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I. INTRODUCTION
A. Engagement

1. I have been retained by Hogan Lovells US LLP on behalf of Mercedes-Benz
USA, LLC (“MBUSA,” “Mercedes,” or “Petitioner”), as an independent expert in
this proceeding before the Patent Trial and Appeal Board (“PTAB” or “Board”). I
understand that Mercedes is requesting that the Board institute an inter partes
review ("IPR”) proceeding of U.S. Patent No. 10,705,588 (the “’588 Patent") (Ex-
1001), currently assigned to Daedalus Prime LLC (“Patent Owner” or ”PO”).

2. Specifically, I have been retained as a technical expert by Mercedes to study
and provide my opinions on the technology claimed in, and the patentability or
unpatentability of, claims 1-20 of the 588 Patent (“the challenged claims”). This
declaration is directed to the challenged claims of the *588 Patent, and sets forth
the opinions I have formed, the conclusions I have reached, and the bases for each.
For purposes of this declaration, I was not asked to provide any opinions that are
not expressed herein.

3. I am not and have never been an employee of Mercedes. | am being
compensated at my standard hourly consulting rate of $650 per hour. No part of
my compensation depends on the outcome of this proceeding, and I have no other
interest in this proceeding.

4. I am familiar with the technology described in the *588 Patent as of its
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earliest possible priority date of October 27, 2011. I have been asked to provide my
technical review, analysis, insights, and opinions regarding the 588 Patent. I have
used this experience and insight along with the above-noted references as the basis
for the grounds of unpatentability set forth in the Petition for infer partes review of
the *588 Patent.

B. Background and Qualification

5. I am currently Principal at Horst Tech LLC, where I perform research,
design, and manufacturing of electronic systems and devices. I also serve as an
Adjunct Research Professor at the University of Illinois at Urbana-Champaign in
the Department of Electrical and Computer Engineering. All of my opinions stated
in this declaration are based on my own personal knowledge and professional
judgment. In forming my opinions, I have relied on my 47 years of experience as
an engineer, technical director, researcher, chief technology officer, consultant, and
research professor in the electronic systems and device, power systems and control
electronics, processor and interconnect, and computer hardware spaces.

6. I am over 18 years of age and, if [ am called up on to do so, [ would be
competent to testify as to the matters set forth herein. I understand that a copy of
my current curriculum vitae, which details my education and professional and
academic experience, is being submitted by Petitioner as Exhibit 1004. The

following provides an overview of some of my experience that is relevant to the
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matters set forth in this declaration.

7. I earned my M.S. (1978) in electrical engineering and Ph.D. (1991) in
computer science from the University of Illinois at Urbana-Champaign after
earning my B.S. (1975) in electrical engineering from Bradley University. During
my master’s program, I designed, constructed, and debugged a shared memory
parallel microprocessor system. During my doctoral program, I designed and
simulated a massively parallel, multi-threaded task flow computer.

8. After receiving my bachelor’s degree and while pursuing my master’s
degree, | worked for Hewlett-Packard Co. While at Hewlett-Packard, I designed
the micro-sequencer and cache of the HP3000 Series 64 Processor. From 1980 to
1999, I worked at Tandem Computers, which was acquired by Compaq Computers
in 1997. While at Tandem, I was a designer and architect of several generations of
fault-tolerant computer systems and was the principal architect of the NonStop
Cyclone superscalar processor.

0. I also have various publications, including publications related to CPU
architecture and storage. I have also received the Distinguished Alumni Award
from the University of [llinois Department of Electrical and Computer Engineering
for “Pioneering Contributions to Fault-tolerant Computer Architecture.” I have
served on various IEEE committees and was elected as an IEEE fellow “for

contributions to the architecture and design of fault tolerant systems and
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networks.”

10. I have my own patents directed to memory system design and aspects of
circuit design, including U.S. Pat. No. 5,146,589, U.S. Pat. No. 5,287,472, U.S.
Pat. No. 5,329,629, U.S. Pat. No. 5,034,964, and U.S. Pat. No. 9,893,604. I have
testified as an expert witness on over 50 patent matters related to systems,
processors, networks, and storage. | have also served as an expert witness in patent
and intellectual property litigation as well as on several inter partes review matters,
including IPR2018-01249, IPR2018-01315, IPR2018-01316, [IPR2018-00371,
IPR2018-00372, IPR2018-00374, IPR2018-00375, IPR2018-00327, IPR2018-
00328, IPR2018-00329, IPR2017-01707, IPR2017-01711, IPR2017-01714,
IPR2017-01718, IPR2017-01728, IPR2017-01729, IPR2017-01732, IPR2017-
01733, 1PR2017-01391, IPR2017-01392, IPR2017-01393, IPR2017-01395,
IPR2017-01406, IPR2017-01559, IPR2017-01705, IPR2017-01713, IPR2016-
0897, IPR2016-0902, IPR2016-0903, IPR2014-01469, IPR2015-00159, IPR2015-
00161, IPR2015-00163, IPR2015-00172, IPR2014-00949, IPR2014-00901, and
IPR2013-00440.

11. Based on my experience and education, I believe that I am qualified to opine
as to the knowledge and level of skill of one of ordinary skill in the art at the time
of the alleged invention of the *588 Patent, as well as the state of the art at that

time.
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C.

Materials Considered

12.  In forming my opinions, I have reviewed the following documents: !

1001 U.S. Patent No. 10,705,588 to Ananthakrishnan et al. (the “’588
Patent”)

1002 The ’588 Patent Prosecution History

1003 Declaration of Robert W. Horst, Ph.D.

1004 Curriculum Vitae of Robert W. Horst, Ph.D.

1005 U.S. Patent No. 7,263,457 to White et al. (“White”)

1006 U.S. Patent No. 7,392,411 to Shakkarwar (“Shakkarwar”)

1007 U.S. Patent Publication No. 2011/0022356 to Nussbaum et al.
(“Nussbaum”)

1008 U.S. Patent No. 10,037,067 to Ananthakrishnan et al. (the “’067
Patent”);

1009 The 067 Patent Prosecution History

1010 U.S. Patent No. 9,354,692 to Ananthakrishnan et al. (the “’692
Patent”);

1011 Chetana Keltcher, et al., AMD Athlon Northbridge with 4x AGP and
Next Generation Memory Subsystem (1999)

1012 U.S. Patent Pub. No. 2010/0115304 to Finkelstein et al.

(“Finkelstein™)

II. UNDERSTANDING OF LEGAL STANDARDS

13. In forming my opinions and considering the subject matter of the *588

Patent and its claim in light of the prior art, I am relying on certain legal principles

! Four-digit pin citations that begin with 0 are to the branded numbers added by

Mercedes in the bottom right corner of the exhibits. All other pin citations are to

original page, column, paragraph, or line numbers.
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that counsel in this case explained to me. My understanding of these concepts is
summarized below.

14. T understand that earlier publications and patents may act to render a patent
unpatentable for one of two reasons: (1) anticipation, and (2) obviousness.

A.  Anticipation

15. It is my understanding that the claims of a patent are anticipated by a prior
art reference if each and every element of the claim is found either explicitly or
inherently in the reference. I understand that inherency requires a showing that the
missing descriptive matter in the claim is necessarily present in the allegedly
anticipating reference, and that it would have been so recognized by a person of
ordinary skill in the art (“POSITA”).

16. I understand that when a challenged claim covers several structures, either
generically or as alternatives, the claim is deemed anticipated if any of the
structures within the scope of the claim is found in the prior art reference.

17.  Although anticipation typically involves the analysis of a single prior art
reference, I understand that additional references may be used to show that the
prior art reference has enabling disclosure (i.e., allows a POSITA to make the
invention without undue experimentation), to explain the meaning of a term used
in the prior art reference, and/or to show that a characteristic is inherent in the prior

art reference.
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B. Obviousness

18. I understand that a claim is invalid as obvious if it would have been obvious
to a POSITA at the time the alleged invention was made. This means that even if
all of the elements of the claim cannot be found in a single prior art reference that
would anticipate the claim, a POSITA who was aware of the prior art would have
been able to come up with the claimed invention. This may be the case, for
example, where the missing element represents only an insubstantial difference
over the prior art or a reconfiguration of a known system. I understand that in an
obviousness determination, the POSITA is presumed to have knowledge of all
material prior art.

19. I understand that an obviousness analysis requires an understanding of the
scope and content of the prior art, any differences between the alleged invention
and the prior art, and the level of ordinary skill in evaluating the pertinent art.

20. T understand that when a product is available, design incentives and other
market forces can prompt variations of it, either in the same field or a different one.
If a POSITA can implement a predictable variation, obviousness likely bars its
patentability. For the same reason, if a technique has been used to improve one
device and a person of ordinary skill in the art would recognize that it would
improve similar devices in the same way, using the technique would have been

obvious.
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21. Tunderstand that whether a prior art reference renders a patent claim
unpatentable as obvious is determined from the perspective of a POSITA at the
time of the alleged invention. I have been told that there is not requirement that the
prior art contain an express suggestion to combine known elements to achieve the
claimed invention, but a suggestion to combine known elements to achieve the
claimed invention may come from the prior art, as filtered through the knowledge
of one skilled in the art. In addition, I have been told that the inferences and
creative steps a POSITA would employ are relevant to the determination of
obviousness.

22. I understand that one may consider, e.g., whether (1) the change was merely
the predictable result of using prior art elements according to their known
functions, or whether it was the result of true inventiveness; (2) there is some
teaching or suggestion in the prior art to make the modification or combination of
elements claimed in the patent; (3) the claimed innovation applies a known
technique that had been used to improve a similar device or method in a similar
way; (4) the claimed invention would have been obvious to try, meaning that the
claimed innovation was one of a relatively small number of possible approaches to
the problem with a reasonable expectation of success by those skilled in the art; (5)
the invention merely substituted one known element for another known element in

order to obtain predictable results; (6) the invention merely applies a known
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technique to a known device, method, or product to yield predictable results; or (7)
known work in one field of endeavor may have prompted variations of it for use in
either the same field or a different one based on design incentives or other market
forces that would have been predictable to a POSITA.

23. I further understand that certain factors may support or rebut the obviousness
of a claim. I understand that such secondary considerations include, among other
things, commercial success of the patented invention, skepticism of those having
ordinary skill in the art at the time of the invention, unexpected results of the
invention, any long-felt but unsolved need in the art that was satisfied by the
alleged invention, the failure of others to make the alleged invention, praise of the
alleged invention by those having ordinary skill in the art, and copying of the
alleged invention by others in the field. I understand that there must be a nexus—
that is, a connection—between any such secondary considerations and the alleged
invention. I also understand that contemporaneous and independent invention by
others is a secondary consideration tending to show obviousness.

24. 1 am not aware of any allegations by the named inventor of the *588 Patent
or any assignee of the *588 Patent that any secondary considerations tend to rebut
the obviousness of the *588 Patent.

25. Additionally, I understand that in considering obviousness, it is important

not to use the benefit of hindsight derived from the patent under consideration.
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C. Level of Ordinary SKkill in the Art

26.  When interpreting a patent, I understand that it is important to identify the
relevant art pertaining to that patent, as well as the level of ordinary skill in that art
at the time of the claimed invention. The “art” is the field of technology to which
the patent is related.

27. I am informed and understand that the POSITA is a hypothetical person who
is presumed to know the relevant prior art. I understand that the actual inventor’s
skill is not determinative of the level of ordinary skill. I further understand that
factors that may be considered in determining level of skill include: (i) the types of
problems encountered in the art; (i1) prior art solutions to those problems; (iii) the
rapidity with which innovations are made; (iv) the sophistication of the technology;
and (v) the educational level of active workers in the field. I understand that not all
such factors may be present in every case, and one or more of them may
predominate.

28. Tunderstand that a POSITA is one who is presumed to be aware of all
pertinent art, thinks along conventional wisdom in the art, and is a person of
ordinary creativity. A POSITA would have had knowledge of electronic circuits,
processors, or components or software for controlling electronic circuits,
processors, or components as of September 6, 2011.

29. A person of ordinary skill in the art at the relevant time (“POSITA”) would
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have had a bachelor’s degree in electrical engineering, computer science, computer
engineering, material science, physics, applied physics, or a related field, and at
least two years of experience in the research, design, development, or testing of
electronic circuits or components or software for controlling electronic circuits or
components, or the equivalent, with additional education substituting for
experience and additional experience substituting for formal education.

30. Based on my education and experience, I would have, at least, met the criteria
for a POSITA on October 27, 2011, and I still exceed it today. See supra Section 1.B
(Background and Qualification. (See also Ex-1004 (CV of Dr. Robert W Horst,
Ph.D.).)

D. Claim Construction

31. Tunderstand that the United States Patent and Trademark Office interprets
claim terms in an inter partes review proceeding under the same claim
construction standard that is used in a United States federal court. I understand that
under this standard, the meaning of claim terms is considered from the viewpoint
of'a POSITA at the time of the alleged invention.

32.  Ihave been informed that claim terms are generally given their ordinary and
customary meaning as understood by one of ordinary skill in the art in light of the
specification and the prosecution history pertaining to the patent. I understand,

however, that claims terms are generally not limited by the embodiments described
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in the specification.

33. Tunderstand that in addition to the claims, specification, and prosecution
history, other evidence may be considered to ascertain the meaning of claim terms,
including textbooks, encyclopedias, articles, and dictionaries. I have been informed
that this other evidence is often less significant and less reliable than the claims,
specification, and prosecution history.

34.  Petitioner’s proposed constructions for these means-plus-function elements
are below. All other claim terms herein are given their ordinary and customary
meaning.

1. Claim 20: “means for operating a first core at a first
voltage...”

35. Recited Function: “operating a first core at a first voltage and at a first

frequency while concurrently operating a second core at a second voltage
independent of the first voltage frequency and at a second frequency different from
the first frequency and independently operating a graphics processor at a third
frequency different from the first frequency and the second frequency”

36. Corresponding Structure and Equivalents: “power control unit (PCU)

[355/455]” and equivalents. (’588, 5:46-55, 6:45-19, Figures 3-4.)

2. Claim 20: “means for independently operating a graphics
processor...”

37. Recited Function: “independently operating a graphics processor at a third
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frequency different from the first frequency and the second frequency”

38. Corresponding Structure and Equivalents: “power control unit (PCU)

[355/455]” and equivalents. (’588, 5:46-55, 6:45-19, Figures 3-4.)

3. Claim 20: “interconnect means to couple the graphics
processor to a memory device...”

39. Recited Function: “to couple the graphics processor to a memory device,

device, the interconnect means operable at a fourth frequency different from the
first, second, and third frequencies”

40. Corresponding Structure and Equivalents: “interconnect 315” and

equivalents.(’588, Figure 3, 5:44-50.)

III. SUMMARY OF GROUNDS

41. T understand that Petitioner challenges the validity of Claims 1-20 of the
’588 Patent. In particular, I understand that Petitioner asserts the following grounds

for challenging the claims of the 588 Patent:

Ground Summary?

1 White (Ex-1005) anticipates and/or renders obvious Claims 1-4, 7,

8-11, 14-20 of the 588 Patent

2 Independent claims in bold.
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2 White (Ex-1005) in view of Shakkarwar (Ex-1006) renders obvious

Claims 5-6 and 12-13 of the ’588 Patent

3 Nussbaum (Ex-1007) anticipates and/or renders obvious Claims 1-

4,7, 8-11, 14-20 of the *588 Patent

4 Nussbaum (Ex-1007) in view Shakkarwar (Ex-1006) renders

obvious Claims 5-6 and 12-13 of the 588 Patent

IV. BACKGROUND OF THE ’588 PATENT
A. Overview of the 588 Patent

42. Independent Claims 1, 8, and 20 of the *588 Patent recite a processor,
system, and apparatus, respectively, having five basic components. The claimed
processor and system have a plurality of processing cores including (1) a first core
and (2) a second core, each independently operable at a first frequency and
voltage and a second frequency and voltage, respectively. The claimed processor
and system also include (3) graphics processing circuitry and (4)

to couple the graphics processing circuitry to (5) a system memory
or memory device. The graphics processing circuitry is independently operable at
a third frequency, and the interconnect is operable at a fourth frequency, wherein
the third and fourth frequencies are different from the first and second frequencies.

Dependent claims further require additional elements: Claims 2, 4-7, 9, and 11-14
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require power management circuitry and/or logic to cause the components to
operate the respective frequencies and Claims 3 and 10 require a cache shared by
the plurality of cores.

43.  The *588 Patent’s Figure 4 illustrates elements of Claims 1 and 8. It depicts
first core 410, second core 410,, and graphics engine 420, which the 588 Patent
describes as operating at different voltages and/or power. (°588, 6:11-24.) Figure 4
also shows interconnect 430, which provides a connection between the cores 410,
graphics domain 420, and system agent circuitry 450 (including PCU (power
control unit) 455). (Id., 6:37-44.) A last level cache (LLC) is shown which is
shared among cores 410. (/d., 6:30-37.) And integrated memory controller (IMC)
470 1s depicted, which provides an interface to a system memory such as a DRAM

(not shown in Figure 4). (Id., 7:20-24.)
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L 410n 4400
Graphics Engine
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(Id., Figure 4 (annotated).)

44. The *588 Patent also illustrates multiprocessor system 500 in Figure 5
including processors 570, 580 containing multiple processing cores 574, 584;
graphics engine 538; chipset 590 having multiple P-P interconnects 539, 552, 554
and interconnect interfaces 592, 594, 596; memories 532, 534; and multiple buses

and interfaces for communication with I/O devices:
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574b
£

584b
\

500

(/d., Figure 5, 7:36-10.)

45.

’588 Patent, (id., 7:36-39), yet is substantively identical to Figure 7 in U.S. Patent

FIG. 5

PROCESSOR PROCESSOR ra
570 580
PROC.
CORE
574a
MEMORY MCH (| L284e MCH MEMORY
532 572 . 582 534
550
P-p PP PP P-p
576 578 | 588 586
/Y .
N i
y o2 Yy s
HIGH-PERF P-P CHIPSET PP
GRAPHICS 594 590 598
538 /
WE VF
539
592 596 516
BUS BRIDGE /O DEVICES AUDIO 1/O
518 514 524
! T 520 :
KEYBOARD / MOUSE COMM DEVICES DATA zggRAGE
522 526 530 V6L
~~}cope

Multiprocessor system 500 of Figure 5 embodies the alleged invention of the

Pub. No. 2010/0115304 to Finkelstein et al., filed on October 31, 2008. I

understand that Finkelstein is prior art under at least pre-AIA 35 U.S.C. §§ 102(a),

(b), and (e).

46.

Finkelstein’s Figure 7 depicts the same multicore processor system 700 as

the *588 Patent’s Figure 5, similarly containing processors 702, 704 having
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multiple processing cores, (Finkelstein, [0049]); graphics engine 734; chipset 720
having multiple P-P interconnects 730, 732, 737 and interconnect interfaces 722,
724, 736; memories 710, 712; and the same buses and interfaces for

communication with I/O devices:
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706 708
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726
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722 _ X
s 716 714 7IR 728
730 724
P-P CHIPSET 720 P-P
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734 I'F I’F
736 741 740
- o
| |
Bus BRIDGE 1/0 DEVICES AUDIO DEVICES 744
742 743 747
- | l | I >
K'{Y'_’()'\RI)'J COMM DEVICES DATA STORAGE 748
MOUSE 746
745

FIG. 7

(Finkelstein, Figure 7, [0048]-[0051].)

47.

CODE

749

Because Finkelstein’s Figure 7 is identical to the 588 Patent’s Figure 5 that

embodies its alleged invention, Finkelstein teaches each and every claim or claim
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element supported by Figure 5. The *588 Patent is not novel or inventive with
respect to any components shown in Finkelstein’s Figure 7.

B. Prosecution History of the 588 Patent

48. I understand the *588 Patent was filed on January 16, 2019, as
US16/249,103 and is related to the following other patents and applications:
e US16/249,103 is a continuation of US15/381,241, filed on Dec. 16, 2016,
now US10,248,181;
e US15/381,241 is a continuation of US15/138,505, filed on Apr. 26, 2016,
now US10,037,067 (the “’067 Patent”);
o USI15/138,505 is a continuation of US14/451,807, filed on Aug. 5, 2014,
now US9,354,692 (the “’692 Patent™); and
e US14/451,807 is a continuation of US13/282,896, filed on Oct. 27, 2011,
now USS8,832,478.
49.  The *588 Patent (US16/249,103) received a single Office Action rejection
prior to allowance, in which as-issued Claims 1, 8, and 20 were rejected only
because of obviousness-type double patenting over Claim 11 of 067. (Ex-1002,
0046-50; see also Ex-1008, 0013 (Claim 11 of the 067 Patent).)
50. The Examiner objected to as-issued *588 Claims 2 and 9 for depending from
a rejected base claim but noted that they would be allowable if rewritten in

independent form. (Ex-1002, 0049.) With respect to these claims, the Examiner
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concluded that the “the prior arts, cited in its entirety, or in combination, do not
teach first power management circuitry and/or logic to cause the first core to
operate at the first frequency and to cause the second core to independently operate
at the second frequency.” (1d., 0049-50.) In response, on December 5, 2019, the
applicant terminally disclaimed the pending claims over the *067 Patent and
requested reconsideration. (/d., 0028-0029, 0037-0039.) On March 2, 2020, the
examiner allowed all pending claims. (/d., 0017-0021.)

51. The 067 Patent likewise received a single Office Action rejection prior to
allowance, in which as-issued Claim 11 was rejected only because of obvious-type
double patenting over Claim 1 of the *692 Patent. (Ex-1009, 0151-0156; see also
Ex-1010, 0012 (Claim 1 of the 692 Patent).) The applicant terminally disclaimed
the 067 over the *692, and the Examiner allowed all pending claims.

52.  Because the Examiner issued only obviousness-type double patenting
rejections, I understand that he never identified novel elements in as-issued’588
Claims 1, 8, and 20 and 067 Claim 11 that were absent from the prior art.

53. Tunderstand that several prior art references relied on in this Petition were
not before the PTO during prosecution of the 588 Patent. Thus, I understand that
the Petition presents substantially new arguments that were not considered during
prosecution.

C.  Priority Date
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54. I understand that the earliest possible priority date for the *588 Patent is
October 27, 2011. Assuming this earliest date, I understand that all prior art
references asserted in this petition are prior art.

V. THE ELEMENTS IN CLAIMS 1-20 OF THE ’588 PATENT ARE

ANTICIPATED AND RENDEDERED OBVIOUS BY THE PRIOR
ART

A. Grounds Based on White

55. T understand that White was filed January 3, 2006 and issued on August 28,
2007 and 1s prior art under at least pre-AIA 35 U.S.C. §§ 102(a), (b), and (e).

56.  White discloses a “System and Method for Operating Components of an
Integrated Circuit at Independent Frequencies and/or Voltages.” (White, Title.)
White’s “operating components of an integrated circuit” include processor logic
cores “configured to operate at frequencies and voltages independently of each
other.” (White, Abstract.) White’s Figure 1 depicts an integrated circuit 100 having
logic cores 120A and 120B, the first and second cores, and shows how common
bridge logic 110 connects the integrated circuit 100 with other components, such as

bus(es) 150, peripheral(s) 160, and a memory subsystem 170:
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second core

first core
1
\integrated circuit 100 /
| - } v
voltage logic logic I frequency
regulator(s) core core regulator(s)
130 1204 1208 r 140
! ! Y
\ d v
common bridge logic .
110 -
b 4 4
\
bus(es) peripheral(s) hrpemnrol
150 160 subjisqtem
FIG. 1

Id., Figure 1 (annotated); see also 5:28-30, 6:41-8:58.)
57.  White discloses power management logic 200 (Figure 2A) and temperature
control logic 210 (Figure 2B) that control the frequencies and voltages of the logic

cores 120 and common bridge logic 110 through voltage and frequency regulators

130, 140:
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(/d., Figure 2A (annotated); see also 5:32-35, 8:59-11:60.)

-24 - Mercedes Ex-1003
U.S. Patent No. 10,705,588
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—»! regulator(s) core core | regulator(s)
120A 1208 140
'\\
.- common bridge logic » second|core
FIG. 2B

(Id., Figure 2B (annotated); see also 5:36-39, 11:61-14:20.)

58.  White’s Figure 8 depicts an overall system having microprocessors with
multiple cores 1100, graphics processing circuitry 1108, interconnect AGP
(accelerated graphics port) bus 1110, memory 1104, PCI bus 1114 and ISA/EISA

bus 1120 to couple to I/O devices, and various exemplary I/O devices (such as a

display 1126 and keyboard/mouse 1122):
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(Id., Figure 8 (annotated); see also 24:30-26:30.)

59.  White discloses that microprocessor 1100 and graphics controller 1108 each
contain multi-core integrated circuits, such as integrated circuit 100 depicted in
Figures 1-2 and described above. (1d., 24:33-41 (“processor 1100 may include
integrated circuit 100, one or more logic cores 120, common bridge logic 110,
and/or one or more temperature sensors 220, described above. Additionally, system
1000 may include power management logic 200 and/or temperature control logic
210 both of which may be configured to control or adjust the operating frequency
and/or voltage for logic core(s) 120, and possible common bridge logic 110,
according to various embodiments, and as described herein.”), 24:49-54 (“graphics
controller 1108 may include one or more multi-core integrated circuits and each

logic core within such an integrated circuit may be configured to operate at
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independent frequencies and/or voltages, as described herein”).

1. Ground 1: Claims 1-4, 7-11, and 14-20 are anticipated by or
obvious over White

(a) Independent Claim 1
1[p]: A processor comprising:
60. In my opinion, White teaches Claim 1[p].
61. White discloses a computer processor system that includes “[m]ultiple logic
cores of integrated circuits and processors...” (White, Abstract.) These integrated
circuits and processors have multiple logic cores that make up the overall
processor in White. As can be seen below, the processor of Figure 8 includes,
among other components, microprocessors 1100 and 1100a, a bus bridge 1102, a
main memory 1104, a graphics controller unit 1108, and caches 1128 and 1128a.

(Id., 24:30-26:30.)
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I_ T |
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FIG. 8

(/d., Figure 8 (annotated).)

62. Microprocessors 1100 and 1100a “include multiple logic cores” that are
“configured to operate at voltages and/or frequencies independent of the voltages
and/or frequencies at which others of the cores may operate.” (1d., 24:33-36,
26:21-25.) Moreover, White discloses that these microprocessors may include the
integrated circuit 100, logic cores 120, common bridge logic 110, and temperature
sensors 220 from Figure 1. (/d., 24:33-46, 26:18-25.) Similarly, White discloses
that graphics controller unit 1108 may include “one or more multi-core integrated

circuits,” with each logic core within the circuits “configured to operate at
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independent frequencies and/or voltages, as described herein.” (1d., 24:47-54, 6:42-
46 (“an integrated circuit may include multiple logic cores, such as logic cores
120A and 120B each of which may be configured to operate at an independent

voltage and frequency”). Integrated circuit 100 is depicted in, for example, Figure

1:

second core

first core
I
\ integrated circuit 100 /
voltage lognc loglc I frequency
regulator(s) regulator(s)
130 '| 140
4 ' Y
\ v
common bridge logic _
110
! | 4 )
\ y
bus(es) peripheral(s) o st
ystem
150 160 Vo

FIG. 1

(White, Figure 1 (annotated); see also 5:28-30, 6:41-8:58.)
63. Integrated circuit 100 “include[s] multiple logic cores, such as logic cores
120A and 120B each of which may be configured to operate at an independent

voltage and frequency.” (Id., 6:42-46; see also 2:15-18.) Moreover, the “multi-core
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integrated circuit or processor may include a common bridge or interface unit, such
as common bridge logic 110, configured to communicate with the logic cores as
well as with other elements or peripherals either internal or external to integrated
circuit 100.” (Id., 7:1-6.)

1[A]: a plurality of cores including a first core operable at a first voltage and at a
first frequency, and

64. In my opinion, White teaches Claim 1[A].

65. A processor core is the part of a computer system that performs computation
by executing a series of instructions. Each processor family has a set of
instructions for fetching data, performing arithmetic operations and controlling
program flow. Multicore processors include multiple processor cores within a
single IC package. Multicore processors, also called many-core processors or chip
multi-processors (CMPs) evolved from multi-chip multiprocessors as the density
of IC technology improved to the point where such complexity was feasible.

66. The performance of a processor core depends on the frequency of fetching
instructions and the number of instructions fetched each cycle. The processor core
can operate at higher frequencies when the voltage is higher. A well-known and
widely used power management technique operates each core at the lowest voltage
and frequency level sufficient to provide adequate performance for the workload
currently executing on the core. This is known as dynamic voltage and frequency

scaling (DVFS). DVFS enables one to adjust the voltage and frequency to provide

-30 - Mercedes Ex-1003
U.S. Patent No. 10,705,588



different tradeoffs between power consumption and performance. A particular
voltage/frequency pair is selected in order to provide adequate performance for the
workload currently executing on the core, based on the requirements for the
workload being executed.

67. White discloses a plurality of cores, and in particular “multiple logic cores,”
each of which “may be configured to operate at a particular voltage and frequency
regardless of whether other logic cores in the processor are also operating at the
same voltage and/or frequency.” (Id., 2:15-22, see also 2:22-44, 3:8-60, 6:43-49,
7:18-22, 8:61-9:53, 13:27-14:20, 15:42-16:21, Figures 4-7, Abstract.) For example,
White discloses reducing the voltage and/or frequency for an individual logic core
(the first core) when higher than optimal temperature or power consumption is
detected for the processor containing the logic core. (See White, 3:24-45, see also
2:15-44 (explaining that one core could operate at a “lower” frequency and/or
voltage).) White further explains that, because “the operating frequency of a logic
core is related to the operating voltage of that logic core, when an operating
voltage for a logic core is adjusted, such as to lower the operating temperature, the
operating frequency for the logic core may also be adjusted.” (Id, 3:53-57).

68.  White discloses a first core in Figure 1, showing logic core 120A within

integrated circuit 100:
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150 160 - subjs_;_atem

FIG. 1

(White, Figure 1 (annotated); see also 5:28-31, 6:41-8:58, 10:50-56, 13:27-14:20.)
69. White discloses that the first core, logic core 120A, can be “configured to
operate at an independent voltage and frequency. In other words, each logic core
may operate at a voltage and/or frequency independently from the voltage and/or
frequency at which other logic cores, such as logic core 120B, may operate.” (1d.,
6:43-46.)

70.  White’s Figure 8 also depicts microprocessor 1100 containing multiple logic

cores, including the first core:
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(/d., Figure 8 (annotated), 24:30-26:30.)

71.  As discussed above, see supra Section V.A.1(a) (Ground 1, Claim 1[p]),
microprocessor 1100 includes integrated circuit 100 as well as the one or more
logic cores 120A and 120B therein. (/d. 24:33-39.) Thus, one of the logic cores in
White, such as logic core 120A, is a “first core,” and as White discloses, the
particular voltage and frequency at which this logic core operates would be a first
voltage and first frequency. (/d.)

1[B]: a second core operable at a second voltage independent of the first voltage
and at a second frequency different from the first frequency;

72.  In my opinion, White teaches Claim 1[B].
73. Because White discloses “multiple logic cores” it discloses “a second core”

of a processor or integrated circuit. (White, 2:15-18; see also Abstract.) As with
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the first core, the second core in White, “may be configured to operate at a
particular voltage and frequency regardless of whether other logic cores in the
processor are also operating at the same voltage and/or frequency.” (1d., 2:19-22,
6:44-46.) For example, White discloses that, when higher than optimal temperature
or power consumption is detected, the voltage and/or frequency of a logic core
120B—the second core— remains unchanged, while independently reducing the
voltage and/or frequency of another logic core, 120A—the first core. (1d., 13:27-
14:20; see also 3:24-45.) White likewise discloses adjusting operating voltage
and/or frequency “for one logic core to a lower level than the operating
characteristics of another logic core.” (White, 9:1-6, 9:25-30; see also 9:13-18.)
White accordingly contemplates that each logic core—such as the first and second
cores—may “‘us[e] a different voltage level and/or clock frequency.” (/d., 2:55-57,
see also 4:11-17, 8:4-10, 10:28-32, 11:31-35.)

74.  White discloses a second core in Figure 1, showing logic core 120B within

integrated circuit 100:
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(Id., Figure 1 (annotated), 5:28-31, 6:41-8:58, 10:50-56, 13:27-14:20.)

75.  White discloses that logic core 120B, the second core, can operate
independently from each other logic core. (/d., 6:43-46.)

76.  White’s Figure 8 also illustrates microprocessor 1100 containing multiple

logic cores, including the second core:

-35- Mercedes Ex-1003
U.S. Patent No. 10,705,588



microprocessor containing Sl aiai
multiple logic cores, i
including the e keyboad
1106 —| memory P Ty
second core I bus

CPU bus bus bridge PCibus 1114

© 1100 2t 7 1 ] T T

1110

_______ | ACPbus PCi device Ci Gevice sacondary bus bridge
: 11124 i 1116
processor
|
|

graphics controlier

1108
= J i | 1SA device . ISAEISA
| Lecaxche | 1116 120 ] bus
| |

dsplay

12

FIG. 8

(Id., Figure 8 (annotated), 24:30-26:30.)

77.  Asdiscussed above, see supra Section V.A.1(a) (Ground 1, Claim 1[p]),
microprocessor 1100 includes integrated circuit 100 as well as the one or more
logic cores 120A and 120B. (/d. 24:33-39.) Thus, one of the logic cores in White,
such as logic core 120B, is a “second core,” and as White discloses, the particular
voltage and frequency at which this logic core operates would be a second voltage
and second frequency. (/d.)

1[C]: graphics processing circuitry coupled to the plurality of cores to perform
graphics operations, the graphics processing circuitry independently operable at

a third frequency different from the first frequency and the second frequency;
and

78.  In my opinion, White teaches Claim 1[C].

79.  White discloses that the processor may include graphics processing circuitry
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(e.g., “graphics controller 1108”). (White, 24:47-54.) Graphics controller 1108 is
circuitry that performs graphics processing and operations, such as “control[ling]
the rendering of text and images on a display,” and “may embody a typical
graphics accelerator generally known in the art to render three-dimensional data
structures that can be effectively shifted into and from main memory.” (1d., 25:64-
26:2.)

80.  Graphics controller 1108 is coupled to the plurality of cores—e.g., the
aforementioned first and second cores such as logic cores 120A and 120B in
processor 1100—through CPU bus 1124, bus bridge 1102, and AGP bus 1110.

(Id., 25:1-23.)
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multiple logic cores,

including the first e\ 128 S - e -y

core and second cor : b 122
procrmscr |, CPUbw tus bridge PO by ¢ o
e 1" - 11 ‘
’ |
1190 ~{ AGP bus p
e | || [
| pu:.qn I
| L | SrIphics conrober
I 1108

'
et SA device SAEISA
| LQoxte 1198 120 b
| 125 |

_____ 2 ——

g graphics processing circuitry

(/d., Figure 8 (annotated) (illustrating graphics controller 1108 coupled through

AGP bus 1110, bus bridge 1102, and CPU bus 1124 to microprocessor 1100,
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which includes first core 120A and second core 120B), 25:21-23 (“Bus Bridge
1102 may provide an interface between microprocessor 1100, main memory 1104,
graphics controller 1108, and devices attached to PCI bus 1114.”), 25:3-4
(“[G]raphics controller 1108 is coupled to Bus Bridge 1102 through an AGP bus
1110.”), 25:11-12 (“[M]icroprocessor 1100 may be coupled to Bus Bridge 1102
through a CPU bus 1124”).)

81.  White discloses that the “graphics controller 1108 may include one or more
multi-core integrated circuits and each logic core within such an integrated circuit
may be configured to operate at independent frequencies and/or voltages, as
described herein.” (White, 24:50-54, 6:42-46 (“an integrated circuit may include
multiple logic cores, such as logic cores 120A and 120B each of which may be
configured to operate at an independent voltage and frequency’’).) Thus, the cores
of graphics controller 1108 may operate at an independent third frequency that is
different from the first and second frequencies of the first and second cores,
respectively. (Id., 24:47-54; see also 2:55-57,4:11-17, 10:28-32, 11:31-35.)
1[D]: an interconnect to couple the graphics processing circuitry to a memory

device, the interconnect operable at a fourth frequency different from the first,
second, and third frequencies.

82.  In my opinion, White teaches Claim 1[D].
83. A POSITA would understand that an interconnect to couple the graphics

processing circuitry to a memory 1is referring to a bus (for communicating the data
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representing an image to be displayed) from a memory to the graphics processor
(graphics processing circuitry) in order to render and display the image. Standard
buses, such as AGP (Accelerated Graphics Port) bus have been developed and
widely used to connect graphics processors to memory.

84.  The term memory device appears in the *588 Patent Claims 1 and 20 but not
the specification. The memory system of a computer may include, for example,
memory controller devices and devices such as dynamic random access memory
(DRAM) or static ram (SRAM) devices. The processor and graphics system are
typically connected to a memory controller which then connects to the DRAMs.
Hence both memory controller and DRAM devices are coupled, either directly or
indirectly to the graphics system. In my opinion a POSITA would consider a
memory device to be either a memory controller component or memory component
(DRAM or SRAM) in a memory system. A POSITA would consider a connection
to a memory system to implicitly include coupling to a memory device.

85.  White discloses an “interconnect” to couple the graphics processing circuitry
to a memory device that is operable at a fourth frequency different from the first,
second, and third frequencies. For example, White discloses AGP (accelerated
graphics port) bus 1110, bus bridge 1102, memory bus 1106, and common bridge
logic 110. (White, 6:28-33, 7:1-11; 24:49-54, 25:1-4, 25:21-23, 25:50-55, 26:2-7,

Figures 1 and 8.) White further discloses main memory 1104 and memory
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subsystem 170. (/d., 7:1-7, Figures 1 and 8.) White discloses that “main memory

1104 is coupled to bus bridge 1102 through a memory bus 1106, and a graphics

controller 1108 is coupled to bus bridge 1102 through an AGP bus 1110,” as

depicted in Figure 8:
memory device
main memory
1104
w . s
1106 —
vyl “ 1122
Processor CPU bus bus bridge PClbus 1114+
1100 128 7 102
1110 ~| AGP bus PCl device PCI device secondary bus bridge
r -7 : 11124 1128 1116
| Processor I
I 11002 graphics controller
| | 1108
r= _-I— - ISA device ISAEISA
| L2cache e 120/ bus
Il
iy graphics processing circuitry
FIG. 8

(Id., Figure 8 (annotated); 25:1-4; 25:21-23, 25:50-54; 26:2-5)

86.  White additionally discloses, in Figure 1, coupling logic cores of integrated

circuit 100 (within graphics processing circuitry 1108) and memory subsystem 170

through common bridge logic 110:
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(Id., Figure 1 (annotated), 6:28-33; 7:1-11, 24:50-54; 25:1-23.)

87. The common bridge logic can be a Northbridge, which is a “common
component of many processors and may include separate interfaces to
communicate with and route communication from multiple logic cores of an
integrated circuit to other sub-systems, components or peripherals external to the
integrated circuit.” (White, 2:48-53; see White 4:3-10, 7:46-49, 17:29-32.)

88. A POSITA would understand that “Northbridge” usually refers to one or
more components that interface between the processor bus and memory. In some
systems, the Northbridge includes connections to memory as well as PCI busses,
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and in other systems, that functionality is divided into, e.g., an MCH (memory
controller hub) and ICH (I/O controller hub). The partitioning of this functionality
is an ordinary design choice made in computer system design, and the 588 Patent
claims could incorporate different types of partitioning comprising the claimed
interconnect.

89.  Main memory 1104 is a “memory in which application programs are stored
and from which microprocessor 1100 primarily executes.” (/d., 25:50-55.) It may
be, for example, Dynamic Random Access Memory (DRAM), a plurality of banks
of Synchronous DRAM (SDRAM), Rambus DRAM (RDRAM), or another
suitable memory. (/d.) A POSITA would understand that memory subsystem 170
includes a memory device.

90. Common bridge logic 110 can “operate at a frequency and voltage different
from any particular voltage or frequency at which the individual logic cores may
be currently operating.” (White, 2:65-67, Abstract, 2:45-67, 7:1-22, 7:46-62, 8:10-
26, 9:25-53.)

91. A POSITA would also know that AGP bus operates at a frequency
independent of the frequency of the cores within processors 1100 and graphics
controller 1108. Such operation of AGP buses at frequencies independent from the
frequencies of processing cores and graphics processing units was well-known and

common practice at the time of the *588 Patent’s priority date. For example, as of
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at least as early as 1999, AMD designed an AGP bus operable at standard clock

speed (i.e., frequency) of 66 MHz as well as 2x and 4x clock speeds of 133 MHz

and 266 MHz. (See Ex-1011, 0004, 0009, 0015.)

CPU
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1System Bus ]

{ |

200 MHz, 64 bits
Scaleable to 400 MHz

L |

{ ]

100MHz for PC-100 SDRAM

200MHz for DDR SDRAM
533-800MHz for RDRAM
N 1 z for ; DRAM
- [ l
NorthBridge 66MHz, 32 bits
\ (1x,2x,4x) | .
Graphics
" AGP Bus 1 Device
33MHz, 32 bits
J PCI Bus PCI~
L Devices
SouthBridge |- 5a Bus
1

IDE

|||

USB Serial Printer
Port Port

(See Ex-1011, 0004 (System Block Diagram, annotated).)

92.

A POSITA would also reasonably design a system having a variable AGP

bus frequency that adjusts based on bandwidth demands to ensure that the AGP

bus consumes only as much power as necessary while providing desired

throughput.

93.

(b)

Independent Claim 8

In my opinion, White teaches Claim 8.
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94.  For purposes of this Petition, there are no substantive differences between
Claim 1 and Claim 8, and in my opinion, White teaches Claim 8 for the same
reasons as Claim 1. See supra V.A.1(a) (Ground 1, Claim 1).

95. A redline comparison between Claim 1 and Claim 8 is shown below:

Claim 81

A processessystem comprising:

a system memory:

a plurality of cores coupled to the system memory:

sncluding-a first core of the plurality of cores operable at a first voltage and at a first
frequency, and

a second core of the plurality of cores operable at a second voltage independent of the
first voltage and at a second frequency different from the first frequency;

graphics processing circuitry coupled to the plurality of cores to perform graphics
operations, the graphics processing circuitry independently operable at a third frequency
different from the first frequency and the second frequency; and

an interconnect to couple the graphics processing circuitry to the system memorya
memory-device, the interconnect operable at a fourth frequency different from the first,
second, and third frequencies.

96. Asshown, Claim 8 recites features of a “system memory” (instead of a
“memory device”) and that a “plurality of cores™ is coupled to this system
memory. Within the *588 Patent, the “system memory” in Claim 8 is not
distinguished from the “memory device” of Claim 1, and a POSITA would
understand a “memory device” to include “system memory.” Thus, White
discloses the “system memory” in Claim 8 for the same reasons it discloses the

“memory device” in Claim 1. See supra V.A.1(a) (Ground 1, Claim 1[D]). In
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particular, White discloses that its “processor” includes system memory as memory

subsystem 170 in Figure 1 or “main memory 1104 in Figure 8:
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(White, Figure 1 (annotated)).
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(White, Figure 8 (annotated).)

97.  As can be seen above, White discloses that the “system memory” is coupled
to a plurality of cores. (/d., Figures 1, 8, 2:28-34, 7:1-7, 25:21-23, 25:50-53.) In
particular, White discloses that memory subsystem 170 is coupled to logic cores
120A and 120B through common bridge logic 110. (White, 7:1-7, Figure 1). White
further discloses that main memory 1104 is coupled to the plurality of cores in
processor 1100 (having integrated circuit 100) through memory bus 1106, bridge
bus 1102, CPU bus 1124, and common bridge logic 110. (/d., 7:1-7, 24:37-41,
25:10-14 Figures 1, 8; see also 25:50-53 (explaining that that main memory 1104
contains application programs that microprocessor 1100 executes), 25:16-20.)

(¢) Independent Claim 20

98. Claim 20 is directed to an apparatus and was written in “means-plus-
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function” form to perform the functions of system Claim 1. A redline

comparison between Claim 1 and Claim 20 is shown below:

Claim 201

An precessesapparatus comprising:
a-plurality-of coresinecluding-means for operating a first core eperable-at a first voltage

and at a first frequency while concurrently—and

operating a second core epesable-at a second voltage independent of the first voltage and
at a second frequency different from the first frequency;

epe;a&wﬂs—dae—e;aph*es—pfeeessme—etmm—means for mdependentl} operanmJ a
graphics processorble at a third frequency different from the first frequency and the

second frequency; and

as-interconnect means to couple the graphics processoring esreustsy-to a memory device,
the interconnect means operable at a fourth frequency different from the first, second, and
third frequencies.

99. The “functions” recited in Claim 20 are the same as those recited in Claim 1,
so the analysis below cross-references the prior art analysis for Claim 1.

20[p]: An apparatus comprising:

100. In my opinion, White teaches Claim 20[p]. See supra Section V.A.1(a)
(Ground 1, Claim 1[p]).

101. For example, White discloses a computer processor system that includes
“[m]ultiple logic cores of integrated circuits and processors...” (White, Abstract.)
White also discloses that its “[cJomputer system 1000 and/or integrated circuit

100...may be part of any of various types of devices including...in general any type
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of computing device.” (Id., 24:59-67)
20[A]: means for operating a first core at a first voltage and at a first frequency

while concurrently operating a second core at a second voltage independent of
the first voltage and at a second frequency different from the first frequency;

102. In my opinion, White teaches Claim 20[A].

103. As described above and herein, White discloses power management logic
200, temperature control logic 210, voltage regulator(s) 130, and frequency
regulator(s) 140 configured to operate the first core 120A and second core 120B of
microprocessor 1100 at voltages and frequencies independent and distinct from
each other. (White, 10:11-24, 13:27-43, Figures 2A-2B.) See supra Section
V.A.1(a) (Ground 1, Claim 1[A]-1[B]); see infra V.A.1(d) (Ground 1, Claims 2
and 9). The corresponding structure of the *588 Patent for operating first and
second cores at different and independent frequencies and voltages is power
control unit (PCU) 355/455. See supra Section I1.D (Claim Construction). White
discloses such a PCU, as it discloses power management logic 200, temperature
control logic 210, voltage regulator(s) 130, and frequency regulator(s) 140. (/d.)

20[B]: means for independently operating a graphics processor at a third
frequency different from the first frequency and the second frequency; and

104. In my opinion, White teaches Claim 20[B].
105. As described above and herein, White discloses power management logic
200, temperature control logic 210, voltage regulator(s) 130, and frequency

regulator(s) 140 are configured to operate processing cores 120 of the graphics
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controller 1008 at an independent and distinct voltage and frequency. (White,
10:11-24, 13:27-43, Figures 2A-2B) See supra Section V.A.1(a) (Ground 1, Claim
1[C)); see infra V.A.1(f) (Ground 1, Claims 4 and 11). The corresponding structure
of the 588 Patent for operating a graphics processor at a frequency different from
the frequencies of processing cores is power control unit 355/455. See supra
Section I1.D (Claim Construction). White discloses such a PCU, as it discloses
power management logic 200, temperature control logic 210, voltage regulator(s)
130, and frequency regulator(s) 140.

20[C]: interconnect means to couple the graphics processor to a memory device,

the interconnect means operable at a fourth frequency different from the first,
second, and third frequencies.

106. In my opinion, White teaches Claim 20[C].

107. As described above, White discloses AGP bus 1110, bridge bus 1102,
memory bus 1106, and common bridge logic 110 couple the graphics controller
1108 with main memory 1104 and memory subsystem 170. (White, 2:45-67, 6:28-
33; 7:1-11, 24:50-54; 25:1-23, Figures 1-2B, 8.) See supra Section V.A.1(a)
(Ground 1, Claim 1[D]).

108. The corresponding structure of the *588 Patent for coupling a graphics
processor to a memory device, operable at a different frequency than the
processing cores or graphics processor, is interconnect 315. See supra Section I11.D

(Claim Construction). White discloses such an interconnect, as it discloses is AGP
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bus 1110, bridge bus 1102, memory bus 1106, and common bridge logic 110.

(d) Dependent Claims 2 and 9

The [processor/system] of claim [1/8], further comprising: first power
management circuitry and/or logic to cause the first core to operate at the first
frequency and cause the second core to independently operate at the second

frequency.

109. In my opinion, White teaches Claims 2 and 9.

110. White discloses “power management logic and/or temperature control logic
both of which may be configured to control or adjust the operating frequency
and/or voltage for logic core(s) 120, and possible common bridge logic 110,
according to various embodiments, and as described herein.” (White, 24:41-46; see
also 8:59-9:24,9:25-53,9:54-10:10, 10:11-24, 11:24-55, 11:56-60, 11:61-12:58.)
For example, “power management logic 200 may be configured to adjust the
operating characteristics for one logic core to a lower level than the operating
characteristics of another logic core depending upon the overall power
consumption or depending upon the specific nature of the system.” (/d., 9:25-30;
see also 23:1-7, 3:37-41, 13:7-63.) White’s Figure 2A illustrates power
management logic 200 that causes logic core 120A and logic core 120B to

independently operate at different frequencies through frequency regulator 140:
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(/d., Figure 2A (annotated).)
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core

111. Further, White’s Figure 2B illustrates temperature control logic 200 that

causes logic core 120A and logic core 120B to independently operate at different

frequencies through frequency regulator 140:
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(/d., Figure 2B (annotated); see also 11:61-12:15, 18:9-16, 12:16-37, 12:38-58,

13:7-26, 13:27-43, 13:44-63, 13:64-14:20, 14:21-38.)

112. Thus, a POSITA would understand that either power management logic 200

or temperature control logic 210 is a “first power management circuitry and/or

logic.”

(e)

Dependent Claims 3 and 10

The [processor/system] of claim [1/8], further comprising: a non-core power
domain comprising a cache shared by the plurality of cores.

-52 -

Mercedes Ex-1003
U.S. Patent No. 10,705,588



113. In my opinion, White teaches Claims 3 and 10.

114. White discloses that “microprocessor 1100...may...be coupled to an optional
L2 cache 1128[.]” (White, 25:10-14; see also 25:44-49, 26:28-30.) A POSITA
would understand that an L2 cache is a cache that is shared among processing
cores. L2 cache is within a “non-core power domain” because it “may be separate
from microprocessor 1100, integrated into a cartridge (e.g., slot 1 or slot A) with
microprocessor 1100, or even integrated into a semiconductor substrate with
microprocessor 1100.” (White, 25:44-49.) Further, Figure 8 depicts that
“microprocessor 1100 may include multiple logic cores” that share the L2 cache
(within a “non-core power domain’). A POSITA would understand that processor
1100 may have multiple power domains, meaning that at a given time, its cores
may be operating at several different voltages. The shared L2 cache needs to
operate a some (single) voltage while responding to requests from any of the cores
and could not simultaneously operate at all of the different voltages of the different
cores. Hence the L2 cache must operate at its own voltage that is independent of

the core voltages.
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(White, Figure 8 (annotated), 24:33-34)

() Dependent Claims 4 and 11

The [processor/system] of claim [2/9], further comprising: second power
management circuitry and/or logic to cause the graphics processing circuitry to
operate at the third frequency.

115. In my opinion, White teaches Claims 4 and 11.

116. White discloses circuits containing a power management logic 200 and a
temperature control logic 210 to control the operating frequency of logic core(s).
(Id., 24:41-46, see also 14:32-38.) White discloses a graphics controller 1108 that
includes “one or more multi-core integrated circuits,” wherein “each logic core
within such an integrated circuit may be configured to operate at independent
frequencies and/or voltages, as described herein.” (White, 24:50-54, 8:61-65

(“[PJower management logic 200 may be configured to control the operating
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characteristics, such as the operating voltage and/ or operating frequency, of each
of multiple logic cores 120 of integrated circuit 110.”), 12:41-45.) Accordingly, a
POSITA would understand that White’s power management logic 200 and
temperature control logic 210 are able (e.g., have logic) to independently control
the frequencies of the logic cores of graphics controller 1108. (see, e.g., White
8:59-9:24, 9:25-53, 9:54-10:10, 10:11-24, 11:24-55, 11:56-60, 11:61-12:15, 12:16-
37, 12:38-58, 13:7-26, 13:27-43, 13:44-63, 13:64-14:20, 14:21-38, 18:9-16.) See
supra V.A.1(d) (Ground 1, Claims 2 and 9). Figure 2A discloses that power
management logic 200 controls the logic cores 120A and 120B of graphics

processing circuitry through frequency regulator 140:
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(Id., Figure 2A (annotated).)
117. Figure 2B discloses that temperature control logic 210 controls the
frequency of logic cores 120A and 120B of the graphics processing circuitry

through frequency regulator 140:
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(Id., Figure 2B (annotated).)

(g2) Dependent Claims 7 and 14

The [processor/system] of claim [3/10], further comprising: power management
circuitry and/or logic to cause the non-core power domain to operate at a
different frequency from the first and second frequencies of the first and second
cores, respectively.

118. In my opinion, White teaches Claims 7 and 14.
119. In discussing the common bridge logic 110, White discloses that “the
operating frequency of a controller may be adjusted to be higher than the current

operating frequency of all the logic cores in the processor.” (/d., 4:21-30, see also
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9:36-53 (describing how “power management logic 200 may be configured to
supply higher voltages and/or frequencies to common bridge logic 110 than to the
logic cores™).)

120. A POSITA would recognize that the controller (i.e., common bridge logic
110) is a non-core power domain because it is not a logic core and because it is
operable at a voltage independent of the voltages of the logic cores. (/d., 10:25-35
(“In some embodiments, power for each logic core 120 and/or common bridge
logic 110 may be supplied through circuitry that is isolated from that which
supplies power to the other logic cores within integrated circuit 100. In this
configuration, each logic core 120 and/or common bridge logic 110 may be
operated at an independent voltage level that is different from the voltage levels at
which other logic cores are operated. One or more voltage regulators, such as
voltage regulator 130, may be configured to supply voltage to each logic core 120
and/or common bridge logic 110 at a different level.”).) And a POSITA would
understand that White includes power management circuitry and/or logic, as it can
adjust the operating frequency of the controller. (White, 4:21-30, 9:30-32 (“power
management logic 200 may be configured to adjust the voltages and/or frequencies
supplied to common bridge logic 110”).)

(h) Dependent Claims 15-19

15: The system of claim 8, further comprising a chipset coupled to the plurality
of cores, the chip set comprising a plurality of interfaces to couple the cores to a

-58 - Mercedes Ex-1003
U.S. Patent No. 10,705,588



plurality of I/O devices.

121. In my opinion, White teaches Claim 15.

122. The term chip set appears in Claim 15 of the *588 Patent, but not in the
specification. A POSITA would understand chip set to refer to the integrated
circuit chips sold in conjunction with a family of processor chips. For instance, in
the timeframe of the *588 Patent, a typical motherboard would have a socket for a
processor chip and the rest of the chip set on the motherboard including a North
Bridge to interface the processor to memory and I/O busses (such as PCI or PCI
Express), and a South bridge to interface to lower speed buses (such as ISA) to
support connections to a keyboard and mouse. In my opinion, the bus bridge and
secondary bus bridge disclosed by White are disclosing a chip set as it would be
understood by a POSITA.

123. White discloses “a processor or integrated circuit...includ[ing] separate
interfaces to communicate with and route communication from multiple logic
cores of an integrated circuit to other sub-systems, components, or peripherals
external to the integrated circuit.” (White, 2:45-53.) White’s Figure 8 further
discloses that microprocessor 1100 (which includes multiple cores) is coupled
through CPU bus 1124 to chipset bus bridge 1102, which “provide[s] and interface
between microprocessor 1100...graphics controller 1108[] and devices attached to

PCl bus 1114.” (1d., 25:21-23, see also 25:1-31.):
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(White, Figure 8 (annotated), see generally 24:30-26:30.)

124. Bus bridge 1102 is further coupled by PCI bus 1114 to secondary bus bridge

1116 that is coupled to ISA/EISA3 bus 1120. (Id., 25:7-10, Figure 8.) PCI bus

3 A POSITA would understand that ISA (Industry Standard Architecture) was a

bus used in the original IBM PC to connect to I/O bus cards. EISA (Extended

Industry Standard Architecture) was a later extension in bus width to provide

greater performance. Even later, the PCI bus (Peripheral Component Interconnect)

surpassed EISA and became a dominate industry standard. When the performance

of the PCI bus surpassed both ISA and EISA, many systems retained one or more

- 60 -

Mercedes Ex-1003
U.S. Patent No. 10,705,588



1114, secondary bus bridge 1116, and ISA/EISA bus 1120 can be coupled with
various I/O devices. (/d., Figure 8.) White’s disclosure of bus bridge 1102, PCI bus
1114, secondary bus bridge 1118, and ISA/EISA bus 1120 is a disclosure of a
“chipset” because these components manage the flow of data between the
processor and peripherals. (see also 25:21-23.)

16: The system of claim 15, wherein one of the 1/0 devices comprises an audio
generation device.

125. In my opinion, White teaches Claim 16.

126. As shown in Figure 8 (annotated above), White discloses “PCI devices
1112A-1112B [that] are illustrative of a variety of peripheral devices such
as...audio cards...and telephony cards,” (White, 25:56-60), and “ISA device 1118
[that] 1s illustrative of various types of peripheral devices such as a...sound card[.]”
(White, 25:60-62.) White’s disclosed audio cards, telephony cards, and sound
cards are “audio generation devices” because they are capable of generating audio
signals.

17: The system of claim 16, wherein one of the 1/0 devices comprises a video
rendering device.

127. In my opinion, White teaches Claim 17.

of the slower/cheaper buses for connections where high performance was not

required (e.g. for keyboard and mouse connections).
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128. As shown in Figure 8 (annotated above), White discloses “PCI devices
1112A-1112B [that] are illustrative of a variety of peripheral devices such
as...video accelerators” and a “display 1126 that renders text and images. (White,
25:56-60, 64-65.) “Display 1126 is any electronic display upon which an image or
text can be presented. A suitable display 1126 includes a cathode ray tube (‘CRT’),
a liquid crystal display (‘LCD”), etc.” (Id., 26:12-15.) White’s disclosed video
accelerators and display are “video rendering devices” because they render video.
129. A POSITA would understand that White’s disclosure of “video accelerators”
to include expansion cards that improve a computer’s video or graphics processing
capabilities. “Video accelerator” was previously a common term to describe such

devices, but it has been phased out as computers’ graphics capabilities have

99 ¢¢ 99 ¢¢

improved, with “graphics controller,” “graphics card,” “graphics accelerator,” or
“graphics processing unit” being more frequently used terms for such devices.

18: The system of claim 17, wherein one of the 1/0 devices comprises a user
input device.

130. In my opinion, White teaches Claim 18.

131. As shown in Figure 8 (annotated above), White discloses keyboard and
mouse 1122 coupled with secondary bud bridge 1116. (See also White, 25: 34-38
(“’An input/output controller (not shown), either external from or integrated with
secondary Bus Bridge 1116, may also be included within computer system 1100 to

provide operational support for a keyboard and mouse 1122.).) White also
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discloses “PCI devices 1112A-1112B [that] are illustrative of a variety of
peripheral devices such as...floppy disk drives[.]” (White, 25:56-58.) Such
keyboards, mice, and floppy disk drives are user input devices because they enable
user input to the system.

19: The system of claim 18, wherein one of the I/0 devices comprises a network
communication device.

132. In my opinion, White teaches Claim 19.

133. As shown in Figure 8 (annotated above), White discloses “PCI devices
1112A-1112B [that] are illustrative of a variety of peripheral devices such as
network interface cards...and telephony cards,” (White, 25:56-60), and “ISA device
1118 [that] is illustrative of various types of peripheral devices such as a modem,”
(id., 25:60-62; see also 24:65-66.) White’s network interface cards, telephony
cards, and modems are each a “network communication device” because they
enable communication over a network.

2. Ground 2: Claims 5-6 and 12-13 are obvious over White in
view of Shakkarwar

(a) Dependent Claims 5 and 12

The [processor/system] of claim [4/11], wherein the second power management
circuitry and/or logic includes a mapping of selectable frequencies of the
graphics processing circuitry to selectable frequencies of the interconnect.

134. In my opinion, White in view of Shakkarwar teaches Claims 5 and 12.
135. As explained above, White discloses both graphics processing circuitry and

an interconnect. See supra Section V.A.1(a) (Ground 1, Claim 1[C]-1[D]).
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Additionally, White discloses a second power management circuitry and/or logic.
See supra Section V.A.1(f) (Ground 1, Claims 4 and 11). White in view of
Shakkarwar further teaches that this power management circuitry can include a
mapping of selectable frequencies of the graphics processing circuitry to selectable
frequencies of the interconnect.

136. Shakkarwar’s dynamic power management system includes data controller
302 connected to graphics controller 305 through data connection 314, as

illustrated in Figure 3:

2\
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SYSTEM
PROCESSOR AL
301
t a0 3
DATA

CONTROLLER
m ——
312
320
r COMMUNICATIONS
MODUtEINIC
_________________ N — P
ARAI.[EL’ oK
P °RT CONTROLLER
316
' usa PORT
— e e _]
321
PRINTER
— I FIG. 3
T S i Y
GAME KEYBOARD/ ["STORAGE |
CONTROLLER | ¢ MOUSE DEVICE
308 309 | 310 |
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(Shakkarwar, Figure 3.)

137. Data controller 302 connects graphics controller 305 and other components
within Shakkarwar to each other and to system memory 303. (Shakkarwar, 5:10-
15, Fig. 4.) Graphics controller 305 includes a “3-D engine 305¢” and performs “3-
D graphics operations....” (/d., 6:7-16.) A POSITA would have understood that
data controller 302 and data connection 314 are an “interconnect,” and the
“graphics controller 305” is “graphics processing circuitry.

138. ”’Shakkarwar also maps selectable frequencies of the graphics processing
circuitry to selectable frequencies of the interconnect in a look-up table.
(Shakkarwar, 7:5-10.) At step 401 (shown below), Shakkarwar monitors
“bandwidth for a component,” such as the interconnect or graphics processing
circuitry, for “increasing or decreasing communication requirements.”
(Shakkarwar, 6:41-43.) For example, “when an application that is known to use 3-
D graphics is opened, system software can determine if the bus rate between the
data controller [the ‘interconnect’] and the graphics controller [the ‘graphics
processing circuitry’] is high enough to support the graphics requirements.” (/d.,
6:49-52; see also 7:5-10 (describing determining data connection bandwidth 403
(i.e., clock speeds/frequencies) required to process information for specific
devices/groups of devices).)

139. At step 402, the system detects “a change in processing condition[s]” for a
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specific component, and upon detecting a change, it “determines bandwidth 403
for an associated data connection based on the active components.” (Shakkarwar,
6:63-7:7; see also 7:7-10 (explaining that bandwidth can be determined with a
look-up table containing “a list of clock speeds...required to process information
for specific devices and/or groups of devices”).) To determine the appropriate
bandwidth for a data connection, Shakkarwar utilizes “a look-up table [that] may
include a list of clock speeds, and/or voltage levels required to process
information for specific devices and/or groups of devices.” (1d., 7:7-10.) Figure 4

illustrates this process:

- 66 - Mercedes Ex-1003
U.S. Patent No. 10,705,588



400

BEGIN

401
L

MONITOR
SYSTEM

—& ™| PROCESSING

CONDITIONS

‘[402

DETECT
CHANGE IN
PROCESSING
CONDITIONS

Va0

. DETERMINE DESIRED |
CHARACTERISTIC
| BASED ON CHANGE |

40 FIG. 4
ADJUST

CHARACTERISTIC

NO

405
L
CHANGE

CHARACTERISTIC

(Id., Fig. 4.)
140. Shakkarwar thus teaches determining the appropriate bandwidth for a data

connection to a module (e.g., graphics controller 305), utilizing a look-up table that

includes a list of appropriate clock speeds®. (Id., 7:5-10) It also considers other

* A POSITA would understand that Shakkarwar’s “clock speed” is another term for
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active components, such as the data controller 302 (e.g., the “interconnect”) and its
clock speeds. (White, 7:5-10) As such, a POSITA would have understood that
Shakkarwar teaches to map selectable frequencies of the graphics processing
circuitry to selectable frequencies of the interconnect using look-up tables.

141. A POSITA would have been motivated to implement these teachings of
Shakkarwar, such as a look-up table, in White for the reasons described below in
Section 144 (Rationales to Combine White and Shakkarwar), including because
Shakkarwar teaches that an advantage to its system is that it dynamically
“manag[es] power consumption of electronic devices while satisfying bandwidth
requirements for communicating and/or processing information.” (Shakkarwar,
2:34-39.) A POSITA would have been motivated to include this advantage in

White’s power management logic 200 and/or temperature control logic 210 to

“clock frequency.” A subsystem, such as a processor core has a clock signal
delivered to various components to control the speed of operation. In this context,

29 ¢¢

“frequency,” “clock frequency” and “clock rate” are synonymous. Bandwidth is
the product of frequency and the width of the connection. Sending 16 bits (2
bytes) at a frequency of 1 MHz is a bandwidth of 2 MB/s (Mega-Bytes per

Second). With a fixed width connection, bandwidth increases in direct proportion

to frequency.
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improve responsiveness and increase the ability of the system to respond to
dynamically changing conditions, including the changing bandwidth requirements
of White’s components during various activity states.

(b) Dependent Claims 6 and 13

The [processor/system] of claim [5/12], wherein the second power management
circuitry and/or logic is to select the fourth frequency for the interconnect based
on detecting operation of the graphics processing circuitry at the third

frequency.

142. In my opinion, White in view of Shakkarwar teaches Claims 6 and 13.

143. As explained above, White in view of Shakkarwar disclose second power
management circuitry that determines bandwidth for an associated data connection
based on the other active components by using a look-up table of clock speeds
required to process information for specific devices. See supra Section V.A.2(a)
(Ground 2, Claims 5 and 12). Shakkarwar further discloses that “[a]t step 405, the
data rate of a data connection is adjusted. In one embodiment, the data rate can be
adjusted by adjusting operating of a clock generation device.” (Shakkarwar, 7:26-
29.) A POSITA would understand that the adjustment of a clock generation device
means adjusting the frequency of the clock. Figure 4 illustrates adjusting the data

rate of a data connection:
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(ld., Fig. 4.)

144. Shakkarwar also specifically discloses selecting “the fourth frequency for
the interconnect based on detecting operation of the graphics processing circuitry
at the third frequency.” Shakkarwar discloses that “when an application that is
known to use 3-D graphics is opened, system software can determine if the bus
rate between the data controller [e.g., “interconnect’| and the graphics

controller [e.g., “graphics processing circuitry”] is high enough to support the
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graphics requirements.” (Shakkarwar, 6:49-52 (emphasis added); see also
Shakkarwar 7:5-10 (describing determining data connection bandwidth 403 (i.e.,
clock speeds/frequencies) required to process information for specific
devices/groups of devices).) A POSITA would have understood that by applying
these teachings from Shakkarwar to White, the fourth frequency for the
interconnect would be selected based on detecting the third frequency of the
graphics processing circuitry.

(¢) Combining White’s and Shakkarwar’s teachings
would have been obvious to a POSITA.

145. In addition to the reasons set forth above, combining the teachings of White
and Shakkarwar would have been obvious to a POSITA, a POSITA would have
been motivated to do so, and a POSITA would have had a reasonable expectation
of success in doing so because each relates to the same well-known technologies.
Both relate to and describe similar methods for optimizing performance between
multiple components within a computer system. (White, Abstract; Shakkarwar,
Abstract.) White discloses a “[s]ystem and method for operating components of an
integrated circuit at independent frequencies and/or voltages.” (White, Title.)

146. White discloses a system wherein the “operating frequency and/or voltage of
a logic core may be independently adjusted for various reasons, including power
management and temperature control.” (/d., Abstract.) White discloses adjusting

the frequency of common bridge logic 110 to account for the new operating
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frequency of the logic cores and ensure compatibility. (White, Figures 4-7; 23:59-
24:6, 17:29-18:8, 20:39-57.) White further discloses that its power management
logic can “determine a new operating voltage using various methods, such as an
algorithm or a look up table of compatible pairs of voltage and frequencies.” (/d.,
10:61-11:2, 16:57-17:15, 19:35-42.)

147. Similarly, Shakkarwar relates to the “efficient use of electronic devices and,
more particularly, to systems and methods for power management of electronic
devices.” (Shakkarwar, 1:8-10.) Shakkarwar discloses “[s]ystems and methods for
dynamic power management of electronic devices” so that “power consumption of
the system may be dynamically managed while providing sufficient bandwidth for
the system.” (Shakkarwar, Abstract.) Shakkarwar dynamically manages power by
monitoring a component’s “bandwidth...for increasing or decreasing
communication requirements.” (/d., 6:41-43.) The system then detects “a change in
processing condition[s]” for a component, and upon detecting a change,
“determines bandwidth 403 for an associated data connection based on the active
components.” (Id., 6:63-7:7; see also 7:7-10 (explaining that bandwidth can be
determined with a look-up table containing “a list of clock speeds...required to
process information for specific devices and/or groups of devices™).) The data rate
“of a data connection is [then] adjusted,” including by adjusting a clock frequency

or voltage, to reach optimal performance levels. (1d., 7:26-29.) In this manner,
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“power consumption associated with communicating and processing information
via data buses may be optimized while satisfying bandwidth requirements for the
computer system.” (Id., 3:17-20; see also 2:12-15, Claim 21.)

148. A POSITA would have been motivated to combine the teachings of White in
view of Shakkarwar because she would have recognized the predictable benefit of
implementing the known technique of a look-up table for dynamically managing
power, such as taught by Shakkarwar, to optimize performance of components
within a processor as taught by White. As noted, Shakkarwar teaches that an
advantage to its system is that it dynamically “manag[es] power consumption of
electronic devices while [also] satisfying bandwidth requirements for
communicating and/or processing information.” (Shakkarwar, 2:34-39.) By using a
lookup table, Shakkarwar additionally teaches “determin[ing] bandwidth 403 for
an associated data connection based on the active components,” “[u]pon detecting
a change in processing.” (Id. 7:5-7.) Shakkarwar thereby implements White’s
suggested step of adjusting common bridge logic to operate at a frequency that is
compatible with the frequency of a given logic core, such as the frequency in
graphics circuitry. (See White, Figures 4-7; 23:59-24:6, 17:29-18:8, 20:39-57.)
White already discloses using lookup tables in its power management methods,
(White, 10:61-11:2, 16:57-17:15, 19:35-42,) so a POSITA would be motivated to

use and find it obvious to try such tables to choose map selectable frequencies of
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graphics controller 1108 to selectable frequencies of the common bridge logic 110.
149. A POSITA would also have had a reasonable expectation of success in
combining the teachings of White in view of Shakkarwar. A POSITA would have
understood that these references disclose interrelated teachings based on routine
technologies that would have been amenable to various well-understood and
predictable combinations, as explained below. (/d.) The teachings of Shakkarwar
are compatible and incorporating such teachings into White would be well within
the expertise of a POSITA using known methods for fabricating computer systems.
(1d.)

B. Grounds based on Nussbaum

150. Nussbaum was filed July 24, 2009, and published on January 27, 2011.
Nussbaum is prior art under at least pre-AIA 35 U.S.C. §§ 102(a) and (e).

151. Nussbaum discloses “Determining Performance Sensitivities of
Computational Units,” (Nussbaum, Title), in addition to an integrated circuit
including a plurality of computational units and control logic to determine such
performance sensitivities, (id., [0007]). Nussbaum discloses an exemplary System
on a Chip (SOC) 100 integrated circuit to implement its disclosed method. (/d.,
[0020].) SOC 100 is shown in Fig. 1, which includes multiple CPU processing
cores 101, a Graphics Processing Unit (GPU) 103, an I/O Bridge (South-Bridge)

105, and a North-Bridge 107:
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: (500) second|core
first core
\\
Core 0 Core 1 oo Core N
101 101] 101
N
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!
/0 Graphics Processing Unit
Bridge (GPU)
105 103
e \E 1

e [ J ,
o graphics processing circuitry <Ll
Fla. 1

(/d., Fig. 1, [0020], [0035].)

152. Nussbaum discloses independently adjusting the frequency and voltage of
SOC components to improve performance while remaining below the SOC’s
Thermal Design Point (TDP), which is the threshold of power that the SOC can
consume. (/d., [0021]-[0024].) Nussbaum accomplishes this by allocating power
(thereby increasing operational parameters frequency and voltage) to CPU or GPU

cores that will yield the largest performance improvement for the given task from
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the additional power (i.e., to the cores that are the “most sensitive” to the boosted
power). (Id., [0024]-[0025], [0032].)

1. Ground 3: Claims 1-4, 7-11, and 14-20 are anticipated or
obvious over Nussbaum

(a) Independent Claim 1

153. In my opinion, Nussbaum teaches Claim 1.

1[p]: A processor comprising:

154. In my opinion, Nussbaum discloses loses Claim 1[p].

155. Nussbaum discloses a System on Chip (SOC) that “includes multiple CPU
processing cores 101, a GPU (Graphics Processing Unit) 103, an I/O Bridge 105
(named South-Bridge in some embodiments) and a North-Bridge 107 (which may
be combined with the Memory Controller in some embodiments).” (Nussbaum,
[0020].) As can be seen, the “processor” of Figure 1 includes, among other
components, SOC 100, Core 0 101, Core 1 101, power allocation control 109,
North-Bridge & Memory Controller 107, I/O Bridge 105, GPU 103, dynamic

random-access memory (DRAM), and performance analysis control logic 111:
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(Id., Figure 1, [0020].)

1[A]: a plurality of cores including a first core operable at a first voltage and at a
first frequency, and

156. In my opinion, Nussbaum teaches Claim 1[A].
157. Nussbaum discloses that the processor includes a plurality of cores, and in

particular “multiple CPU processing cores 101,” among which power may be
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selectively distributed “based on frequency sensitivity [to] allow[] for overall
greater system throughput.” (Nussbaum, [0019], [0020].) Specifically, Nussbaum

discloses a first core in Figure 1, showing Core 0 101 within SOC 100:

System On Chip 100
) (S0C)
first core
N
S~
Core 0 Core 1 Core N
101 101] 101
1 /-
111 AN \ T NN AU
Py " North-Bridge & DRAM
Performance Power Memory Controller | >
Analysis e Allocation
Control Control 109
p 107
/0 Graphics Processing Unit
Bridge (GPU)
105 103
TR

FlG. 1

(Id., Figure 1 (annotated).)
158. Nussbaum discloses that a “particular processor core may be in one of N
performance states. A performance state is characterized by a unique pair of core

voltage and frequency values.” (/d., [0033].) Seven exemplary performance states
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are described in Table 3:

TABLE 3
Core Power (dynamic and
Performance Operational static) consumed
States point (E, V) in this point Remarks
P-boost F-boost/V- CoreBoostPwr Boost point.
boost Power budget
of the Core has
been exceeded
PO FO/VO Core_ Pwr0 Core Power
Pl F1/V1 Core__Pwrl Budget
P2 F2/V2 Core__Pwr2
P3 F3/V3 Core_ Pwr3
Idle Clocks Core__Idle_ Pwr
Off'Low
voltage
Deep Cstate Clocks Core_ DeepCstate. Pwr  Core is either

Off’Power Off

power gated or
deep voltage is
applied

(Id., Table 3, [0033].)

159. The seven listed performance states correspond to possible operational

points of Core 0 having different frequencies (ranging from idle to F-Boost) and

voltages (ranging from powered off to V-boost). (/d.) Additionally, Nussbaum

discloses that the first core, Core 0, can be allocated a power budget of 8 W, 16.75

W, or 25.5 W and operate at a frequency or voltage that meets that budget. (/d.,

[0021]-[0024], Tables 1-2.) Thus, Core 0 is a “first core,” and as Nussbaum

discloses, the particular voltage and frequency at which this core operates would be

a first voltage and first frequency, for example FO and VO. (/d.)
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1/[B]: a second core operable at a second voltage independent of the first voltage

and at a second frequency different from the first frequency;

160. In my opinion, Nussbaum teaches Claim 1[B].

161.

Because Nussbaum discloses use of a plurality of logic cores, the “multiple

CPU processing cores 101,” it discloses “a second core.” (Nussbaum, [0019],

[0020].) Specifically, Nussbaum discloses a second core in Figure 1, showing Core

1 through Core

N within SOC 100:

first core
N

System On Chip
(50C)

100

second

4——""_———-

core

DRAM

S~
Core 0 Core 1 o Core N
101} 101, 101
N /
1 \ North-Bridge &
Performance Power Memory Controller
Analysis |e Allocation
Control Control 109
el 107
/0 Graphics Processing Unit
Bridge (GPU)
105 103
5[5z

FlG. 1

(Id., Figure 1 (annotated); id., [0019], [0020].)

- 80 -

Mercedes Ex-1003

U.S. Patent No. 10,705,588



162. As with Core 0, Nussbaum discloses that Core 1 through Core N can operate

at one of “N performance states,” corresponding to the seven states shown in Table

3:
TABLE 3
Core Power (dynamic and
Performance Operational static) consumed
States point (E, V) in this point Remarks
P-boost F-boost/V- CoreBoostPwr Boost point.
boost Power budget
of the Core has
been exceeded
PO FO/VO Core_ Pwr0 Core Power
P1 F1/V1 Core__Pwrl Budget
P2 F2/V2 Core__Pwr2
P3 F3/V3 Core Pwr3
Idle Clocks Core__Idle_ Pwr
Off’Low
voltage
Deep Cstate Clocks Core_ DeepCstate. Pwr  Core is either
Off’Power Off power gated or
deep voltage is
applied

(Id., Table 3, [0033].)

163. The seven listed performance states correspond to possible operational
points of Core 1 through Core N having different frequencies (ranging from idle to
F-Boost) and voltages (ranging from powered off to V-boost). (/d.) Additionally,
Nussbaum discloses that the second core, Core 1 through Core ,N can be allocated
a power budget of 0.5 W, 8 W, or 16.75 W each and operate at a frequency or

voltage that meets that budget. (/d., [0021]-[0024], Tables 1-2.) Thus, one of Core
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1 through Core N is a “second core,” and as Nussbaum discloses, the particular
voltage and frequency at which this core operates would be a second voltage and
second frequency, for example F1 and V1. (/d.)

1[C]J: graphics processing circuitry coupled to the plurality of cores to perform
graphics operations, the graphics processing circuitry independently operable at
a third frequency different from the first frequency and the second frequency;
and

164. In my opinion, Nussbaum teaches Claim 1[C].

165. Nussbaum discloses that the SOC 100 may include “graphics processing
circuitry” GPU 103. (Nussbaum, [0020].) GPU 103 is circuitry that performs
graphics processing and operations that may, for example, interface with a graphics
driver, graphics-related engine, or display. (/d., [0034], Figure 1.)

166. As shown in Figure 1, GPU 103 is coupled to the plurality of cores—the

aforementioned first and second cores such as Core 0 and Core 1 in SOC 100—

through North-Bridge & Memory Controller 107:
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(Id., Figure 1 (annotated) [0020].)
167. Nussbaum discloses that the GPU may operate in one of four performance

states as shown in Table 4:
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TABLE 4

GPU GPU Power (dynamic
Performance and static) consumed
States in this point
GPU-boost GPUBoostPwr
GPU__PO GPU__ Pwr0
GPU__PI GPU__ Pwrl

GPU P2 GPU Pwr2
GPU__P3 GPU__Pwr3

(Id., Table 4, [0034].)

168. Each of these performance states refers to a pair of “voltage and frequency
values.” (Id., [0033].) Additionally, Nussbaum discloses that GPU 103 can receive
a power budget of 2.5 W or 5 W and operate at a frequency or voltage that meets
that budget. (/d., [0022]-[0023], Tables 1-2.)

169. Nusbaum further discloses throttling or boosting GPU performance
compared to CPU cores depending on whether the SOC is executing a GPU-
bounded or CPU-bounded application, which can be identified based on GPU and
CPU utilization. (/d., [0044]-[0049].) And the GPU and CPU cores may
alternatively both be boosted by reallocation of the I/O module’s and memory
controller’s unused power budget. (/d., [0035].)

170. Thus, GPU 103 may operate at an independent third frequency that is
different from the first and second frequencies of the first and second cores,
respectively.
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1[D]: an interconnect to couple the graphics processing circuitry to a memory
device, the interconnect operable at a fourth frequency different from the first,
second, and third frequencies.

171. In my opinion, Nussbaum teaches Claim 1[D].

172. Nussbaum discloses an interconnect, North-Bridge & Memory Controller
107, which couples the graphics processing circuitry—GPU 103—to a memory

device, namely dynamic random-access memory (DRAM). (Nussbaum, Figure 1;

[0020], [0049].) Figure 1 illustrates this coupling:

System On Chip 100
(S0C)
Core 0 Core 1 Core N
101 101] 101

N\ /.

LU North-Bridge & DRAM

Performance Power Memory Controller |
Analysis e Allocation
Control Control 109
7 1 107
: 1
/0 Graphics Processing Unit system memory
Bridge (GPU)
105 103
e I -
\?‘...: 4 I >
o« graphics processing circuitry <L
FlG. 1
(/d., Figure 1 (annotated); [0020].)
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173. A POSITA would understand that the North-Bridge & Memory Controller
107 1s therefore “an interconnect to couple the graphics processing circuitry to a
memory device.”

174. Nussbaum further discloses that the North-Bridge & Memory Controller 107
can be independently throttled or boosted to operate at a higher or lower frequency
depending on whether its power is being reallocated to another component, such as
the CPU cores or GPU. (/d., [0035] (explaining that “the memory controller may
contribute to the boosting process of the cores or the GPU by reallocating its
‘unused’ power budget to these components” and “the memory controller may be
boosted as well by transitioning the Dynamic Random Access Memory (DRAM)
and its own frequency to a higher operational point”); see also [0023], Tables 1-2
(describing Memory Controller power budget of 2 W).)

175. A POSITA would understand that the power of a DRAM increases with
higher frequency (a higher operational point). When a DRAM operates faster, the
interconnect to memory must send or receive its data at a higher rate. Memory
systems are typically designed such that the width of connection to memory cannot
be dynamically changed, hence a change in the DRAM frequency necessarily
means changing the frequency of sending or receiving data to the DRAM. Thus,
the higher or lower frequencies of North-Bridge & Memory Controller 107 control

the interconnect from the graphics processor to memory to be operable at a
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(fourth) frequency different from the first, second, and third frequencies.

(b) Independent Claim 8

176. In my opinion, Nussbaum teaches Claim 8.

177. For purposes of this Petition, there are no substantive differences between
Claim 1 and Claim 8, and in my opinion, Nussbaum teaches Claim 8 for the same
reasons as Claim 1. See supra V.B.1(a) (Ground 3, Claim 1).

178. A redline comparison between Claim 1 and Claim 8 is shown below:

Claim 81

A processessystem comprising:

a system memory:;

a plurality of cores coupled to the system memory;

sneludinga first core of the plurality of cores operable at a first voltage and at a first
frequency, and

a second core of the plurality of cores operable at a second voltage independent of the
first voltage and at a second frequency different from the first frequency;

graphics processing circuitry coupled to the plurality of cores to perform graphics
operations, the graphics processing circuitry independently operable at a third frequency
different from the first frequency and the second frequency; and

an interconnect to couple the graphics processing circuitry to the system memorya
memory-device, the interconnect operable at a fourth frequency different from the first,
second, and third frequencies.

179. As shown, Claim 8 recites features of a “system memory” (instead of a
“memory device”) and that a “plurality of cores” is coupled to this system
memory. Within the 588 Patent, the “system memory” in Claim 8 is not

distinguished from the “memory device” recited in Claim 1, and a POSITA would
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understand a “memory device” to include “system memory.” Thus, Nussbaum

discloses the “system memory” in Claim 8 for the same reasons it discloses the

“memory device” in Claim 1. See supra V.B.1(a) (Ground 3, Claim 1[D]). In

particular, Nussbaum discloses that its “processor” includes system memory in the

form of DRAM. (Nussbaum, Figures 1, [0035], [0049].)

first core
~

System On Chip

(S0C)

100

second|core

/

Core 0 Core 1 * Core N
101 101 101
N /7
JuY N North-Bridge & DRAM
Performance Power Memory Controller
Analysis e Allocation
Control Control 109
7 1 107
: 1
/0 Graphics Processing Unit system memory
Bridge (GPU)
105 103
e

FlG. 1

(Nussbaum, Figure 1 (annotated).)

L]
pn

180. As can be seen in Figure 1 above, Nussbaum also discloses that the DRAM
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(“system memory”) is coupled to a plurality of cores. (/d., Figure 1) In particular,
DRAM is coupled to Core 0 and Core 1 through North-Bridge &Memory
Controller 107. (Nussbaum, Figure 1.) Nussbaum further discloses that software
executed by the cores is stored in the memory of Figure 1, which includes the
disclosed DRAM. (/d., Figure 1, [0043])

(¢c) Independent Claim 20

181. Claim 20 is directed to an apparatus and was written in “means-plus-
function” form to perform the functions of system Claim 1. A redline

comparison between Claim 1 and Claim 20 is shown below:

Claim 201

An precessesapparatus comprising:
a-plurality-of coresincluding-means for operating a first core eperable-at a first voltage

and at a first frequency while concurrently—and

operating a second core epesable-at a second voltage independent of the first voltage and
at a second frequency different from the first frequency;

epe;a&w&s—dae—e;aph*es—pfeeessme—afeum—means for mdependentl} operatm<J a
graphics processorble at a third frequency different from the first frequency and the

second frequency; and

as-interconnect means to couple the graphics processoring esreusts-to a memory device,
the interconnect means operable at a fourth frequency different from the first, second, and

third frequencies.

182. The “functions” recited in Claim 20 are the same as those recited in Claim 1,
so the analysis below cross-references the prior art analysis for Claim 1.

20[p]: An apparatus comprising:
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183. In my opinion, Nussbaum teaches Claim 20[p].

184. For the reasons below and the reasons provided in Section V.B.1(a) (Ground
3, Claim 1[p]), Nussbaum discloses an apparatus. For example, Nussbaum
discloses System on a Chip (SOC) 100 having “multiple CPU processing cores
101, a GPU (Graphics Processing Unit) 103, an I/O Bridge 105 (named South-
Bridge in some embodiments)[,] a North-Bridge 107 (which may be combined
with the Memory Controller in some embodiments)[,]” DRAM, and a “power
allocation controller 109.” (Nussbaum, [0020], Figure 1.)

20[A]: means for operating a first core at a first voltage and at a first frequency
while concurrently operating a second core at a second voltage independent of
the first voltage and at a second frequency different from the first frequency;
185. In my opinion, Nussbaum teaches Claim 20[A].

186. As described above and herein, Nussbaum discloses power allocation
control 109 configured to operate Core 0 and Core 1 at independent and distinct
voltages and frequencies. (Nussbaum, [0020], [0039]-[0041], [0047], Figures 1, 5-
6.) See supra Section V.B.1(a) (Ground 3, Claim 1[A]-1[B]); see infra Section
V.B.1(d) (Ground 3, Claims 2 and 9). The corresponding structure of the *588
Patent for operating first and second cores at different and independent frequencies
and voltages is power control unit (PCU) 355/455. See supra Section I1.D (Claim

Construction). Nussbaum discloses such a PCU, as it discloses power allocation

control 109. (1d.).
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20[B]: means for independently operating a graphics processor at a third
frequency different from the first frequency and the second frequency; and

187. In my opinion, Nussbaum teaches Claim 20[B].

188. As described above and herein, Nussbaum discloses power allocation
control 109, graphics driver, and hardware tracking GPU activity to operate GPU
103 at an independent and distinct voltage and frequency. (Nussbaum, [0020],
[0034], [0039]-[0041], [0047], Figures 1, 5-6.) See supra Section V.B.1(a)
(Ground 3, Claim 1[C]); see infra Section V.B.1(f) (Ground 3, Claims 4 and 11).
The corresponding structure of the 588 Patent for operating a graphics processor
at a frequency different from the frequencies of processing cores is power control
unit (PCU) 355/455. See supra Section I1.D (Claim Construction). Nussbaum
discloses such a PCU because it discloses power allocation control 109, graphics
driver, and hardware tracking GPU activity. (/d.)

20[C]: interconnect means to couple the graphics processor to a memory device,
the interconnect means operable at a fourth frequency different from the first,
second, and third frequencies.

189. In my opinion, Nussbaum teaches Claim 20[C].

190. As described above, Nussbaum discloses North-Bridge & Memory
Controller 107 that couples GPU 103 with DRAM and is operable at a fourth
frequency different from the first, second, and third frequencies. (Nussbaum,

Figure 1, [0020], [0035]-[0036], Tables 1-2.) See supra Section V.B.1(a) (Ground

3, Claim 1[D]). The corresponding structure of the *588 Patent for coupling a
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graphics processor to a memory device, operable at a different frequency than the
processing cores or graphics processor, is interconnect 315. See supra Section I11.D
(Claim Construction). Nussbaum discloses such an interconnect, as it discloses
North-Bridge & Memory Controller 107. (/d.)

(d) Dependent Claims 2 and 9

The [processor/system] of claim [1/8], further comprising: first power
management circuitry and/or logic to cause the first core to operate at the first
frequency and cause the second core to independently operate at the second

frequency.

191. In my opinion, Nussbaum teaches Claims 2 and 9.

192. As discussed, Nussbaum discloses that processing cores 101 can operate at
different voltages and frequencies, providing exemplary operational points and
power allocations. See supra Section V.B.1(a) (Ground 3, Claim 1[A]-1[B]).
Nussbaum discloses that this is accomplished via “power management circuity” in
the form of power allocation controller 109, which controls the frequency and
voltage of cores 101 by allocating power among components of SOC 100.
(Nussbaum, [0020], [0024], [0033], [0039]-[0041], [0047], Tables 1-3, Figures 1,
5-6.) Nussbaum’s Figure 1 illustrates power allocation control 109 that causes

Core 0 and Core 1 to independently operate at such different frequencies:
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System On Chip 100
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(Id., Figure 1 (annotated); see also Figures 5-6, [0020], [0039]-[0041].)

(e) Dependent Claims 3 and 10

The [processor/system] of claim [1/8], further comprising: a non-core power
domain comprising a cache shared by the plurality of cores.

193. In my opinion, Nussbaum teaches Claims 3 and 10.

194. Nussbaum discloses System on a Chip (SOC) 100 having multiple CPU
processing cores 101, GPU 103, I/O Bridge 105, and North-Bridge & Memory
Controller 107. (Nussbaum, [0020], Figure 1, Tables 1-2.) A POSITA would
understand that such a system on a chip would include a last level cache shared by

multiple processing cores. Nussbaum moreover explicitly discloses that “[c]hanges
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in performance capability may also be provided by, e.g., a change in the amount of
cache available to a core.” (Nussbaum, [0025] (emphasis added), see also [0047]
(discussing “the amount of cache available to a core”), Claim 2 (describing change
in “cache size” for a core).) Thus, A POSITA would understand Nussbaum to
disclose a cache that is shared by the plurality of processing cores that is part of a
non-core power domain.

(f) Dependent Claims 4 and 11
The [processor/system] of claim [2/9], further comprising: second power
management circuitry and/or logic to cause the graphics processing circuitry to
operate at the third frequency.
195. In my opinion, Nussbaum teaches Claims 4 and 11.
196. Nussbaum discloses that SOC 100 of Figure 1 includes “power allocation
control 109.” (Nussbaum, [0020], [0039]-[0041], [0047], Figures 1, 5-6.)
Nussbaum further discloses that “GPU Power state is...controlled by software (the
graphics driver)...[or] by hardware tracking the GPU activity and receiving
information from other graphic-related engines (Unified Video Decoder (UVD),

Display, etc.).” (Id., [0034].) Nussbaum’s Figure 1 illustrates power allocation

control 109 that causes GPU 103 to independently operate at different frequencies:
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(/d., Figure 1 (annotated); see also Figures 5-6, [0020], [0039]-[0041].) See supra

V.B.1(d) (Ground 3, Claims 2 and 9).

(@)

Dependent Claims 7 and 14

The [processor/system] of claim [3/10], further comprising: power management
circuitry and/or logic to cause the non-core power domain to operate at a

different frequency from the first and second frequencies of the first and second
cores, respectively.

197. In my opinion, Nussbaum teaches Claims 7 and 14.

198. Nussbaum discloses power allocation control 109, which allocates power
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among components of the SOC 100. (Nussbaum, Figure 1) Nussbaum also

discloses at Tables 1 and 2 that non-core I/O bridge 105 remains at 1 W despite a

change in power allocated to the first and second cores:

second COre m—p [Corel

first core —p

second COre w——p

TABLE 1
On-die component Allocated Power
first core —» [Coren W
R w
Core2 8w
Core3 8w
GPU Sw
Memory Controller 2w
non-core —» /O Bridee 1w|
Total 40 w
(Nussbaum, Table 1 (annotated).)
TABLE 2
Allocated
On-die component Power Remarks
Core0 16.75w  Core can run at higher F, V to fill new
(= _ power headroom _
Corel 16.75w _ Core can run at higher I, V to fill new
power headroom
Core2 0.5w  Assume that idle core consumes 0.5 w
Core3 0.5w  Assume that idle core consumes 0.5 w
GPU 25w
Memory Controller 2w

non-core —» [0 Bridge 1w |

Total

40 w

(Id., Table 2 (annotated).)
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199. As seen above, each of Core( — Core3 are allocated 8W of power and I/O
Bridge is allocated 1W of power in the scenario shown in Table 1. (/d.; see also
[0020]-[0024].) And in the exemplary scenario shown in Table 2, Core0-Corel are
allocated 16.75W of power, Core2-Core3 are allocated 0.5W power in idle state,
and I/O Bridge is still allocated 1W of power. (/d.; see also [0020]-[0024].)

200. A POSITA would thus recognize that the power allocation controller 109
can cause non-core I/O Bridge 105 “to operate at a different frequency from the
first and second frequencies of the first and second cores, respectively,” because its
allocated power (and thus frequency) remains constant when the allocated power
(and frequency) of Core0-Core3 change.

(h) Dependent Claims 15-19
15: The system of claim 8, further comprising a chipset coupled to the plurality
of cores, the chip set comprising a plurality of interfaces to couple the cores to a
plurality of I/O devices.
201. In my opinion, Nussbaum teaches Claim 15.
202. Nussbaum discloses, as seen in annotated Figure 1 below, that the SOC 100
includes North-Bridge & Memory Controller 107 and I/O Bridge 105 (South-

Bridge) to interface with peripherals, such as input/output devices, (Nussbaum,

[0020]):
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System On Chip 100

: (S0C) second|core
first core
\\
Core 0 Core 1 Core N
101) 101] 101
N\ /-
iy V7 North-Bridge & DRAM
Performance Power Memory Controller >
Analysis  le—af Allocation
¢ Control Control —~— 109
2 7 107 |
/
chipset having
1/0O interf 1/0 Graphics Processing Unit
[O/interiaces o Bridge P TGPy
405 b
‘§ ‘é g .\\
Qb =il
| dio ge , video rendering, user £/ f

(Nussbaum, Figure 1 (annotated); [0020], [0034].)

203. A POSITA would understand that I/O Bridge 105, as a southbridge, contains
interfaces to couple the plurality of cores 101 (i.e., Core0, Corel, et al.) to
peripherals including input-output (I/O) devices. Figure 1 discloses that such I/O
devices can include PCIE devices, GBE (Gigabit Ethernet) devices, USB devices,
mice, flash drives, and headphones. (Nussbaum, Figure 1.)

16: The system of claim 15, wherein one of the 1/0 devices comprises an audio
generation device.

204. In my opinion, Nussbaum teaches Claim 16.
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205. As shown in Figure 1 (annotated above), Nussbaum discloses PCIE and
USB devices as well as audio headphones interfacing with the SOC through I/O
Bridge 105. (Nussbaum, [0020], Figure 1.) A POSITA would understand that
headphones are audio generation devices and PCIE and USB devices are capable
of including audio generation devices, such as microphones, audio cards, and
speakers.

17: The system of claim 16, wherein one of the 1/0 devices comprises a video
rendering device.

206. In my opinion, Nussbaum teaches Claim 17.

207. As shown in Figure 1 (annotated above), Nussbaum discloses PCIE devices
interfacing with the SOC through I/O Bridge 105 and a display. (Nussbaum,
[0020], [0034].) A POSITA would understand that PCIE devices encompass video
graphics cards, displays, and other devices that render video.

18: The system of claim 17, wherein one of the 1/0 devices comprises a user
input device.

208. In my opinion, Nussbaum teaches Claim 18.

209. As shown in Figure 1 (annotated above), Nussbaum discloses PCIE and
USB devices, a computer mouse, and a USB flash drive, and a POSITA would
understand that PCIE and USB devices encompass microphones, audio cards,
keyboards, and joysticks, among other peripherals interfacing with the SOC

through I/O Bridge 105. (Nussbaum, [0020], Figure 1; A POSITA would
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understand that these components are user input devices because they facilitate a
user inputting information.

19: The system of claim 18, wherein one of the I/0 devices comprises a network
communication device.

210. In my opinion, Nussbaum teaches Claim 19.

211. Asshown in Figure 1 (annotated above), Nussbaum discloses PCIE devices,
GBE (Gigabit Ethernet) devices, and USB devices interfacing with the SOC
through I/O Bridge 105. (Nussbaum, [0020], Figure 1.) A POSITA would
understand that such PCIE devices, GBE devices, and USB devices include
“network communication devices,” because each of PCIE, GBE, and USB support
networking capabilities such as communicating over a wired ethernet or wireless
Wi-Fi or Bluetooth network.

2. Ground 4: Claims 5-6 and 12-13 are obvious over
Nussbaum in view of Shakkarwar

(a) Dependent Claims S and 12

The [processor/system] of claim [4/11], wherein the second power management
circuitry and/or logic includes a mapping of selectable frequencies of the
graphics processing circuitry to selectable frequencies of the interconnect.

212. In my opinion, Nussbaum in view of Shakkarwar teaches Claims 5 and 12.
213. As explained above in Section V.B.1(f) (Ground 3, Claims 4 and 11),
Nussbaum discloses a second power management circuitry and/or logic. Nussbaum
in view of Shakkarwar teaches that this power management circuitry would have

been implemented to include a mapping of selectable frequencies of the graphics
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processing circuitry to selectable frequencies of the interconnect. See Section
V.B.2(c) (Ground 4, Rationales to Combine Nussbaum and Shakkarwar).

214. Shakkarwar’s dynamic power management system includes data controller
302 connected to graphics controller 305 through data connection 314, as

illustrated in Figure 3:

graphics processing circuitry
SYSTEM SYSTEM [ FRAME
PROCESSOR MEMORY i
01
, - 304
t a0 3 35

GRAPHICS CONTROLLER
05

i COMMUNICATIONS
MODULEINIC
’ém‘"“'i\ﬁftii’ CK
PORT PORT CONTROLLER
v 316
{ usa PORT
— :.’.‘:.‘.‘:.‘:‘.:J
321
PRINTER | _
37 I FIG.3
—— S— y
GAME KEYBOARD/ [ sromcﬂ
CONTROLLER | ¢ ] MOUSE DEVICE
308 309 | a0 |

(Shakkarwar, Figure 3.)
215. Data controller 302 connects graphics controller 305 and other components

within Shakkarwar to each other and to system memory 303. (Shakkarwar, 5:10-
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15, Fig. 4.) Graphics controller 305 includes a “3-D engine 305¢” and performs “3-
D graphics operations....” (Id., 6:7-16.) A POSITA would have understood that
data controller 302 and data connection 314 are an “interconnect,” and the
“graphics controller 305” is “graphics processing circuitry.”

216. Shakkarwar also maps selectable frequencies of the graphics processing
circuitry to selectable frequencies of the interconnect in a look-up table.
(Shakkarwar, 7:5-10.) At step 401, Shakkarwar monitors “bandwidth for a
component,” such as the interconnect or graphics processing circuitry, for
“Increasing or decreasing communication requirements.” (Shakkarwar, 6:41-43.)
For example, “when an application that is known to use 3-D graphics is opened,
system software can determine if the bus rate between the data controller [the
‘interconnect’] and the graphics controller [the ‘graphics processing circuitry’] is
high enough to support the graphics requirements.” (1d., 6:49-52; see also 7:5-10
(describing determining data connection bandwidth (i.e., clock speeds/frequencies)
required to process information for specific devices/groups of devices).)

217. At step 402, the system detects “a change in processing condition[s]” for a
specific component, and upon detecting a change, it “determines bandwidth 403
for an associated data connection based on the active components.” (Shakkarwar,
6:63-7:7; see also 7:7-10 (explaining that bandwidth can be determined with a

look-up table containing “a list of clock speeds...required to process information
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for specific devices and/or groups of devices”).) To determine the appropriate
bandwidth for a data connection, Shakkarwar utilizes “a look-up table [that] may
include a list of clock speeds, and/or voltage levels required to process

information for specific devices and/or groups of devices.” (Id., 7:7-10.) Figure 4

illustrates this process:

400

401

MONITOR
SYSTEM

& 7| PROCESSING

CONDITIONS

if‘wz

DETECT
CHANGE IN
PROCESSING
CONDITIONS

f/“”

. DETERMINE DESIRED |
' CHARACTERISTIC |
, BASED ON CHANGE |

40 FIG. 4
ADJUST

CHARACTERISTIC

NO /‘ 405
CHANGE
CHARACTERISTIC
(/d., Fig. 4.)
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218. Shakkarwar thus teaches determining the appropriate bandwidth for a data
connection to a module (e.g., graphics controller 305), utilizing a look-up table that
includes a list of appropriate clock speeds. (/d., 7:5-10) It also considers other
active components, such as the data controller 302 (the “interconnect”) and its
clock speeds. (White, 7:5-10) As such, a POSITA would have understood that
Shakkarwar teaches to map selectable frequencies of the graphics processing
circuitry to selectable frequencies of the interconnect using look-up tables.

219. A POSITA would have been motivated to implement these teachings of
Shakkarwar, such as a look-up table, in Nussbaum for the reasons described above
in Section V.B.2(c) (Ground 4, Rationales to Combine Nussbaum and
Shakkarwar), including because Shakkarwar teaches that an advantage to its
system is that it dynamically “manag[es] power consumption of electronic devices
while satisfying bandwidth requirements for communicating and/or processing
information.” (Shakkarwar, 2:34-39.) A POSITA would have been motivated to
include this advantage in Nussbaum’s power allocation controller 109 to improve
responsiveness and increase the ability of the system to respond to dynamically
changing conditions, including the changing bandwidth requirements of
Nussbaum’s components during various activity states.

(b) Dependent Claims 6 and 13
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The [processor/system] of claim [5/12], wherein the second power management
circuitry and/or logic is to select the fourth frequency for the interconnect based
on detecting operation of the graphics processing circuitry at the third

frequency.

220. In my opinion, Nussbaum in view of Shakkarwar teaches Claims 6 and 13.
221. As explained above, Nussbaum in view of Shakkarwar disclose second
power management circuitry that determines bandwidth for an associated data
connection based on the other active components by using a look-up table of clock
speeds required to process information for specific devices. See Section V.B.2(a)
(Grounds 4, Claims 5 and 12). Shakkarwar further discloses that “[a]t step 405, the
data rate of a data connection is adjusted. In one embodiment, the data rate can be
adjusted by adjusting operating of a clock generation device.” (Shakkarwar, 7:26-

29.) Figure 4 illustrates adjusting the data rate of a data connection:
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222. Shakkarwar also specifically discloses selecting “the fourth frequency for
the interconnect based on detecting operation of the graphics processing circuitry
at the third frequency.” Shakkarwar discloses that “when an application that is
known to use 3-D graphics is opened, system software can determine if the bus
rate between the data controller [the “interconnect”] and the graphics controller

[the “graphics processing circuitry”] is high enough to support the graphics
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requirements.” (Shakkarwar, 6:49-52 (emphasis added); see also Shakkarwar 7:5-
10 (describing determining data connection bandwidth 403 (i.e., clock
speeds/frequencies) required to process information for specific devices/groups of
devices).) A POSITA would have understood that by applying these teachings
from Shakkarwar to Nussbaum, the fourth frequency for the interconnect would be
selected based on detecting the frequency of the graphics processing circuitry.

(¢) Combining Nussbaum’s and Shakkarwar’s teachings
would have been obvious to a POSITA.

223. In addition to the reasons set forth above, combining the teachings of
Nussbaum and Shakkarwar would have been obvious to a POSITA, a POSITA
would have been motivated to do so, and a POSITA would have had a reasonable
expectation of success in doing so because each relates to the same well-known
technologies. Both relate to and describe similar methods for optimizing
performance between multiple components within a computer system. (Nussbaum,
[0002]; Shakkarwar, Abstract.)

224. Nussbaum discloses a system where power is allocated among computing
components to improve performance and efficiency. (Nussbaum, [0019].)
Nussbaum discloses adjusting the frequency, voltage, and power of CPU
processors, GPU, and North-Bridge & Memory Controller 107 to optimize thermal
budget and efficiently use computing power. (Nussbaum, Figures 1, 5-6, [0019]-

[0024], [0033], [0035], [0039], [0044].) Nussbaum also relies on preparing and
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updating boost sensitivity tables to best allocate power during operation. (/d.,
[0026]-[0032].)

225. Similarly, Shakkarwar relates to the “efficient use of electronic devices and,
more particularly, to systems and methods for power management of electronic
devices.” (Shakkarwar, 1:8-10.) Shakkarwar discloses “[s]ystems and methods for
dynamic power management of electronic devices” so that “power consumption of
the system may be dynamically managed while providing sufficient bandwidth for
the system.” (Shakkarwar, Abstract.) Shakkarwar dynamically manages power by
monitoring a component’s “bandwidth...for increasing or decreasing
communication requirements.” (/d., 6:41-43.) The system then detects “a change in
processing condition[s]” for a component, and upon detecting a change,
“determines bandwidth 403 for an associated data connection based on the active
components.” (Id., 6:63-7:7; see also 7:7-10 (explaining that bandwidth can be
determined with a look-up table containing ““a list of clock speeds...required to
process information for specific devices and/or groups of devices™).) The data rate
“of a data connection is [then] adjusted,” including by adjusting a clock frequency
or voltage, to reach optimal performance levels. (/d., 7:26-29.) In this manner,
“power consumption associated with communicating and processing information
via data buses may be optimized while satisfying bandwidth requirements for the

computer system.” (Id., 3:17-20; see also 2:12-15, Claim 21.)
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226. A POSITA would have been motivated to combine the teachings of
Nussbaum in view of Shakkarwar because they would have recognized the
predictable benefit of implementing the known technique of a look-up table for
dynamically managing power, such as taught by Shakkarwar, to optimize
performance of components within a processor as taught by Nussbaum. As noted,
Shakkarwar teaches that an advantage to its system is that it dynamically
“manag[es] power consumption of electronic devices while [also] satisfying
bandwidth requirements for communicating and/or processing information.” (/d.,
2:34-39.) Nussbaum already discloses using tables in its power management
methods, (id., [0026]-[0032],) so a POSITA would be motivated to use and find it
obvious to try such tables to choose map selectable frequencies of the North-
Bridge & Memory Controller 107 to selectable frequencies of GPU 103.

227. A POSITA would also have had a reasonable expectation of success in
combining the teachings of Nussbaum in view of Shakkarwar. A POSITA would
have understood that these references disclose interrelated teachings based on
routine technologies that would have been amenable to various well-understood
and predictable combinations, as explained below. (/d.) The teachings of
Shakkarwar are compatible and incorporating such teachings into Nussbaum would
be well within the expertise of a POSITA using known methods for fabricating

computer systems. (/d.)
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VI. CONCLUSION

228. For the reasons set forth above, I believe that Claims 1-20 of the 588
Patent are unpatentable in view of the prior art.

229. In signing this declaration, I recognize that it will be filed as evidence
in a contested case before the Patent Trial and Appeal Board of the United States
Patent and Trademark Office. I also recognize that I may be subject to cross-
examination in the case and that cross-examination will take place in the United
States. If cross-examination is required of me, I will appear for cross-examination
within the United States during the time allotted for cross-examination.

230. Ireserve the right to supplement my opinions in the future to respond
to any arguments that the Patent Owner raises and to take into account new
information as it becomes available to me.

231. Ideclare under penalty of perjury under the laws of the United States

of America that the foregoing is true and correct.
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Respectfully,

fher oot

Robert W. Horst

Date: August 23, 2023
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