’s thus
would have applied Knebel’s teachings such that a system memory interface in
Sutardja would search for the cache line in memory in the event of a cache miss.
EX-1022 q127.

The Sutardja-Mathieson-Knebel combination would have involved nothing
more than combining prior art elements (understanding Sutardja’s memory 20
would include a memory interface that applies Knebel’s system memory interface
and technique for handling cache misses in processing systems like Sutardja’s)
according to known methods (fetching data from memory in the event of a cache
miss) to yield predictable results (a processor that handles cache misses by fetching
the data from memory). EX-1022 9128. It also would have involved no more than
using a known technique (Knebel’s system memory interface and technique for
handling cache misses in a processing system) to improve similar devices (Sutardja’s
multi-core processor) in the same way (understanding Sutardja’s memory 20 would
include a memory interface to search it in the event of a cache miss to improve the
reliability of accessing information). /d. The teaching and suggestion in the prior art
(e.g., Patterson-1’s teaching that cache misses in processors like Sutardja’s should

be handled by fetching the data from memory, as described by Knebel) also would
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have led a POSITA to combine Sutardja, Mathieson, and Knebel. /d. A POSITA
would have had a reasonable expectation of success in the combination. /d.

X.  Ground 1D: Sutardja, Mathieson, and Liu renders obvious claims 7, 14,
and 21 — “coherency logic circuitry”

Sutardja-Mathieson-Liu satisfies “coherency logic circuitry to maintain
cache coherency in the caching layer shared by the first plurality of cores and

When multiple cores share memory, as in Sutardja, maintaining cache
coherency is fundamental. See EX-1013 (“Tucker”), 19-11 (“[I]t is necessary to
maintain coherency among the caches such that any memory access is guaranteed to
return the latest version of the data in the system.” (citing EX-1009, Censier &
Feautrier)); Arimilli, 1:42-46 (explaining “it is important to maintain a coherent
memory hierarchy”); EX-1010 (“Akhiani”), 1 (“The cache-coherence protocol is a
fundamental component of any shared-memory multiprocessor design”); EX-1009,
(Censier & Feautrier), Abstract; EX-1022 99129-130.

Without maintaining cache coherency, the caches can hold inconsistent values
for the same data or instruction read from, or to be written into, a given memory
address. See, e.g., EX-1009, (Censier & Feautrier), 1113 (“A memory scheme is
coherent if the value returned on a LOAD instruction is always the value given by
the latest STORE instruction with the same address.”); EX-1022 §131. To perform

this fundamental task, coherency logic is necessary. EX-1022 9131. Because
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Sutardja-Mathieson includes a multiprocessor architecture with a shared memory, it
must maintain cache coherency in all the caches. Id.; Tucker, 19-11; Arimilli,
1:42-46; Akhiani, 1; Censier & Feautrier, Abstract. Being so critical, it would have
been obvious. EX-1022 q131.

To perform this fundamental task, a POSITA would have found it obvious to
use cache coherency logic circuitry. Id. §132. For example, a POSITA would have
recognized that a typical snooping protocol would maintain cache coherence in the
L1 caches. Id.; see, eg., EX-1012 (“Herrero”), 1 (“Cache coherence in
multiprocessors has been traditionally granted either by snoop or directory based
schemes.”). In a typical snooping protocol, “an external agent or core attempts to
retrieve data from a cache, such as a core cache, by first checking (‘snooping’) to
see if the data resides in a particular cache.” EX-1006 (“Liu”) 3. To maintain
coherence between a shared cache and the core caches, “cache line information is
maintained for each line of a shared inclusive cache.” Id. 5. To do so, “accesses
must be made to the core caches.” Id. 4; EX-1022 4132.

As the core caches are repeatedly snooped, traffic accumulates on internal
buses. See Liu 43. A POSITA would have been motivated to reduce such traffic,
because that is one of the main reasons to use a shared cache in the first place. See
id. 4 (explaining “[t]he shared cache is a prior art attempt to reduce the traffic on

internal buses”); EX-1022 q133. Thus, a POSITA would have been motivated to

43



apply the teachings of Liu and include a snoop filter in the shared L.2 cache.
EX-1022 9133. As Liu explains, a snoop filter “can reduce the snoop traffic seen by
each processor core.” Liu q18. A POSITA would have applied Liu’s use of a snoop
filter in Sutardja-Mathieson to maintain cache coherency while reducing traffic.
EX-1022 9q133. A POSITA further would have understood a snoop filter is
“coherency logic circuitry to maintain cache coherency” that would be located in the
shared caching layer. 1d.; see Liu Y4 (explaining a shared cache acts as a “filter”
cache for the core caches, and operations “must take place between the shared and
core caches to ensure shared cache coherency”).

The Sutardja-Mathieson-Liu combination would have involved nothing more
than combining prior art elements (e.g., Liu’s use of coherency logic circuitry to
maintain coherency in Sutardja’s caching architecture) according to known methods
(snoop coherency circuitry) to yield predictable results (an operational
multiprocessor device with reduced traffic to the core caches). EX-1022 9134. This
would have involved the use of known technique (using logic circuitry, as in Liu, to
maintain cache coherency in a shared-memory multiprocessor) to improve similar
devices (Sutardja’s shared-memory multiprocessor) in the same way (e.g., snoop
coherency logic circuitry, as in Liu). /d. Liu’s teaching, suggestion, and motivation
also would have led a POSITA to modify Sutardja-Mathieson to arrive at the claimed

invention. /d.
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XI. Ground 2A: Mathieson and Sakarda renders obvious claims 1-4, 6, 8-11,
13, 15-18, and 20

A. Motivation to Combine Mathieson and Sakarda

A POSITA would have found it obvious to combine Mathieson and Sakarda.
In a first combination, a POSITA would have found it obvious to incorporate the
following teachings from Sakarda into Mathieson’s architecture: (1) cores that
execute the same computer instructions; and (2) operating slow cores in a lower
frequency range than fast cores. EX-1022 9135. In a second, alternative
combination, a POSITA would have found it obvious to incorporate Mathieson’s
disclosure of multiple, low-power cores into Sakarda’s architecture. /d.

1. First Mathieson-Sakarda Combination

Mathieson teaches a CPU 102 with a first set of at least one core 220 and a
second set of at least one core 210. Mathieson, Fig. 2, 428. Although Mathieson may
not state that its cores execute the same computer instructions, Mathieson suggests
this by its cores each having “substantially the same functionality,” id. 426, and
selecting cores to “execute the processing operations” based on “supply voltage, a
temperature of each chip included in the processing complex, and an average leakage
current over a period of time of each chip,” id. 439. EX-1022 q136. A POSITA
would have found it obvious to incorporate Sakarda’s teaching to implement cores
that execute the same computer instructions. See EX-1022 9136; EX-1007

(“Sakarda™), 1:44-49, 4:17-21, 8:57-64; EX-1015 (“Fedorova”), 1 (“Using the same
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ISA on all cores means that you can run the same binary on all cores and not have to
compile your code with a different compiler for each core type.”).

A POSITA thus would have understood and recognized the advantages of
applying Sakarda’s teaching of cores that support the same instruction set when
implementing Mathieson’s architecture. EX-1022 99137-139. A POSITA would
have been motivated to combine Sakarda with Mathieson in this way because both
address similar problems in the art, including conserving power in multicore
processors with both fast cores and slow cores. See Mathieson 920; Sakarda,
1:44-49; EX-1022 99137-139. Such a combination would have involved nothing
more than combining known prior art elements (Mathieson’s multi-core processor
with cores that have substantially the same functionality and Sakarda’s use of cores
that execute the same computer instructions) according to known methods
(instantiating processor cores that support the same instruction set) to yield
predictable results (a more efficient processor with multiple cores that can execute
the same instructions to implement the same functionality). EX-1022 q9137-139.
Such combination would have resulted in a system with easier workload sharing and
more efficient core usage, also facilitating switching between cores with
substantially the same functionality. /d. A POSITA would have had a reasonable

expectation of success in this combination. /d.
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A POSITA also would have found it obvious to incorporate a second aspect
of Sakarda into Mathieson’s architecture: slow cores operating with a lower
“maximum operating frequency” than fast cores. EX-1022 q140. Like Mathieson,
Sakarda teaches multi-core processors that operate with different performance
specifications (such as processing rates) and power characteristics. Sakarda, 3:19-25.
For example, Sakarda’s slow core 104 operates at a processing rate between 30 MHz
and 100 MHz, whereas fast core 102 operates between 100 MHz and 800 MHz. /d.,
3:25-30. According to Sakarda, using these different frequency ranges reduces
power consumption. /d., 3:30-32. Sakarda thus teaches an architecture in which a
second core 104 operates within a lower frequency range than a first core 102.
EX-1022 9140. Mathieson likewise employs fast cores and slow cores to conserve
power. Mathieson, Abstract (“[T]o achieve the lowest total power consumption.”).

In view of these known teachings, a POSITA would have been motivated to
employ Sakarda’s teaching to use different frequency ranges for two sets of cores in
Mathieson’s architecture. EX-1022 9141. For example, a POSITA would have
applied Sakarda’s teachings to operate Mathieson’s slow cores in a frequency range
below Mathieson’s operating frequency threshold 610 and to operate Mathieson’s
fast cores in a frequency range above operating frequency threshold 610. Mathieson

474, Fig. 6. In this implementation, Mathieson’s cores would minimize power
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consumption. EX-1022 9141. Indeed, that is precisely what Sakarda teaches, with
the exemplary operating frequency threshold being 100 MHz. Sakarda, 3:25-30.

A POSITA would have understood the Sakarda-Mathieson combination
would have involved nothing more than combining known elements (Mathieson’s
multi-core processor, including fast cores and slow cores, and Sakarda’s technique
of only operating the slow cores at a lower frequency range than the fast cores)
according to known methods (clocking the slow and fast cores at different rates) to
yield predictable results (a multicore processor that conserves power by operating
the slow cores and fast cores at appropriate frequencies). EX-1022 9142. Such
combination would have reduced overall power consumption. /d. A POSITA would
have had a reasonable expectation of success in the combination. /d.

2. Second Mathieson-Sakarda Combination

Additionally, a POSITA would have found it obvious to modify Sakarda’s
architecture, which employs multiple high-power cores and at least one low-power
core, by applying Mathieson’s teaching to use multiple low-power cores. See
EX-1022 99143-144; Mathieson 9925, 28. For example, Mathieson explains that
multiple “slow” cores enable processing of complex operations with less power,
allow simpler switching of tasks from high to low power cores, and improve
parallelism and performance. Mathieson 9929, 34, 57; see also Carmack 928

(explaining “[t]he choice of the number of cores is a function of the tradeoff between
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the total area duplicated versus one or more other criteria” like the ones Mathieson
identifies). A POSITA thus would have recognized that applying Mathieson’s
teaching to use multiple, low-power cores would produce similar advantages as the
ones Mathieson describes when applied to Sakarda’s architecture. EX-1022
19143-144.

The figure below, adapted from Sakarda’s Figure 1, illustrates the Mathieson-
Sakarda architecture when implemented with multiple slow cores and multiple fast

COres:
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See Sakarda, Fig. 1 (annotated and altered above); EX-1022 9145.
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A POSITA would have recognized that this Mathieson-Sakarda combination
would have involved nothing more than combining known elements (Sakarda’s
multi-processor architecture and Mathieson’s teaching to use multiple low-power
cores) according to known methods (instantiating multiple low-power cores instead
of just one) to yield predictable results (a chip with multiple low-power cores).
EX-1022 q146. This would have produced desirable results by increasing the
processing capacity at lower power, increasing parallelism, and optimizing
performance and power consumption. See id.; Mathieson §933-35 (explaining how
switching between slow and fast cores based on the workload and performance
demands optimizes performance), 57 (explaining “less power would be consumed”
and describing advantages of switching between cores). A POSITA would have had
a reasonable expectation of success in the combination. EX-1022 q146.

B. Claim1
1. [1p] “A multi-core processor comprising:”

The Mathieson-Sakarda combinations include “[a] multi-core processor.” The
first combination includes a CPU 102 with a and a

second set of at least one core 210. See Mathieson, Fig. 2, 928; supra §XI1.A.1.
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cores. See Sakarda, 2:27-29, 3:2-45, Fig. 1; supra §X1.A.2.

/—100

108 118
Monitored Core
System Data Profiler
18 120
e || —F—
Drivers
Kemel I/O 126 B Policy
Control Manager
130 l 122
—
Computer Core Change System
Instructions Sequence Profile Data
110 132 124
N—
T Shared Memory
,—+— 116
Processor Processor Processor Processar Processor
Core 1 Core 2 ! Core3 Core 4 [N X ] Core n Core-Switch
! Manager
; 1 '; 1 1 134
Cache Cache Cache Cache Cache Processor
Memory Memory Memory Memory [N N ) Memory Context
136
—

See Sakarda, Fig. 1 (annotated and altered above); EX-1022 9148.

51



2. [1a] “a same instruction set,”

Both Mathieson-Sakarda combinations include “a first plurality of cores and
a that support ”
The first combination includes a first set of cores 210 and

. See Mathieson, Fig. 2, 425; supra §XI.A.1; EX-1022 q9149-150. Mathieson

explains each set of cores may include multiple cores: “N” in the first set of cores

210 and “M” in the . Mathieson 428.
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1d., Fig. 2 (annotated); EX-1022 9150.
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Mathieson suggests the first set of cores 210 and the
support a same instruction set since the two sets of cores “may implement
substantially the same functionality.” Mathieson §26; EX-1022 4151. The first
combination incorporates Sakarda’s teachings, such that Mathieson’s cores execute
the same instruction set. See supra §XI1.A.1; Sakarda, 1:44-49, 4:17-21, 8:57-64,
Fig. 1; EX-1022 q151.

In the second Mathieson-Sakarda combination, the system includes a first
plurality of cores and a second plurality of cores. See supra §XI.A.2. According to
Sakarda, those cores can be implemented “with different performance and/or power
characteristics.” Sakarda, 3:19-25. Additionally, Sakarda provides an example of a
multi-core processor that includes “three processor cores, such as two processor
cores that have a faster processing rate and a that has a slower
processor rate.” Id., 4:37-40. A POSITA would have understood the two processor
cores that have a faster processing rate are a first plurality of cores and would have
found it obvious that the third processor core is part of a
with a slower processing rate. See id.; supra §XI1.A.2; EX-1022 9152.

Sakarda’s system 100 includes n cores, Sakarda, 3:3-15, which a POSITA
would have understood to be any number of cores, including more than three.
EX-1022 9153. A POSITA would have desired two or more of Sakarda’s cores to

have the slower processor rate. Id. For example, Sakarda explains that multi-core
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processor system 106 includes “at least” one that executes the
operating system instructions at a second processing rate that is different than the
first processing rate.” Sakarda, 7:15-18. A POSITA thus would have understood
Sakarda’s multi-core processor may include more than one core that executes
instructions at a second processing rate. See supra §XI1.A.2; Mathieson 33-35, 57;
EX-1022 9153. The figure below, adapted from Sakarda’s Figure 1, represents the
second combination:
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Sakarda, Fig. 1 (altered and annotated); EX-1022 153.
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3. [1b] “wherein ... first plurality of cores are higher
performance and consume more power”

Both Mathieson-Sakarda combinations satisfy “wherein the first plurality of
cores are higher performance and consume more power than the
The first combination includes a set of “fast” cores 210 and a
. Mathieson 928. The fast cores are “associated with higher performance”

than the . 1d. §20.
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1d., Fig. 2 (annotated); EX-1022 9q154-155.
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Mathieson explains the fast cores consume more power than the
Specifically, the frequency of the should be less than the frequency of the
fast cores, such that consume less power than fast cores. Mathieson,
Fig. 6, 9972-75, 9929-32. Mathieson further explains the fast cores are associated
with “higher leakage power” than the . 1d. 920. A POSITA would have
understood that, because the fast cores have a higher leakage power, their power
consumption tends to increase. Id. 473 (“[T]he lower total power associated with
operating the processing complex at lower frequencies using the 1s based
on the lower leakage power associated with the 7); EX-1022 q9156-157.

In Figure 6, Mathieson depicts a transition frequency 610 above which slow
cores consume more power than fast cores. Mathieson, Fig. 6 (annotated below),
q[74. Mathieson teaches to avoid such a scenario, explaining CPU 102 will switch
from using fast cores to using slow cores when doing so would use less power. /d.

9930-31 (“second mode.”), 475 (“achieve[] lower power consumption.”).
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1d., Fig. 6 (annotated); EX-1022 4158.

“[T]he determination of which type of cores to use when executing the
processing operations may be based on operating frequency, as shown in Fig. 6.”
Mathieson §75; see also id. 432 (explaining “the processing parameter may be a
processing frequency”). As Figure 6 demonstrates, consume less power
than the fast cores below threshold 610. Id. q74. Based on Mathieson’s CPU
configuration, a POSITA would have understood Mathieson’s operate at
frequencies that consume less power than fast cores. EX-1022 4159. A POSITA
thus would have understood that Mathieson’s consume less power than
its fast cores. Id.; see Mathieson 931, 73-75, Fig. 6.

A POSITA would have found it obvious—whether based on these teachings

in Mathieson teachings alone or in combination with Sakarda—to operate
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Mathieson’s at a lower power than its fast cores in the first Mathieson-
Sakarda combination. EX-1022 q160.

In the second combination, Sakarda’s multi-core processor system 100 “can
be implemented with different performance and/or power characteristics.” Sakarda,
3:19-21; see also id., 3:3-12, Fig. 1. For example, one processor core executes
computer instructions 110 ““at a first processing rate,” and another
executes instructions 110 “at a second processing rate that is different than the first
processing rate.” Id., 3:21-25. In one example, Sakarda discloses “three processor
cores, such as two processor cores that have a faster processing rate and

7 1d., 4:37-40. And a POSITA
would have found it obvious to implement two or more such low-power cores in
Sakarda’s architecture, as Mathieson teaches. See; supra §XI.A.2; Mathieson 9925,
28, 33-35, 57; EX-1022 q161.

Sakarda teaches n cores, including more than three. Sakarda, 3:2-17, Fig. 1;
EX-1022 q162. A POSITA would have implemented at least one of these cores at a
slower processor rate. See Sakarda, 7:15-18 (explaining “multi-core processor 106
includes at least the second processor core 104 that executes the operating system
instructions at a second processing rate that is different than the first processing
rate”); EX-1022 4162. Since the processor includes “at least” one core that executes

the instructions at a second processing rate, it may include more than one core that
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executes the instructions at a second processing rate. See supra §X1.A.2; EX-1022
9162. For example, Mathieson teaches to use multiple (a

). EX-1022 9162. According to Mathieson, that
may process operations using less power, improve parallelism, and optimize
performance and power consumption. See Mathieson 33-35, 57.

4. [1c] “each ... hav[ing] a maximum operating frequency that
is less”

In both Mathieson-Sakarda combinations, “each of the

have a maximum operating frequency that is less than a maximum
operating frequency of each of the first plurality of cores.”

Mathieson explains that the first set of cores and the each
has an operating frequency range. Mathieson 434, claim 4. According to Mathieson,
the are “constructed from slower transistors that are not capable of
operating as quickly as the transistors includes in the cores 212.” Id. 929.
Accordingly, a POSITA would have understood the have a lower
maximum operating frequency than the maximum operating frequency of the
fast cores. EX-1022 q9163-164.

A POSITA also would have found it obvious to operate Mathieson’s

at a lower maximum operating frequency than its fast cores based on
Mathieson’s teachings (see Mathieson 474, Fig. 6) and/or Sakarda’s teachings.

EX-1022 9165. In Sakarda’s architecture, a operates within a lower
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frequency range (between 30 MHz and 100 MHz) than a first core (between
100 MHz and 800 MHz). Sakarda, 3:25-30. According to Sakarda, using these
different frequency ranges reduces power consumption. /d., 3:30-32 (conserving
power when computer instructions 110 “are executed at the slower processing rate
on processor core 104.”), 2:53-55 (same). This accords with Mathieson’s teachings,
which likewise employs fast cores and to conserve power. See, e.g.,
Mathieson, Abstract (“achieve the lowest total power consumption”); EX-1022
q165.
As explained above, Mathieson’s architecture consumes less power when the
are operated in a lower frequency range than the fast cores, with a
maximum frequency 610. See supra §§XI.A, [1a], [1b]; Mathieson 431, 73-75,
Fig. 6. Accordingly, a POSITA would have been motivated to operate Mathieson’s
slow cores at a lower maximum frequency than its fast cores to conserve power.
EX-1022 9166. For example, a POSITA would have found it obvious to operate
at a lower frequency than the high-power cores (path
606)—namely, below an “operating frequency threshold 610”—in both

combinations. Mathieson, 74, Fig. 6; see also Sakarda, 3:25-30; supra §XI.A.
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Mathieson, Fig. 6 (annotated); EX-1022 q166.

5. [1d] *“a [shared] caching layer”

Both Mathieson-Sakarda combinations include “a caching layer shared by
the first plurality of cores and the . In the first
combination, Mathieson’s first set of cores and may share an

.2 cache 230. See Mathieson 945, Fig. 2.

61



212 212
\-H‘

DATA -
214
i Y e - i AR
CONTROLLER I| RESOURCE |l
240 I UNIT |
- . 230
. iy
| Sprep— p——
' e 220
— -] ‘ CORE
1 *

DATA
224

e e

CPU
102

FIG. 2

1d., Fig. 2 (annotated); EX-1022 9167.

In the second combination, Sakarda discloses a shared caching layer. For
example, Sakarda teaches that a “shared memory 116 (also referred to as .2 cache
memory in a multi-core processor system) is accessible to both processor core 102
and .7 Sakarda, 3:42-45. The figure below, adapted from

Sakarda’s Figure 1, shows that shared memory 116 is accessible to all cores.
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See id., Fig. 1 (annotated and altered above); EX-1022 9168.

6. [1e] “power management hardware”

Both Mathieson-Sakarda combinations include “power management

hardware to enable and disable the first plurality of cores and the

In the first combination, Mathieson’s CPU 102 includes controller 240.
Mathieson 430, Fig. 2; EX-1022 q9169-170. The controller “triggers a hardware
mechanism that stops and powers off the first set of cores 210.” Mathieson 943
(emphasis added); see also id. 43 (“The present invention relates generally to

computer hardware and, more specifically, to a system and method for power
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optimization.”), 479 (“[A]spects of the present invention may be implemented in

hardware or software or in a combination of hardware and software.”).

== = = = = — - I
I 212 212 M210|
CORE CORE
| 1 2 |
If 212 212 |
| CORE CORE |
3 4
| I
| I
- DATA -
| 214 |
— ] — - LT—m D Y
RESOURCE
|CDNT2F;%)LLER | el il
240 230
L == LT_—_ 4
| 22\2 e 220
L ] CORE \ —|
1
DATA
224

CPU

FIG. 2

1d., Fig. 2 (annotated); EX-1022 9170.

Controller 240 can cause the system to switch operating modes and
enable/disable cores. Mathieson §30. For example, in a first mode the first set of
cores is enabled and the is disabled. /d. q930-31. When the
controller 240 causes CPU 102 to switch to a second mode, it disables the first set

of cores and enables the .1d.; EX-1022 q171.
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In the second Mathieson-Sakarda combination, Sakarda’s power manager
118 includes hardware to “determine when to switch processor cores to execute the
computer instructions 110 based on performance needs and the processing load.”
Sakarda, 4:1-4; see also id., 6:50-62. A POSITA would have understood
“performance needs” refers to system demand. EX-1022 q172. Power manager 118
thus enables/disables cores based on demand. /d. Further, power manager 118
“monitor[s] and implement[s] a system performance and power policy for a multi-
core processor system.” Sakarda, 4:34-36. The following table provides an

exemplary system performance and power policy.

Performance Policy

Memaory State of Processor  Processor Processor
IPC DMIFS  Suatistics Svstem Core 1 Core 2 Corz 3
TRC =< 0.5 (1-300) Data Cache Memory Diigahled  Disabled Enabled
Misses = 10%  Hound
IPC =05 5001000 Data Cache Memory Enabled  Dhsabled  Dhisabled
Misses = 10%  Bound
IRC =05 500-1000 Daka Cache CPL Bound Enabled Disabled  Dhzabled

Musses < 10%
TPC = 100 1000-2000 Dt Cache Memory sl Enabled Enabled  Dispbled
Misses = 10%  CPL Bound
IBC < 0.5 (=300 Drata Cache Low MIPS Disabled  Dhsabled  Enabled
Misses < 10%  Active and
il

ld., 4:46-63.
The figure below, adapted from Sakarda’s Figure 1, illustrates how cores are
enabled/disabled based on the system performance and power policy implemented

by power manager 118.
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See id., Fig. 1 (annotated and altered above); EX-1022 q173.

7. [1f] “wherein an operating system ... to monitor a demand

... and control a core mix”

Both Mathieson-Sakarda combinations satisfy “wherein an
that executes on the multi-core processor is to monitor a demand for the multi-core
processor and control a core mix of the first plurality of cores and the
based on the demand with the power management hardware.”
In the first combination, Mathieson explains “[t]he transition from the first
mode to the second mode, and vice versa, can be done transparently to high-level
software, such as the .” Mathieson 943. A POSITA thus would
executes on Mathieson’s multi-core CPU 102.

have understood an

EX-1022 99174-175.
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Mathieson, Fig. 2 (annotated); EX-1022 q175.

Mathieson further discloses a controller 240, included in CPU 102, that
evaluates a workload. Mathieson q930-31. A POSITA would have understood
Mathieson’s workload refers to demand. EX-1022 q176. According to Mathieson,
CPU 102 may execute controller 240, see Mathieson 9§30, which means an

running on CPU 102 operates controller 240, EX-1022 176.

! As a matter of basic knowledge in the art, a computer operating system executes

and manages hardware. See, e.g., EX-1016 (“Naghibzadeh™), 1, xiii.
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Accordingly, a POSITA would have understood Mathieson’s controller 240 is
executed by an running on CPU 102. /d.

Additionally, Mathieson discloses power management hardware that, by
enabling/disabling cores or increasing/decreasing their operating frequencies,
controls a “core mix” based on demand. See supra [le]; Mathieson 9943, 30-31;
EX-1022 q177. Indeed, Mathieson discloses switching between its first mode and
second mode, and embodiments in which both sets of cores are operated and “the
CPU 102 may operate in both the first mode and the second mode simultaneously,”
including during a “transition period” between modes. Mathieson §31; EX-1022
q177.

In the second combination, Sakarda describes an . See
Sakarda, Fig. 1. A “core profiler 120 can receive monitored system data 128 from
the , such as current processing performance requirements for
a processing load.” 1d., 4:21-24. Core profiler 120 is part of power manager 118.
Id., 3:64, Fig. 1. A POSITA thus would have understood
monitors a demand and outputs it to power manager 118. EX-1022 4178. And
power manager 118 controls a core mix based on demand, as described above. See
[1e]; Sakarda, 4:1-4,4:34-36, 4:46-63. A POSITA thus would have understood that,
by outputting demand to power manager 118, controls the

core mix using power management hardware. EX-1022 9178.
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See Sakarda, Fig. 1 (annotated and altered above); EX-1022 9178.

C. Claim 2,9, 16: “cores further include a respective caching layer
therein”

In the first combination, Mathieson explains both the first set and the

of cores have an associated cache. Mathieson 945. Although Mathieson

may not explicitly state that each individual core has a respective caching layer
therein, a POSITA would have found it obvious to include such a caching layer, as

was almost universally the case in multi-processor architectures. EX-1022 179.
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Mathieson, Fig. 2 (annotated); EX-1022 q179.

Mathieson discloses examples in which either the first or second set of cores
is only one core. Mathieson 928. In those examples, at least one core has its own
private cache. EX-1022 9180. But, more generally, a POSITA would have
understood each core should have its own L1 cache, as was overwhelmingly the case
in the field of multi-processor architectures at the time (and still today). /d. Sakarda,
for example, discloses an L.1 cache associated with each individual core. Sakarda,
3:38-42. A POSITA would have understood associating a private L1 cache with each
core allows faster execution speeds by keeping the relevant data as close as possible

to the relevant core, thereby reducing latency. EX-1022 9180; see EX-1017
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(“Handy”), 90. Because the L1 cache is the fastest and smallest memory level, the
L1 cache stores program instructions and data used repeatedly or that the core is
likely to need next. EX-1022 9180; see, e.g., Knebel §11. Associating an L1 cache
with each individual core in Mathieson’s architecture would have improved
performance and reduced latencies. EX-1022 9180. That is why associating an L1
cache with each core was so ubiquitous. See, e.g., Patterson-1, 638 (noting such a
design “is currently by far the most popular organization”), Figs. 8.1, 8.2, Knebel,
Fig. 1, 910, EX-1019 (“Lee”), Fig. 1, 923. A POSITA would have found it obvious
to implement Mathieson in this manner because it would have involved nothing
more than combining prior art elements (Mathieson’s L1 caches and the prior art’s
teaching (e.g., Sakarda et al.) to use a private L1 cache with each core) according to
known methods to yield predictable results. EX-1022 9180. A POSITA would have
been motivated to do so to achieve faster operation and lower latencies in
Mathieson’s architecture and would have had a reasonable expectation of success in
the combination. /d.

In the second combination, each of Sakarda’s processor cores has “an
associated instruction cache and cache memory (also referred to as L1 cache
memory), such as cache memory 112 that is associated with processor core 102 and
cache memory 114 that is associated with processor core 104. Sakarda, 3:38-42,

Fig. 1.
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1d., Fig. 1 (excerpted); EX-1022 q181.

D. Claims 3, 10, 17: “the first plurality of cores includes therein a

caching layer for data and a caching layer for instructions”

A POSITA would have found it obvious to provide each individual core in
Mathieson’s architecture with its own private L1 cache as Sakarda instructs. See
supra §XI.C. Sakarda further teaches that “[e]ach processor core can have an
associated instruction cache and cache memory (also referred to as L1 cache
memory).” Sakarda, 3:38-40. A POSITA would have understood L1 caches are
commonly split into instruction data caches. See, e.g., Patterson-1, 382; Sinharoy, 4,
Fig. 3; Arimilli, 4:41-45. When Sakarda discloses an associated instruction cache
and cache memory, a POSITA would have understood Sakarda’s cache memory to
be a data cache and not a redundant instruction cache, such that Sakarda’s L1 cache

is split into an instruction cache and data cache. EX-1022 9[182.
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Splitting private L1 caches into separate instruction and data cache layers
would have been obvious, because it was textbook. EX-1022 9183. Patterson-1, for
instance, teaches that caches may be divided into instruction and data cache layers.
Patterson-1, 372, 382. The benefits of doing so include speeding up data access and
reducing bottlenecks. /Id., 382. Another textbook teaching “The Basics of Caches”
teaches that splitting the L1 cache into separate data and instruction cache layers
improves the overall cache bandwidth by allowing the core to process both data and
instructions on each clock cycle. Patterson-2, 545, 552, 555.

A POSITA thus would have been motivated to incorporate a split cache like
the one Sakarda describes into Mathieson’s architecture to achieve the benefits
described by Patterson-1 and Patterson-2. EX-1022 4184. A POSITA further would
have recognized that combining Mathieson’s architecture with Sakarda’s split L1
cache would have involved nothing more than combining prior art elements
according to known methods to yield predictable results (e.g., a cache with improved
speed/bandwidth and reduced bottlenecks). Id. A POSITA would have had a
reasonable expectation of success in the combination. /d.

In the second combination, each of Sakarda’s cores has “an associated
instruction cache and cache memory (also referred to as L1 cache memory),”
Sakarda, 3:38-40, and such L1 caches were commonly split into instruction and data

caches. E.g., Patterson-1, 382; Sinharoy, 4, Fig. 3. When Sakarda discloses an
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associated instruction cache and cache memory, a POSITA would have understood
the cache memory to be a data cache and not a redundant instruction cache. EX-1022
q185.

E. Claims 4, 11, 18: “the core mix includes a state where some of, but
not all of, the ... cores are enabled”

Both Mathieson-Sakarda combinations satisfy this feature. In the first
combination, Mathieson’s controller 240 controls enablement of the fast and
cores, and power manager 118 controls the switching between fast and slow cores
based on demand. See [1e], [1f]; Mathieson 943, 30-31; EX-1022 4[186.

In the second combination, Sakarda discloses a table of states in which at least
one of three cores is enabled and at least one core is disabled. Sakarda, 4:36-63. This
specific example involves “two processor cores that have a faster processing rate
and a 2 1d., 4:37-40. As
explained previously, a POSITA would have found it obvious for Sakarda’s system
to use multiple cores with a slower processing rate, rather than just one as in this
example. See supra §XI1.A.1, [1a]; EX-1022 4187. In doing so, a POSITA would
have found it obvious to include additional system states in which the are
operated in a manner analogous to the fast cores in the table below, resulting in at
least one state where some of, but not all, of the and fast cores are

enabled. EX-1022 9187.
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Performance Policy

Memory State of Processor Processor  I'rocessor
IMC DMIPS  Swabistics Syslem Core 1 Care 2 Core 3
IMC < 0.5 {-500 Data Cache Memary Digahled  Diszhled Enabled
Misses = 10%  Bound
IPC < 0,5 500-1000 Data Cache Memorny Enabled  Disabled  Disabled

Misses = 10%  Bound

IPC =05 500-1000 Data Cache CPL Bound Enabled Ihsabled  [usabled
Misses < 0%

IPC = L0 1000- 2000 Data Cache Memory and Enabled Enabled Dhgabled
Misses = 10% CPL Bound

IMC = (.5 (=500 Data Cache Low MIPS Disabled Disabled Fnabled
Misses < 10%  Actve and

[dle

Sakarda, 4:36-63 (annotated); EX-1022 q187.

F. Claims 6, 13, 20: “the first plurality of cores is at least three”

In the first combination, Mathieson’s first set of cores 210 includes N cores,
Mathieson 928, which include at least three. EX-1022 9q188. Mathieson also
discloses embodiments with the first set of cores 210 having four cores, which is at
least three. Mathieson 428, Fig. 2.

In the second combination, Sakarda’s system includes » cores. Sakarda, 3:3-8,
3:19-21 Fig. 1. A POSITA would have understood the processor could include any
number of cores, including any number of cores—such as three or more—with a
faster processing rate. EX-1022 9189. A POSITA also would have found it obvious
to use three or more fast cores in Sakarda’s architecture based on Mathieson’s

teachings. Id. Because Sakarda teaches using multiple fast cores and Mathieson
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teaches four fast cores, a POSITA would have found it obvious to use three or more
fast cores in Sakarda’s architecture. /d.

A POSITA would have understood including multiple fast and slow cores
improves system performance by allowing the CPU “to achieve the optimal
performance-per-watt ratio” based on how it is operated. Fedorova, 3; EX-1022
9190. A POSITA also would have understood it was common at the time to use three
or more fast cores. See Sutardja 9219, 248; Mathieson 428, Fig. 2; EX-1022 9190.
A POSITA thus would have understood using additional fast cores was a known way
to increase the capability of a processor to meet higher demands while improving
power management of the CPU. Carmack 923; EX-1021 (“Variable SMP”), 12
(“[M]ore cores are better for power management” because they can “run at a lower
frequency, and hence lower voltage.”); EX-1022 q190. At least three fast cores
would accommodate increased demands that exceed what two fast cores could
accommodate on their own. See Sutardja 4219 (when demand exceeds “that provided
by one HP core, multiple HP cores may be used.”). Using at least three cores thus
would have allowed the system to better manage power consumption and process
more demanding workloads. Because Sakarda’s architecture is compatible with
“multiple processor cores 1, 2, ... n,” Sakarda, 3:3-8, and because using three or more
fast cores was common, a POSITA would have reasonably expected to succeed in

this arrangement, which would have required mere duplication of high-power cores
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with no unexpected results. EX-1022 94190. Accordingly, it would have been
obvious. See B/E Aerospace, 962 F.3d at 1379; Harza, 274 F.2d at 774.

G. Claim8
1. [8p]
Mathieson discloses a method. Mathieson, Title, 493, 8, 54-57, Fig. 4. So does
Sakarda. Sakarda, 2:33-35, 7:4-8:3, Fig. 3. Each combination performs such a

method. EX-1022 §191.

2. [8a]
For the first combination, Mathieson discloses transitioning modes using

29

“high level software, such as the executing on multicore

CPU 102, as indicated below. See Mathieson 443; EX-1022 §192.
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Id., Fig. 2 (annotated); EX-1022 q192.
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Mathieson discloses “evaluating ... a workload associated with processing ...
one or more operations” to determine whether they should be processed by a second
set of cores and, if so, “causing the ... operations to be processed by the second set
of cores.” Id. 8. To do this, controller 240 evaluates and detects the workload,
another term for demand. See id. 930-31; EX-1022 q193.

A computer’s executes and manages hardware.
Naghibzadeh, 1. When Mathieson explains that CPU 102 executes controller 240,
the CPU’s executes controller 240. Mathieson 430; EX-1022
1194.

For the second combination, Sakarda explains “core profiler 120 can receive
monitored system data 128 from the ,” including processing
performance requirements for a processing load. Sakarda, 4:21-24. Because core
profiler 120 resides in Sakarda’s power manager 118, see id., 3:63-4:1, Fig. 1,

monitors demand and outputs it to power manager 118.

EX-1022 q195.
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See Sakarda, Fig. 1 (annotated and altered above); EX-1022 9195.

3. [8b] — [8e]
Claim Element Corresponding Disclosure
[8b] See [1a].
[8c] See [1b].
[8d] See [1c].
[8e] See [1d].
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4. [8f]

For the first combination, Mathieson’s controller 240 switches operating

modes by enabling/disabling cores. Mathieson §30.
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1d., Fig. 2 (annotated); EX-1022 4200.

In a first mode, the first set of cores is enabled and the 18
disabled. Mathieson 9930-31. When CPU 102 causes controller 240 to switch to a
second mode, the first set of cores are disabled and the are
enabled. /d. This also includes a “transition period” where “the CPU 102 may

operate in both the first mode and the second mode simultaneously.” /d. §31. Thus,
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controller 240 controls a core mix. EX-1022 4200. Controller 240 also evaluates

and detects a workload, synonymous with demand. Mathieson 998, 30-31;

EX-1022 9201.

For the second combination, Sakarda’s power manager 118 “determine[s]

when to switch processor cores ... based on performance needs and the processing

load.” Sakarda, 4:1-4. Here, “performance needs” refers to system demands.

EX-1022 9202. Thus, power manager 118 controls core switching based on

demand. /d. The table below provides an exemplary system performance and power

policy:

Performance Policy

Memory State of Processor Processor Processor
IPC DMIPS  Statistics Svstem Ciore 1 Core 2 Corm 3
TR <5 (=500 Data Cache Memory Diigahled  Disahled Enzhled
Misges = 10%  Hound
IBC =05 5001000 Data Cache MMemory Enabled  Dhsabled  Dhisabled
Misses = 10%  Bound
IRC =05 500-1000 Data Cache CPL Bound Enakled Dhsabled  Duzabled

Mlisses < 10%

TR = 1.0 10002000 Dats Cache

PC

Misses = 10%

<05 (=500 Diata Cache

Misses < 10%

Memory and
CPU Bound
Low MIFS
Active and
[dle

Enakled Emabled  Dhisabled

Disabled  Dhsabled Enabled

Sakarda, 4:34-64.

Different cores are enabled/disabled based on system performance and the

power policy implemented by power manager 118.
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See id., Fig. 1 (annotated and altered above); EX-1022 9203.

H.

Claim 15

1.  [15p]

For the first combination, Mathieson discloses this feature. See supra §VII.G
(claim 15). For the second combination, Sakarda’s computer-readable medium 514
provides “types of information and/or data related to operational aspects of device
500.” Sakarda, 9:63-66; EX-1022 9204.

2. [15a] — [15f]

Claim Element Corresponding Disclosure

[15a] See [8a], [11].
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[15b] See [8b], [1a].
[15¢] See [8c], [1b].
[15d] See [8d], [1c].
[15¢] See [8e], [1d].
[15f] See [81], [11].

XII. Ground 2B: Mathieson, Sakarda, and Liu renders obvious claims 7, 14,
and 21 — “coherency logic circuitry”

When multiple cores share memory, as in Mathieson and Sakarda,
maintaining cache coherency is fundamental. See supra §X; Tucker, 19-11; Arimilli,
1:42-46, Akhiani, 1; Censier & Feautrier, Abstract, 1113. Performing this
fundamental task requires coherency logic. See id. The first and second Mathieson-
Sakarda combinations are multiprocessor architectures with shared memory and
must maintain cache coherency. See id. Cache coherence logic is therefore
implicit—and at least obvious—for these architectures to operate. EX-1022 9211.

It would have been obvious to use cache coherency logic circuitry. See supra
§X; Tucker, 19-11; Herrero, 1; Liu §93-5. A POSITA would have been motivated to
apply Liu, for example, to include a snoop filter in Mathieson’s and Sakarda’s shared

L2 caches. EX-1022 9212. Snoop filters “can reduce the snoop traffic seen by each
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processor core.” Liu 18. A POSITA thus would have applied Liu’s snoop filter in
both Mathieson-Sakarda architectures to maintain cache coherency while reducing
traffic. EX-1022 9212. A snoop filter is “coherency logic circuitry to maintain cache
coherency” that would be located in the shared caching layer. See Liu 94.

A POSITA would have recognized both Mathieson-Sakarda-Liu
combinations would have involved nothing more than combining prior art elements
(coherency logic circuitry, as in Liu, to maintain coherency in both Mathieson-
Sakarda caching architectures) according to known methods (snoop coherency
circuitry, as in Liu) to yield predictable results (an operational multiprocessor device
with reduced traffic to the core caches). EX-1022 4213. A POSITA would have had
a reasonable expectation of success in the combination. /d.

XIII. Ground 2C: Mathieson, Sakarda, and Knebel renders obvious claims 5,
12, and 19 — ““a system memory interface”

It was conventional to search a cache and then search memory if the data is
not in the cache. However, Mathieson-Sakarda-Knebel include this expressly.
EX-1022 9214. For the first combination, Mathieson teaches a
coupled to fast cores 130 and via a memory bridge 105. Mathieson,

Fig. 1, 920.
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1d., Fig. 1 (annotated); EX-1022 9214. Memory bridge 105 “may be integrated into
CPU 102” and operates like “a Northbridge chip.” Mathieson 920. By this,
Mathieson discloses a typical system memory interface. See id.; EX-1022 9214.
Knowing the fundamental operation of caches and cache controllers, a
POSITA would have understood Mathieson’s memory bridge 105 couples fast
cores 130 and to to search for a cache line

requested by a core when the requested cache line is not found in shared
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L2 cache 230. EX-1022 99215-216. A POSITA would have understood Mathieson’s
L2 cache controllers (controllers 310 and 320, Mathieson 948, Fig. 3) search for a
cache line in L.2 cache 230 when a core instructs them to do so. EX-1022 q216. If
the cache line requested by the core is not found in L.2 cache 230 (Mathieson’s last-
layer cache), the requesting core must retrieve the missing cache line from

via memory bridge 105. Mathieson 420 (CPU 102, which contains
the fast cores 130 and , communicates with via
memory bridge 105), Fig. 1; EX-1022 9216.

A POSITA would have understood that “[w]hen a requested data item is not
present in a processor’s caches, the item must be fetched from memory.”
Tucker, 19-14. That is how caches work. EX-1022 9217. Knebel similarly explains
the fundamental notions of a cache hierarchy and cache “hits” and “misses.” Knebel
910-12. Mathieson’s L2 cache controllers work together, like Knebel’s cache
controller 101, to search the shared L.2 cache for a cache line requested by one of
the cores. See Knebel §20. If the requested cache line is not in the shared L.2 cache,
it must be retrieved from . Tucker, 19-14; Knebel §12; EX-1022
217. A POSITA would have understood memory bridge 105 provides the
necessary interface to . Mathieson 420, Fig. 1.

Mathieson’s memory bridge 105 is a “system memory interface,” as

evidenced by Knebel. EX-1022 4218. A POSITA would have looked to teachings
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like those in Knebel because Knebel shares the same cache architecture as the first
Mathieson-Sakarda combination (multiple cores, each with private L1 caches, and a
shared L2 cache coupled to a system memory). Knebel, Fig. 1. Knebel’s cache
controller 101 (analogous to Mathieson’s L2 cache controllers 310 and 320)
searches the cache lines in a shared L2 cache when a core prompts it to do so. /d.;
Knebel, Fig. 1, q910-12, 20-22. A POSITA thus would have understood, or at least
found it obvious, that Mathieson’s L2 cache controllers would operate like Knebel’s
cache controller 101 (by searching shared L.2 cache to locate a line having the target
address specified by the requesting core). EX-1022 9218.

If the cache line requested by one of Mathieson’s cores is not in the L2 cache,
it would be necessary to search . Id. When a core requires data
stored in a particular address, Knebel’s core first determines whether the data is in
the lowest level cache (here, L1 cache). Knebel 12. If the data is not there, the core
next determines whether the data is in the next-level cache (here, the shared 1.2
cache—a last-level cache). 1d.; see also Patterson-2, 545; Censier & Feautrier, 1112.
If the data is not found (an event called a cache miss), “the core obtains the data from
the .” Id.; accord Tucker, 19-14. This is textbook. See, e.g., Patterson-
2,550-51; EX-1022 q9219-220.

Patterson-2 teaches how to handle cache misses in multi-core processors (like

Mathieson’s), including “detect[ing] a miss and process[ing] the miss by fetching
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the data from memory (or a lower-level cache).” Patterson-2, 550. The “basic
approach is to stall the CPU” and use a “separate controller [to] handle[] the cache
miss, [and] fetch[] the data ... from memory.” Id., 551 (emphasis added).

A POSITA would have been motivated to apply Knebel’s cache miss
techniques to Mathieson’s architecture because, in addition to Knebel’s own
teachings, Tucker and Patterson-2 specifically teach fundamental cache miss
techniques by using a controller to fetch data from memory (as Knebel teaches).
Patterson-2, 550; Tucker, 19-14; EX-1022 9221. Encountering a cache system like
Mathieson’s, a POSITA would have applied Knebel’s teachings such that a system
memory interface (memory bridge 105, which provides the interface to

) would search for the cache line in in the event
of a cache miss. EX-1022 9221. This would have involved no more than combining
prior art elements (understanding Mathieson’s L2 cache controllers would apply
Knebel’s technique for handling cache misses in systems like Mathieson’s)
according to known methods (fetching data from memory after a cache miss) to yield
predictable results (a processor that handles cache misses by fetching the data from
memory). Id. A POSITA would have had a reasonable expectation of success in the
combination. /d.

In the second combination, Sakarda discloses , Sakarda, 6:25-28,

Fig. 2, which is part of SoC 200 and thus includes system memory. EX-1022 9222;
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Sakarda, 6:24-28, Fig. 2. SoC 200 “can also include an integrated data bus” that can

be implemented “as a memory bus or memory controller.” Sakarda, 6:8-13.

Memory controller 206 thus couples the components of SoC 200, such as
, to multi-core processor system 214, including cores 210 and

EX-1022 9222.

System-on-Chip (SoC) 200

110 Logic Memory | Flash
Control Controller Memory
202 208 ' 208

[ti-Cor r m
204
; N -~
Processor Processor Core
Core 214 Profiler
210 Jl__ 2
T N 3
1 Processor Operating Caore-Switch
Core System Manager
212 216 J{__ 220
.

Sakarda, Fig. 2 (annotated); EX-1022 9222.
Because memory controller 206 couples Sakarda’s processing cores to
, 1t 1s a system memory interface. Sakarda, 6:8-10. As explained above,

a POSITA would have understood Sakarda’s memory controller 206 couples

2 Cores 210 and shown in Figure 2 are the same as cores 102 and

of shown in Figure 1. EX 1022 9222 n.2.
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processor core 102 and to to search for a
requested cache line when not found in the shared L2 cache 116 (Sakarda’s last-
layer cache). EX-1022 9223. The requesting core would then retrieve the missing
cache line from via memory controller 206. See Sakarda, 6:8-16,
6:24-28; Tucker, 19-14; Knebel 9910-12; Patterson-2, 550-51, 545; Censier &
Feautrier, 1112; EX-1022 9223.

A POSITA would have applied Knebel’s cache miss techniques to Sakarda’s
architecture based on Knebel’s teachings and those of the prior art. See Patterson-2,
550; Tucker, 19-14; EX-1022 9224. This would have involved nothing more than
combining prior art elements (Knebel’s logic for handling cache misses in
multiprocessors with similar cache hierarchies, such as Sakarda’s architecture)
according to known methods (fetching data from memory in the event of a cache
miss) to yield predictable results (a processor that handles cache misses by fetching
the data from memory). EX-1022 9224. A POSITA would have had a reasonable
expectation of success in the combination. /d.

XIV. The Board Should Institute Review

The Fintiv Factors support institution because Petitioner presents a
compelling unpatentability challenge under Factor 6, Factors 3 and 4 favor

institution, and Factors 1, 2, and 5 are, at worst, neutral.
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Under Factor 6, Petitioner relies on materially different and noncumulative
references that were not applied during prosecution of the ’281 patent. Factor 3
favors institution because Petitioner acted diligently to file the Petition before any
significant parallel investment. Patent Owner served infringement contentions one
month ago (September 4, 2024), fact discovery has not yet opened (October 9,
2024), and a Markman hearing will not be held until July 31, 2025. EX-1024, 2; see,
e.g., Apple Inc. v. Fintiv Inc., IPR2020-00019, Paper 11, 11 (P.T.A.B. Mar. 20, 2020)
(precedential) (“[1]t 1s often reasonable for a petitioner to wait to file its petition until
it learns which claims are being asserted against it in the parallel proceeding.”);
Coolit Sys., Inc. v. Asetek Danmark A/S, IPR2021-01195, Paper 10 at 11, 14
(P.T.A.B. Dec. 28, 2021) (finding petitioner acted diligently where it filed the
petition within five months after PO provided contentions for nine patents). Factor 4
favors institution because the Petition challenges claims 5 and 15-21, which are not
involved in the litigation. See EX-1026, 13 (asserting claims 1-4 and 6-14).

For Factors 1, 2, and 5, Patent Owner filed a Complaint against Petitioner on
April 8, 2024. EX-1025. No stay has been requested and trial is scheduled for
January 2026. While a Final Written Decision is anticipated by April 2026, balancing
all of the factors, the Board should institute review because the date of trial is but
one factor that should be balanced against the other factors. See e.g., Netnut Ltd., v.

Bright Data Ltd., IPR2021-01492, Paper 12 at 9-16 (P.T.A.B. March 21, 2022)
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(instituting review with trial date six months before final written decision deadline;
no stipulation made); Coolit, Paper 10 at 11, 14 (same by five months; Sand II
stipulation); Micron Technology, Inc., v. Vervain, LLC, IPR2021-01550, Paper 11 at
9-13 (P.T.A.B. April 11, 2022) (same by approximately three months). The trial date
is also not determinative here because, in EDTX, multiple trials are commonly
scheduled on the same date and are therefore subject to change.

XV. MANDATORY NOTICES UNDER 37 C.F.R. § 42.8
A.  Real Party-in-Interest

MediaTek Inc. is the real parties-in-interest for this petition.

B. Related Matters

The °281 patent is, or has been, involved in the following proceedings:

Name Number Forum Filed
Daedalus Prime LLC v. 2:24-cv-00235 E.D. Tex. | Apr. 8, 2024
MediaTek Inc.
C. Lead and Backup Counsel Information
Petitioner provides the following designation of counsel:
Lead Counsel Back-Up Counsel

Cory C. Bell (Reg. No. 75,096)
cory.bell@finnegan.com
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

Two Seaport Lane, 6th Floor
Boston, MA 02210-2001

Tel: 617-646-1641

Fax: 617-646-1666

J. Preston Long, Ph.D. (Reg. No. 65,125)

jp-long@finnegan.com
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

901 New York Avenue, NW
Washington, D.C. 20001

Tel: 202-408-4347

Fax: 202-408-4400
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Alexander M. Boyer (Reg. No. 66,599)
alexander.boyer@finnegan.com
Finnegan, Henderson, Farabow,
Garrett & Dunner, LLP

1875 Explorer Street, Suite 800
Reston, VA 20190-6023

Tel: 571-203-2700

Fax: 202-408-4400

MediaTek Inc. has granted Power of Attorney to Practitioners at Finnegan,
Henderson, Farabow, Garrett & Dunner, LLP. Petitioner consents to service by email
at the addresses listed above.

XVI. CONCLUSION

Petitioner respectfully requests that the Board grant IPR and find all

challenged claims unpatentable.

Dated: October 7, 2024 By: _ /Cory Bell/
Cory Bell (Reg. No. 75,096)
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CERTIFICATE OF COMPLIANCE

Pursuant to 37 C.F.R. § 42.24(a)(1)(1), the undersigned hereby certifies that
the foregoing Petition for Inter Partes Review contains 13,957 words, excluding
parts of this Petition exempted under § 42.24(a), as measured by the word-

processing system used to prepare this paper.

Dated: October 7, 2024 By: _ /Cory Bell/
Cory Bell (Reg. No. 75,096)
Counsel for Petitioner




CERTIFICATE OF SERVICE

Pursuant to 37 C.F.R. §§ 42.6(e) and 42.105(a), the undersigned certifies
that on October 7, 2024, a copy of the foregoing Petition for Inter Partes Review,
the associated power of attorney, and Exhibits 1001-1026 were served by FedEx
Priority Overnight on the correspondence address of record indicated in the Patent
Office’s Patent Center website for U.S. Patent No. 10,740,281 :

Scott A. Simmons

NDWE LLP/Intel

99 Almaden Boulevard, Suite 575
San Jose, CA 95113

Date: October 7, 2024 By: /William Esper/

William Esper

Legal Assistant and PTAB Coordinator

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, LLP





