succeed. Accordingly, I agree that Kalyanasundharam as modified by Kennedy taught this claim
limitation.).

181.  [12.2] selecting said another of said plurality of processors to be assigned the role
of spare processor from said determined at least one processor (1 agree that, even if
Kalyanasundharam did not explicitly teach selecting the processor coupled to the common
communication bus as the spare processor, Kalyanasundharam as modified by Kennedy would
have rendered this claim limitation obvious to a POSITA. See Kennedy (Ex. 1005) at 2:34-38. In
view of these citations, I agree that Kennedy taught selecting one or more alternate (e.g., spare)
boot processors by installing those alternate boot processors into specific slots corresponding to
that alternate boot role on the backplane bus. In my opinion, a POSITA would have been motivated
to combine these teachings from Kalyanasundharam and Kennedy to improve the reliability of
Kalyanasundharam’s system by providing fault tolerance and high availability in the event that the
boot processor fails before a reboot occurs. In my opinion, it was well within the skill of a POSITA
to modify Kalyanasundharam’s system by Kennedy in this manner, and thus this combination of
Kalyanasundharam and Kennedy would have been expected to succeed. Accordingly,
Kalyanasundharam as modified by Kennedy taught this claim limitation.).

182.  Claim 13: The method of claim 9 further comprising: during system boot-up,
system firmware identifying the spare processor and holding said spare processor in reserve as
a hot spare (1 agree that Kalyanasundharam taught identifying a spare processor and holding the
spare processor in reserve as a hot spare for at least the same reasons provided above in connection
with claim 1. I also agree that, even if Kalyanasundharam did not explicitly teach doing so via
system firmware, Kalyanasundharam as modified by Kennedy would have rendered the subject
matter of claim 13 obvious to a POSITA. For example, according to Kennedy, “central boot ROM
150 comprises a read-only-memory with the basic input/output system (BIOS) instruction set
for an INTEL 80486 or 80386 microprocessor. Accordingly, in the present embodiment, at least
one CPU connected to the 64-bit bus is, or emulates, an INTEL 80486 or 80386 microprocessor
in order to boot the system.” Kennedy (Ex. 1005) at 4.25-33. “[A] central system boot ROM 150
accessible by all processors...may be used by the operating system.” Kennedy (Ex. 1005) at 9:1-
5. “[TThe CPU1 120 controls the system again and begins the operating system boot process.”
Id. at 9:53-55. “The alternate boot processors...can execute the boot code in the central boot

ROM 150”. /d. at 10:42-45. 1T agree that the BIOS was a very well-known example of firmware.
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In view of the above citations and this common knowledge, I agree that a POSITA would have
understood that Kennedy’s BIOS constitutes firmware responsible for identifying a spare
processor and holding the same is reserve as a hot spare. In my opinion, a POSITA would have
been motivated to combine these teachings from Kalyanasundharam and Kennedy to achieve some
cost savings by performing these tasks with firmware instead of using additional hardware. In my
opinion, it was well within the skill of a POSITA to modify Kalyanasundharam’s system by
Kennedy in this manner, and thus this combination of Kalyanasundharam and Kennedy would
have been expected to succeed. Accordingly, I agree that Kalyanasundharam as modified by
Kennedy would have rendered the subject matter of claim 13 obvious to a POSITA.).

183.  Claim 14: The method of claim 9 further comprising: during system boot-up,
system firmware booting the spare processor as an active spare (1 agree that Kalyanasundharam
taught booting the spare processor as an active spare for at least the same reasons provided above
in connection with claim 6. I also agree that, even if Kalyanasundharam did not explicitly teach
doing so via system firmware, Kalyanasundharam as modified by Kennedy would have rendered
the subject matter of claim 14 obvious to a POSITA. For example, according to Kennedy, “central
boot ROM 150 comprises a read-only-memory with the basic input/output system (BIOS)
instruction set for an INTEL 80486 or 80386 microprocessor. Accordingly, in the present
embodiment, at least one CPU connected to the 64-bit bus is, or emulates, an INTEL 80486 or
80386 microprocessor in order to boot the system.” Kennedy (Ex. 1005) at 4:25-33. “[ A] central
system boot ROM 150 accessible by all processors...may be used by the operating system.”
Kennedy (Ex. 1005) at 9:1-5. “[TThe CPU1 120 controls the system again and begins the operating
system boot process.” Id. at 9:53-55. “The alternate boot processors...can execute the boot
code in the central boot ROM 150”. /d. at 10:42-45. 1 agree that the BIOS was a very well-known
example of firmware. In view of the above citations and this common knowledge, I agree that a
POSITA would have understood that Kennedy’s BIOS constitutes firmware responsible for
booting the spare processor as an active spare. In my opinion, a POSITA would have been
motivated to combine these teachings from Kalyanasundharam and Kennedy to enable
Kalyanasundharam’s system to dynamically modify the activity of spare processors (e.g., between
active spare and hot spare) to increase efficiency and/or throughput. In my opinion, it was well
within the skill of a POSITA to modify Kalyanasundharam’s system by Kennedy in this manner,

and thus this combination of Kalyanasundharam and Kennedy would have been expected to
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succeed. Accordingly, 1 agree that Kalyanasundharam as modified by Kennedy would have
rendered the subject matter of claim 14 obvious to a POSITA.).

184. Claim 15: The method of claim 9 wherein system firmware performs said
changing operation (1 agree that Kalyanasundharam taught performing the changing operation for
at least the same reasons provided above in connection with claim 9. I agree that, even if
Kalyanasundharam did not explicitly teach doing so via system firmware, Kalyanasundharam as
modified by Kennedy would have rendered the subject matter of claim 15 obvious to a POSITA.
For example, Kennedy teaches that each CPU includes a slot selection (sometimes referred to as
“S8”) logic for selecting which CPU is designated as the boot processor. “In general, the slot select
logic 148 on the default boot CPU allows this CPU to boot.” Kennedy (Ex. 1005) at 10:29-31, FIG.
3. I agree that Kennedy’s input/output services module (“IOSM”) is responsible for changing
the role of boot processor to the spare processor in conjunction with the CPUs’ slot selection logic.
See id. at 6:36-38, FIG. 3. For example, “[a]ny other slot selection circuits on CPUs installed in
the system have a corresponding slot selection line from the IOSM 108.” /d. As demonstrated by
FIG. 3 of Kennedy reproduced below, Kennedy’s IOSM includes the BIOS.
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I agree that the BIOS was a very well-known example of firmware. In view of the above citations
and this common knowledge, I agree that a POSITA would have understood that that Kennedy’s
BIOS, which constitutes firmware, is responsible for changing the role of boot processor to the
spare processor in conjunction with the CPUs’ slot selection logic. In my opinion, a POSITA
would have been motivated to combine these teachings from Kalyanasundharam and Kennedy to

achieve some cost savings by performing the change operation with firmware instead of using
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additional hardware. In my opinion, it was well within the skill of a POSITA to modify
Kalyanasundharam’s system by Kennedy in this manner, and thus this combination of
Kalyanasundharam and Kennedy would have been expected to succeed. Accordingly, I agree that
Kalyanasundharam as modified by Kennedy would have rendered the subject matter of claim 15

obvious to a POSITA.).

2. Ground 2: Safford in view of Kennedy

185. I agree that Safford in view of Kennedy renders claims 1-6 and 9-15 obvious to a
POSITA for the reasons set forth in the Request. I identify evidence supporting my opinions
regarding the obviousness of certain claims and/or limitations below. It is worth noting that
certain claim limitations analyzed for obviousness in the Request are omitted from the claim set
below for the purpose of brevity. In my opinion, the Request’s obviousness analysis of those
claim limitations is sufficient and does not require my support to demonstrate a POSITA’s
understanding of the prior art relative to those claim limitations.

186. My opinions should be evaluated in view of the corresponding motivations to
combine discussed above and the citations referenced in the Request. I have also reviewed and
assisted in the preparation of Appendix B, which provides a detailed mapping of Safford and
Kennedy to claims 1-6 and 9-15 that accurately reflects my opinions regarding obviousness.

187. Claim 1: [1.2] data storage storing information that assigns a role of boot
processor to one of said plurality of processors and assigns a role of spare processor to another
of said plurality of processors (1 agree that Safford described assigning the roles of master and
checker to certain processors. See Safford (Ex. 1004) at 2:55-57. For at least the reasons provided
in this Declaration above and in the Request, I agree that a POSITA would have understood Safford
as disclosing a boot processor and failing over the same to a hot spare processor. I agree that, even
if Safford did not explicitly identify which processor was the boot processor, Safford as modified
by Kennedy would have rendered this claim limitation obvious to a POSITA. See, e.g., Kennedy
(Ex. 1005) at 7:5-13. In my opinion, Safford taught data storage that stores the architected states,
such as role assignments (e.g., master/checker), of paired processors, and Kennedy taught that one
such assignment could be the role of boot processor and that data storage holds configuration
information (e.g., boot processor assignment). I agree that a POSITA would have been motivated

to combine these teachings from Safford and Kennedy to improve the reliability of Safford’s
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system by storing information that assigns the roles of boot processor and spare processor in case
of a reboot. In my opinion, it was well within the skill of a POSITA to modify Safford’s system
by Kennedy in this manner, and thus this combination of Safford and Kennedy would have been
expected to succeed. Accordingly, I agree that Safford as modified by Kennedy taught data storage
storing information that assigns the role of boot processor to one of the processors and assigns the
role of spare processor to another one of the processors.).

188.  [1.3] logic operable, responsive to detecting loss of lockstep for said boot
processor, for transferring, during system runtime, the role of boot processor to said spare
processor (1 agree that the 781 Patent notes that a firmware component known as a processor
abstraction layer (PAL) “copies all the needed information from memory into the internal registers
of the hot spare processor so that the hot spare processor becomes a new active processor,
transforming the role of the hot spare to boot processor.” Ex. 1001 at 17:57-61. I agree that Safford
disclosed this limitation through an identical process for transferring the role of boot processor to
the spare processor. See Safford (Ex. 1004) at 32:29-32. For example, Safford taught “moving an
architected state of the processor unit experiencing the loss of lock step to the spare processor
unit, wherein the spare processor unit becomes an active processor unit in the computer
system.” /d. I agree that, even if Safford did not explicitly identify the failed processor as having
been the boot processor, Safford as modified by Kennedy would have rendered this claim
limitation obvious to a POSITA. See, e.g., Kennedy (Ex. 1005) at 7:5-13. In view of the above
citations, I agree that Safford taught logic that causes its system to replace a failed processor with
a hot spare processor in response to a loss of lockstep, and Kennedy taught logic that causes its
system to fail over the boot processor to an alternate processor. I agree that a POSITA would have
been motivated to combine these teachings from Safford and Kennedy to improve the reliability
of Safford’s system by providing fault tolerance and high availability in the event that the boot
processor fails before a reboot occurs. In my opinion, it was well within the skill of a POSITA to
modify Safford’s system by Kennedy in this manner, and thus this combination of Safford and
Kennedy would have been expected to succeed. Accordingly, I agree that Safford as modified by
Kennedy taught logic operable for transferring the role of boot processor to the spare processor
during system runtime in response to detecting loss of lockstep for the boot processor. /d.).

189.  Claim 2: The system of claim 1 wherein said data storage is non-volatile data

storage (“Finally, the architected states of each of the microprocessors 22 and 24 is copied from
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the memory 25 into the microprocessors 22 and 24, respectively.” Safford (Ex. 1004) at 2:2-4.
“For example, the node controller 130 may store the architected state of the processors 111, 113,
121, 123, 125, and 127, either internally in the node controller 130, or in another component of
the computer system 100.” /d. at 4:6-10. In my opinion, it was well known in the art that the term
“memory” broadly refers to both volatile and non-volatile data storage. Indeed, T understand that
non-volatile memory, including battery-backed SRAM (sometimes simply called CMOS) and
Flash memory were commonly used at the time to store critical information. For at least this reason,
I agree that a POSITA would have understood memory 25 of Safford as including non-volatile
data storage. Accordingly, I agree that Safford as modified by Kennedy would have rendered the
subject matter of claim 2 obvious to a POSITA.).

190.  Claim 3: The system of claim 1 further comprising: a user interface operable to
receive input specifying said one of said plurality of processors to be assigned said role of boot
processor (1 agree that, even if Safford did not explicitly teach a user interface that receives input
specifying the processor assigned the role of boot processor, Safford as modified by Kennedy
would have rendered the subject matter of claim 3 obvious to a POSITA. For example, Kennedy
taught selecting which processor among multiple processors is to boot the system. See Kennedy
(Ex. 1005) at 4:33-34. Specifically, “other processor types may be selected to boot the system
with a corresponding change in the boot ROM 150, as well known in the art.” /d. In my opinion,
it was well known in the art that the act of selecting in computer systems is often performed via
user interfaces. Based on this common knowledge in the art, I agree that a POSITA would have
understood Kennedy’s teaching about selecting the processor to boot the system as including a
boot processor selection made by input received via a user interface. In my opinion, a POSITA
would have been motivated to modify Safford by Kennedy and this common knowledge in the art
to enable a user to select which processor is to boot the system via a user interface. In my opinion,
it was well within the skill of a POSITA to modify Safford’s system by Kennedy in this manner,
and thus this combination of Safford and Kennedy would have been expected to succeed.
Accordingly, I agree that Safford as modified by Kennedy and this common knowledge in the art
would have rendered the subject matter of claim 3 obvious to a POSITA.).

191.  Claim 4: The system of claim 1 further comprising: a user interface operable to
receive input specifying said another of said plurality of processors to be assigned said role of

spare processor (1 agree that, even if Safford did not explicitly teach a user interface that receives
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input specifying the processor assigned the role of spare processor, Safford as modified by
Kennedy would have rendered the subject matter obvious to a POSITA. For example, Kennedy
taught selecting which processor among multiple processors is to boot the system. See Kennedy
(Ex. 1005) at 4:33-34. Specifically, “other processor types may be selected to boot the system
with a corresponding change in the boot ROM 150, as well known in the art.” Id. at 4:33-34. It
was well known in the art that the act of selecting in computer systems is often performed via user
interfaces. Based on this common knowledge in the art, I agree that a POSITA would have
understood Kennedy’s teaching about selecting the processor to boot the system as including a
spare processor selection (e.g., one of the alternate processors not selected as the boot processor)
made by input received via a user interface. In my opinion, a POSITA would have been motivated
to modify Safford by Kennedy and this common knowledge in the art to enable a user to select,
via a user interface, which processor is to serve as a spare to the boot processor. In my opinion, it
was well within the skill of a POSITA to modify Safford’s system by Kennedy in this manner, and
thus this combination of Safford and Kennedy would have been expected to succeed. Accordingly,
I agree that Safford as modified by Kennedy and this common knowledge in the art would have
rendered the subject matter of claim 4 obvious to a POSITA. Id.).

192.  Claim S: The system of claim 1 wherein each of said plurality of processors is a
processor module that includes a master processor and a slave processor (“To improve reliability
of processing assets, a computer system employs lock stepped processor cores that operate in a
master/check pair.” Safford (Ex. 1004) at 2:55-57. “The processors operate as pairs when in lock
step (i.e., the processors 111 and 113 are a pair; the processors 121 and 123 are a second pair ; and
the processors 125 and 127 are a third pair). From the node controller’s perspective, each pair of
processors appears as a single (logical) processor.” /d. at 3:57-63. In view of these citations, I
agree that a POSITA would have understood the processors disclosed in Safford to constitute
master and slave processors. Accordingly, I agree that Safford as modified by Kennedy taught a
plurality of processor modules that each include a master processor and a slave processor.).

193.  Claim 6: The system of claim 1 wherein said another of said plurality of
processors that is assigned said role of spare processor is an active spare before being
transferred said role of boot processor (“In block 210, the processor 111 signals the node
controller 130 that the first processor pair 111/113 has broken lock step and that the first
processor pair 111/113 should be taken ‘off-line.”” Safford (Ex. 1004) at 4:37-40. “In block 230,
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the node controller 130 ‘reboots’ the processors 111 and 113, and the processors 111 and 113
become the new ‘hot standby’ processor pair on the system 100.” Id. at 4:57-60. Safford also
taught that “the spare processor unit becomes an active processor unit in the computer system”
1d., claim 1. In view of the above citations, I agree that a POSITA would have understood Safford
as teaching that a spare processor can be active before a role transfer. Moreover, in my opinion, a
POSITA would have understood that the role at issue could be the boot processor assignment in
view of Safford as modified by Kennedy for at least the same reasons provided in the Request and
in connection with claim 1. I also agree that a POSITA would have understood the term “good”
processor to refer to an active spare processor. In my opinion, a POSITA would have been
motivated to combine these teachings from Safford and Kennedy to improve the reliability of
Safford’s system by providing high availability through active and/or inactive spare processors.
1d. In my opinion, it was well within the skill of a POSITA to modify Safford’s system by Kennedy
in this manner, and thus this combination of Safford and Kennedy would have been expected to
succeed. Id. Accordingly, I agree that Safford as modified by Kennedy taught that the spare
processor is an active spare before being transferred the role of boot processor.).

194.  Claim 9: [9.1] assigning a role of boot processor to one of a plurality of
processors in a system (I agree that Safford described assigning the roles of master and checker to
certain processors. See Safford (Ex. 1004) at 2:55-57. For at least the reasons provided in this
Declaration above and in the Request, I agree that a POSITA would have understood Safford as
disclosing a boot processor and failing over the same to a hot spare processor. I agree that, even if
Safford did not explicitly identify which processor was the boot processor, Safford as modified by
Kennedy would have rendered this claim limitation obvious to a POSITA. See, e.g., Kennedy (Ex.
1005) at 7:5-13. In my opinion, Safford taught assigning roles (e.g., master/checker) to paired
processors, and Kennedy taught that one such assignment could be the role of boot processor. |
agree that a POSITA would have been motivated to combine these teachings from Safford and
Kennedy to improve the reliability of Safford’s system by assigning the role of boot processor to
a certain processor in case of a reboot. In my opinion, it was well within the skill of a POSITA to
modify Safford’s system by Kennedy in this manner, and thus this combination of Safford and
Kennedy would have been expected to succeed. Accordingly, I agree that Safford as modified by

Kennedy taught assigning a role of boot processor to one of a plurality of processors in a system.).
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195.  [9.3] responsive to detecting loss of lockstep for said boot processor, changing,
during system runtime, the assignment of the role of boot processor to said spare processor (1
agree that Safford described replacing a failed processor with a hot spare processor in response to
a loss of lockstep. Safford (Ex. 1004) at 3:27-30, 4:37-54. I also agree that the *781 Patent notes
that a firmware component known as a processor abstraction layer (PAL) “copies all the needed
information from memory into the internal registers of the hot spare processor so that the hot spare
processor becomes a new active processor, transforming the role of the hot spare to boot
processor.” Ex. 1001 at 17:57-61. I agree that Safford disclosed this claim limitation through an
identical process for transferring the role of boot processor to the spare processor. Safford (Ex.
1004) at 32:29-32. I further agree that, even if Safford did not explicitly identify the failed
processor as having been the boot processor, Safford as modified by Kennedy would have rendered
this claim limitation obvious to a POSITA. See, e.g., Kennedy (Ex. 1005) at 7:5-13). In my opinion,
Safford taught replacing a failed processor with a hot spare processor in response to a loss of
lockstep, and Kennedy taught failing over the boot processor to an alternate processor. I agree that
a POSITA would have been motivated to combine these teachings from Safford and Kennedy to
improve the reliability of Safford’s system by providing high availability in the event that the boot
processor fails before a reboot occurs. In my opinion, it was well within the skill of a POSITA to
modify Safford’s system by Kennedy in this manner, and thus this combination of Safford and
Kennedy would have been expected to succeed. Accordingly, I agree that Safford as modified by
Kennedy taught changing, during system runtime, the assigned role of boot processor to the spare
processor in response to loss of lockstep for the boot processor.).

196.  [9.4] responsive to changing the assignment of the role of boot processor to said
spare processor, an operating system of the system recognizing said spare processor as the boot
processor without requiring shutdown of said operating system (I agree that, even if Safford did
not explicitly teach an operating system that recognizes the spare processor as the boot processor
without requiring shutdown, Safford as modified by Kennedy would have rendered this claim
limitation obvious to a POSITA. For example, according to Kennedy, “a central system boot
ROM 150 accessible by all processors...may be used by the operating system.” Kennedy (Ex.
1005) at 9:1-5. “[T]he CPU1 120 controls the system again and begins the operating system boot
process.” Id. at 9:53-55. “The alternate boot processors...can execute the boot code in the

central boot ROM 1507, /d. at 10:42-45. In my opinion, a POSITA would have understood that,
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because Kennedy’s central boot ROM 150 is used by the operating system and stores the boot code
executed in conjunction with the operating system to boot the system, the operating system would
recognize the spare processor as the boot processor after failover without requiring shutdown of
the operating system, especially if Kennedy is to achieve its objective of providing fault tolerance
and high availability. See Kennedy (Ex. 1005) at 9:1-5, 9:53-55, 10:42-45. I believe that this
conclusion of a POSITA’s understanding is also supported by Safford’s objective of avoiding
system crashes. See Safford (Ex. 1004) at 3:21-22, 1:45-47. I agree that a POSITA would have
been motivated to combine these teachings from Safford and Kennedy to improve the reliability
of Safford’s system by providing fault tolerance and high availability in the event that the boot
processor fails before a reboot occurs. In my opinion, it was well within the skill of a POSITA to
modify Safford’s system by Kennedy in this manner, and thus this combination of Safford and
Kennedy would have been expected to succeed. Accordingly, I agree that Safford as modified by
Kennedy would have rendered obvious to a POSITA an operating system that recognizes the spare
processor as the boot processor without requiring shutdown.).

197.  Claim 12: The method of claim 9 further comprising: [12.1] determining at least
one processor that is coupled to a common communication bus with said one of said plurality
processors assigned to the role of boot processor (1 agree that, even if Safford did not explicitly
teach determining a processor that is coupled to a common communication bus with the boot
processor, Safford as modified by Kennedy would have rendered this claim limitation obvious to
a POSITA. For example, according to Kennedy, “the system has a centrally accessible memory, a
default boot central processing unit installed in a first slot on the backplane bus, and may also
have one or more alternate boot central processing units installed in a second slot on the
backplane bus.” Kennedy (Ex. 1005) at 2:34-38. In view of these citations, I agree that Kennedy
taught that the boot processor and the alternate boot processors are installed in specific slots along
the same backplane bus. Based on this teaching from Kennedy, I agree that a POSITA would have
understood that any alternate processor installed in one of the slots of the backplane bus would
have been coupled to a common communication bus with the boot processor. As a result, I agree
that any form of identifying such an alternate processor would constitute a determination of an
alternate processor coupled to a common communication bus with the boot processor. In my
opinion, a POSITA would have been motivated to combine these teachings from Kennedy with

Safford to improve the communication capabilities of Safford’s system for fault tolerance and high
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availability. In my opinion, it was well within the skill of a POSITA to modify Safford’s system
by Kennedy in this manner, and thus this combination of Safford and Kennedy would have been
expected to succeed. /d. Accordingly, I agree that Safford as modified by Kennedy taught this
claim limitation.).

198.  [12.2] selecting said another of said plurality of processors to be assigned the role
of spare processor from said determined at least one processor (1 agree that, even if Safford did
not explicitly teach selecting the processor coupled to the common communication bus as the spare
processor, Safford as modified by Kennedy would have rendered this claim limitation obvious to
a POSITA. For example, according to Kennedy, “the system has a centrally accessible memory, a
default boot central processing unit installed in a first slot on the backplane bus, and may also
have one or more alternate boot central processing units installed in a second slot on the
backplane bus.” Kennedy (Ex. 1005) at 2:34-38. In my opinion, a POSITA would have been
motivated to combine these teachings from Kennedy with Safford to improve the reliability of
Safford’s system by providing fault tolerance and high availability in the event that the boot
processor fails before a reboot occurs. In my opinion, it was well within the skill of a POSITA to
modify Safford’s system by Kennedy in this manner, and thus this combination of Safford and
Kennedy would have been expected to succeed. Accordingly, Safford as modified by Kennedy
taught this claim limitation.).

199.  Claim 13: The method of claim 9 further comprising: during system boot-up,
system firmware identifying the spare processor and holding said spare processor in reserve as
a hot spare (1 agree that, even if Safford did not explicitly teach doing so via system firmware,
Safford as modified by Kennedy would have rendered the subject matter of claim 13 obvious to a
POSITA. For example, according to Kennedy, “central boot ROM 150 comprises a read-only-
memory with the basic input/output system (BIOS) instruction set for an INTEL 80486 or 80386
microprocessor. Accordingly, in the present embodiment, at least one CPU connected to the 64-
bit bus is, or emulates, an INTEL 80486 or 80386 microprocessor in order to boot the system.”
Kennedy (Ex. 1005) at 4:25-33. “[A] central system boot ROM 150 accessible by all
processors...may be used by the operating system.” /d. at 9:1-5. “[T]he CPU1 120 controls the
system again and begins the operating system boot process.” /d. at 9:53-55. “The alternate boot
processors...can execute the boot code in the central boot ROM 150”. /d. at 10:42-45. T agree

that the BIOS was a very well-known example of firmware. In view of the above citations and this
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common knowledge, a POSITA would have understood that Kennedy’s BIOS constitutes
firmware responsible for identifying a spare processor and holding the same is reserve as a hot
spare. In my opinion, a POSITA would have been motivated to combine these teachings from
Safford and Kennedy to achieve some cost savings by performing these tasks with firmware
instead of using additional hardware. In my opinion, it was well within the skill of a POSITA to
modify Safford’s system by Kennedy in this manner, and thus this combination of Safford and
Kennedy would have been expected to succeed. Accordingly, I agree that Safford as modified by
Kennedy would have rendered the subject matter of claim 13 obvious to a POSITA.).

200. Claim 14: The method of claim 9 further comprising: during system boot-up,
system firmware booting the spare processor as an active spare (1 agree that, even if Safford did
not explicitly teach doing so via system firmware, Safford as modified by Kennedy would have
rendered the subject matter of claim 14 obvious to a POSITA. For example, according to Kennedy,
“central boot ROM 150 comprises a read-only-memory with the basic input/output system
(BIOS) instruction set for an INTEL 80486 or 80386 microprocessor. Accordingly, in the present
embodiment, at least one CPU connected to the 64-bit bus is, or emulates, an INTEL 80486 or
80386 microprocessor in order to boot the system.” Kennedy (Ex. 1005) at 4:25-33. “[ A] central
system boot ROM 150 accessible by all processors...may be used by the operating system.”
Kennedy (Ex. 1005) at 9:1-5. “[TThe CPU1 120 controls the system again and begins the operating
system boot process.” Id. at 9:53-55. “The alternate boot processors...can execute the boot
code in the central boot ROM 150”. /d. at 10:42-45. I agree with the BIOS was a very well-known
example of firmware. In view of the above citations and this common knowledge, a POSITA
would have understood that Kennedy’s BIOS constitutes firmware responsible for booting the
spare processor as an active spare. In my opinion, a POSITA would have been motivated to
combine these teachings from Safford and Kennedy to enable Safford’s system to dynamically
modify the activity of spare processors (e.g., between active spare and hot spare) to increase
efficiency and/or throughput. In my opinion, it was well within the skill of a POSITA to modify
Safford’s system by Kennedy in this manner, and thus this combination of Safford and Kennedy
would have been expected to succeed. Accordingly, I agree that Safford as modified by Kennedy
would have rendered the subject matter of claim 14 obvious to a POSITA.).

201. Claim 15: The method of claim 9 wherein system firmware performs said

changing operation (Safford taught performing the changing operation for at least the same
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reasons provided above in connection with claim 9. I agree that, even if Safford did not explicitly
teach doing so via system firmware, Safford as modified by Kennedy would have rendered the
subject matter of claim 15 obvious to a POSITA. For example, Kennedy teaches that each CPU
includes a slot selection (sometimes referred to as “SS”) logic for selecting which CPU is
designated as the boot processor. “In general, the slot select logic 148 on the default boot CPU
allows this CPU to boot.” Kennedy (Ex. 1005) at 10:29-31, FIG. 3. T agree that Kennedy’s
input/output services module (“I0OSM”) is responsible for changing the role of boot processor
to the spare processor in conjunction with the CPUs’ slot selection logic. See id. at 6:36-38, FIG.
3. For example, “[a]ny other slot selection circuits on CPUs installed in the system have a
corresponding slot selection line from the IOSM 108.” Id. As demonstrated by FIG. 3 of Kennedy
reproduced below, Kennedy’s IOSM includes the BIOS.
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I agree that the BIOS was a very well-known example of firmware. In view of the above citations
and this common knowledge, T agree that a POSITA would have understood that that Kennedy’s
BIOS, which constitutes firmware, is responsible for changing the role of boot processor to the
spare processor in conjunction with the CPUs’ slot selection logic. In my opinion, a POSITA
would have been motivated to combine these teachings from Safford and Kennedy to achieve some
cost savings by performing the change operation with firmware instead of using additional
hardware. In my opinion, it was well within the skill of a POSITA to modify Safford’s system by
Kennedy in this manner, and thus this combination of Safford and Kennedy would have been
expected to succeed. Accordingly, I agree that Safford as modified by Kennedy would have

rendered the subject matter of claim 15 obvious to a POSITA.).
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3. Ground 3: Kennedy in view of Nguyen and Fox

202. I agree that Kennedy in view of Nguyen and Fox renders claims 1-30 obvious to a
POSITA for the reasons set forth in the Request. I identify evidence supporting my opinions
regarding the obviousness of certain claims and/or limitations below. It is worth noting that certain
claim limitations analyzed for obviousness in the Request are omitted from the claim set below for
the purpose of brevity. In my opinion, the Request’s obviousness analysis of those claim
limitations is sufficient and does not require my support to demonstrate a POSITA’s understanding
of the prior art relative to those claim limitations.

203. My opinions should be evaluated in view of the corresponding motivations to
combine discussed above and the citations referenced in the Request. I have also reviewed and
assisted in the preparation of Appendix C, which provides a detailed mapping of Kennedy,
Nguyen, and Fox to claims 1-30 that accurately reflects my opinions regarding obviousness.

204. Claim 1: [1.2] data storage storing information that assigns a role of boot
processor to one of said plurality of processors and assigns a role of spare processor to another
of said plurality of processors (1 agree that Kennedy taught memories that store CPU configuration
information that includes the roles of boot processor and alternate processor in the system. See,
e.g., Kennedy (Ex. 1005) at 7:9-13, 2:17-21, 9:16-21, 7:33-35. I also agree that Kennedy taught
data storage storing information that assigns the role of boot processor to one of the processors
and assigns the role of spare processor to another one of the processors.).

205.  [1.3] logic operable, responsive to detecting loss of lockstep for said boot
processor, for transferring, during system runtime, the role of boot processor to said spare
processor (1 agree that Nguyen described detecting a loss of lockstep. See, e.g., Nguyen (Ex. 1008)
4/ [0008], [0024], [0054]-[0055]. T also agree that Kennedy taught logic that causes its system to
replace the boot processor with an alternate processor in response to a failure of the boot processor,
and Nguyen taught detecting an error (i.e., a loss of lockstep). See, e.g., Kennedy (Ex. 1005) at
7:9-13; see also Nguyen (Ex. 1008)  [0008], [0024], [0054]-[0055]. In my opinion, a POSITA
would have been motivated to combine these disclosures from Kennedy and Nguyen to improve
the reliability of Kennedy’s system by providing fault tolerance and high availability in the event
that the boot processor fails through a loss of lockstep. In my opinion, it was well within the skill
of a POSITA to modify Kennedy’s system by Nguyen in this manner, and thus this combination

of Kennedy and Nguyen would have been expected to succeed. Accordingly, I agree that Kennedy
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as modified by Nguyen taught logic operable for transferring the role of boot processor to the spare
processor during system runtime in response to detecting loss of lockstep for the boot processor.).

206. [1.4] wherein said another of said plurality of processors that is assigned said
role of spare processor is held in reserve as a hot spare processor until said loss of lockstep is
detected for said boot processor (1 agree that Kennedy as modified by Nguyen and Fox disclosed,
or at least rendered obvious, transferring the role of boot processor to a hot spare processor during
system runtime in response to detecting loss of lockstep for the boot processor. See, e.g., Fox (Ex.
1006), Abstract. I also agree that a POSITA would have been motivated to combine these
disclosures from Kennedy, Nguyen, and Fox to decrease delays in failing over from the boot
processor to the spare processor. In my opinion, it was well within the skill of a POSITA to modify
Kennedy’s system by Nguyen and Fox in this manner, and thus this combination of Kennedy,
Nguyen, and Fox would have been expected to succeed. Accordingly, I agree that Kennedy as
modified by Nguyen and Fox taught that the processor assigned the role of spare is held in reserve
as a hot spare processor until the loss of lockstep is detected for the boot processor.).

207. Claim 2: The system of claim 1 wherein said data storage is non-volatile data
storage (Kennedy taught that “[tlhe CPU1 120 has a corresponding non-volatile memory 123
which contains configuration information and CPU specific initialize and self test code (ISTC) for
the CPU1 120.” Kennedy (Ex. 1005), 5:15-18. I agree that, based on Kennedy’s disclosure, a
POSITA would have understood that the data storage that stores the information assigning the
roles of boot processor and spare processor included non-volatile memory. Accordingly, I agree
that Kennedy as modified by Nguyen and Fox would have rendered the subject matter of claim 2
obvious to a POSITA.).

208. Claim 3: The system of claim 1 further comprising: a user interface operable to
receive input specifying said one of said plurality of processors to be assigned said role of boot
processor (1 agree that it was well known in the art that the act of selecting processor roles in
computer systems (e.g., master/slave designations, distinct duty assignments or permissions in
asymmetric multiprocessor configurations, etc.) is often performed via user interfaces. I also agree
that, based on this common knowledge in the art, a POSITA would have understood Kennedy’s
disclosure of selecting the processor to boot the system as including a boot processor selection
made by input received via a user interface. In my opinion, a POSITA would have been motivated

to modify Kennedy by Nguyen, Fox, and this common knowledge in the art to enable a user to
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select which processor is to boot the system via a user interface. In my opinion, it was well within
the skill of a POSITA to modify Kennedy’s system by Nguyen, Fox, and the common knowledge
in this manner, and thus this combination of Kennedy, Nguyen, Fox, and the common knowledge
would have been expected to succeed. Accordingly, I agree that Kennedy as modified by Nguyen,
Fox, and this common knowledge in the art would have rendered the subject matter of claim 3
obvious to a POSITA.).

209. Claim 4: The system of claim 1 further comprising: a user interface operable to
receive input specifying said another of said plurality of processors to be assigned said role of
spare processor (1 agree that it was well known in the art that the act of selecting processor roles
in computer systems (e.g., master/slave designations, distinct duty assignments or permissions in
asymmetric multiprocessor configurations, etc.) is often performed via user interfaces. I also agree
that, based on this common knowledge in the art, a POSITA would have understood Kennedy’s
disclosure of selecting the processor to boot the system as including a spare processor selection
(e.g., one of the alternate processors not selected as the boot processor) made by input received
via a user interface. In my opinion, a POSITA would have been motivated to modify Kennedy by
Nguyen, Fox, and this common knowledge in the art to enable a user to select, via a user interface,
which processor is to serve as a spare to the boot processor. In my opinion, it was well within the
skill of a POSITA to modify Kennedy’s system by Nguyen, Fox, and the common knowledge in
this manner, and thus this combination of Kennedy, Nguyen, Fox, and the common knowledge
would have been expected to succeed. Accordingly, I agree that Kennedy as modified by Nguyen,
Fox, and this common knowledge in the art would have rendered the subject matter of claim 4
obvious to a POSITA.).

210.  Claim S: The system of claim 1 wherein each of said plurality of processors is a
processor module that includes a master processor and a slave processor (I agree that Kennedy
as modified by Nguyen and Fox taught multicore processor modules that each include master and
slave execution cores. See, e.g., Nguyen (Ex. 1008) 9 [0002], [0020], [0047]. In my opinion, a
POSITA would have been motivated to combine these disclosures from Kennedy, Nguyen, and
Fox to improve the spatial efficiency of Kennedy’s system by consolidating the amount of space
occupied by the processors. In my opinion, it was well within the skill of a POSITA to modify
Kennedy’s system by Nguyen and Fox in this manner, and thus this combination of Kennedy,

Nguyen, and Fox would have been expected to succeed. Accordingly, I agree that Kennedy as
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modified by Nguyen and Fox taught that each processor is a processor module including a master
processor and a slave processor.).

211. Claim 6: The system of claim 1 wherein said another of said plurality of
processors that is assigned said role of spare processor is an active spare before being
transferred said role of boot processor (1 agree that Kennedy as modified by Nguyen and Fox
taught that the alternate processor is an active spare before being transferred the role of boot
processor. See, e.g., Fox (Ex. 1006) at 7:8-10. In my opinion, a POSITA would have been
motivated to combine these disclosures from Kennedy, Nguyen, and Fox to improve the usage
and/or efficiency of the processors in the system. In my opinion, it was well within the skill of a
POSITA to modify Kennedy’s system by Nguyen and Fox in this manner, and thus this
combination of Kennedy, Nguyen, and Fox would have been expected to succeed. Accordingly, 1
agree that Kennedy as modified by Nguyen and Fox taught that the spare is active before being
transferred the role of boot processor.).

212, Claim 7: The system of claim 1 further comprising: an operating system,
wherein, responsive to the logic transferring the role of boot processor to the spare processor,
the operating system recognizes the spare processor as the boot processor (1 agree that a POSITA
would have understood that, because Fox’s failing processor automatically fails over to a hot spare
processor without affecting the operating system and then control is returned to the operating
system which updates the “active” processor list, the operating system would recognize the spare
processor as having assumed the role of the failing processor after the role transfer. See, e.g., Fox
(Ex. 1006) at Abstract, 4:16-25, 8:10-14, 3:28-31, 6:64-67. I also agree that, at the very least,
Kennedy as modified by Nguyen and Fox would have rendered the subject matter of claim 7
obvious to a POSITA due at least in part to Fox’s failing processor automatically being replaced
by a hot spare processor without affecting the operating system and then having control returned
to the operating system which updates the “active” processor list. In my opinion, it was well within
the skill of a POSITA to modify Nguyen’s system by Kennedy and Fox in this manner, and thus
this combination of Kennedy, Nguyen, and Fox would have been expected to succeed.).

213.  Claim 8: The system of claim 1 wherein said plurality of processors are Itanium
Processor Family (IPF) processors (1 agree that Kennedy as modified by Nguyen and Fox taught
that the processors would have been IPF processors. See, e.g., Nguyen (Ex. 1008) § [0045]. In my

opinion, a POSITA would have been motivated to combine these disclosures from Kennedy,
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Nguyen, and Fox to improve the spatial efficiency of the system by consolidating the processors
into the multicore processor package used by the IPF. In my opinion, it was well within the skill
of a POSITA to modify Kennedy’s system by Nguyen and Fox in this manner, and thus this
combination of Kennedy, Nguyen, and Fox would have been expected to succeed. Accordingly, I
agree that Kennedy as modified by Nguyen and Fox taught this claim limitation).

214.  Claim 9: [9.1] assigning a role of boot processor to one of a plurality of
processors in a system (1 agree that Kennedy taught assigning the role of boot processor to one of
the processors in the system. See, e.g., Kennedy (Ex. 1005) at 7:9-13, 2:17-21, 1:14-15.).

215.  [9.2] assigning a role spare processor to another of said plurality of processors (1
agree that Kennedy taught assigning the role of spare processor to one of the processors in the
system. See, e.g., Kennedy (Ex. 1005) at 7:9-13, 2:17-21, 1:14-15.).

216.  [9.3] responsive to detecting loss of lockstep for said boot processor, changing,
during system runtime, the assignment of the role of boot processor to said spare processor (1
agree that Kennedy taught replacing the boot processor with an alternate processor in response to
a failure of the boot processor, and Nguyen taught detecting an error (7.e., a loss of lockstep). See,
e.g., Nguyen (Ex. 1008) 9 [0008], [0024], [0054]-[0055]. In my opinion, a POSITA would have
been motivated to combine these disclosures from Kennedy and Nguyen to improve the reliability
of Kennedy’s system by providing fault tolerance and high availability in the event that the boot
processor fails through a loss of lockstep. In my opinion, it was well within the skill of a POSITA
to modify Kennedy’s system by Nguyen in this manner, and thus this combination of Kennedy
and Nguyen would have been expected to succeed. Accordingly, I agree that Kennedy as modified
by Nguyen taught changing the assignment of the role of boot processor to the spare processor
during system runtime in response to detecting loss of lockstep for the boot processor.).

217.  [9.4] responsive to changing the assignment of the role of boot processor to said
spare processor, an operating system of the system recognizing said spare processor as the boot
processor without requiring shutdown of said operating system (1 agree that a POSITA would
have understood that, because Fox’s failing processor automatically fails over to a hot spare
processor without affecting the operating system and then control is returned to the operating
system which updates the “active” processor list, the operating system would recognize the spare
processor as having assumed the role of the failing processor after the role transfer. See, e.g., Fox

(Ex. 1006) at Abstract, 4:16-25, 8:10-14, 3:28-31, 6:64-67. I also agree that, at the very least,
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Kennedy as modified by Nguyen and Fox would have rendered this subject matter obvious to a
POSITA due at least in part to Fox’s failing processor automatically being replaced by a hot spare
processor without affecting the operating system and then having control returned to the operating
system which updates the “active” processor list. In my opinion, it was well within the skill of a
POSITA to modify Nguyen’s system by Kennedy and Fox in this manner, and thus this
combination of Kennedy, Nguyen, and Fox would have been expected to succeed.).

218.  Claim 12: The method of claim 9 further comprising: [12.1] determining at least
one processor that is coupled to a common communication bus with said one of said plurality
processors assigned to the role of boot processor (1 agree that a POSITA would have understood
that any alternate processor installed in one of the slots of the backplane bus would have been
coupled to a common communication bus with the boot processor. See, e.g., Kennedy (Ex. 1005)
at 2:34-38. In my opinion, any form of identifying such an alternate processor would constitute a
determination of an alternate processor coupled to a common communication bus with the boot
processor. Accordingly, I agree that Kennedy as modified by Nguyen and Fox taught this claim
limitation.).

219.  [12.2] selecting said another of said plurality of processors to be assigned the role
of spare processor from said determined at least one processor (1 agree that Kennedy as modified
by Nguyen and Fox taught determining that the spare processor is coupled to the common
communication bus for at least the same reasons provided above in connection with this claim.
Accordingly, I agree that Kennedy as modified by Nguyen and Fox taught selecting a processor
coupled to the common communication bus to be assigned the role of spare.).

220. Claim 13: The method of claim 9 further comprising: during system boot-up,
system firmware identifying the spare processor and holding said spare processor in reserve as
a hot spare (1 agree that the BIOS was a very well-known example of firmware. In my opinion, a
POSITA would have understood that Kennedy’s BIOS constitutes firmware responsible for
identifying a spare processor and holding the same in reserve as a hot spare. Accordingly, I agree
that Kennedy as modified by Nguyen and Fox would have rendered the subject matter of claim 13
obvious to a POSITA.).

221.  Claim 14: The method of claim 9 further comprising: during system boot-up,
system firmware booting the spare processor as an active spare (1 agree that the BIOS was a very

well-known example of firmware. In my opinion, a POSITA would have understood that
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Kennedy’s BIOS constitutes firmware responsible for booting the spare processor as an active
spare. Accordingly, I agree that Kennedy as modified by Nguyen and Fox would have rendered
the subject matter of claim 14 obvious to a POSITA.).

222, Claim 15: The method of claim 9 wherein system firmware performs said
changing operation (1 agree that the BIOS was a very well-known example of firmware. In my
opinion, a POSITA would have understood that that Kennedy’s BIOS, which constitutes firmware,
is responsible for changing the role of boot processor to the spare processor in conjunction with
the CPUs’ slot selection logic. Accordingly, I agree that Kennedy as modified by Nguyen and Fox
would have rendered the subject matter of claim 15 obvious to a POSITA.).

223.  Claim 16: [16.1] a plurality of lockstep processor modules that each includes a
master processor and a slave processor that is in lockstep with said master processor (1 agree
that Kennedy as modified by Nguyen taught multicore processor modules that each include master
and slave execution cores in lockstep. See, e.g., Kennedy (Ex. 1005) at 1:14-19; see also Nguyen
(Ex. 1008) 9 [0002], [0006], [0008], [0020], [0024], [0047]. In my opinion, a POSITA would have
been motivated to combine these disclosures from Kennedy and Nguyen to improve the spatial
efficiency of Kennedy’s system by consolidating the amount of space occupied by the processors.
In my opinion, it was well within the skill of a POSITA to modify Kennedy’s system by Nguyen
in this manner, and thus this combination of Kennedy and Nguyen would have been expected to
succeed. Accordingly, I agree that Kennedy as modified by Nguyen taught a plurality of lockstep
processor modules that each include a master processor and a slave processor in lockstep with each
other.).

224, [16.2] a first communication bus with which at least a first two of said plurality
of lockstep processor modules are communicatively coupled (1 agree that Kennedy as modified
by Nguyen taught that the boot processor and the alternate processor are installed in slots on the
backplane bus. See, e.g., Kennedy (Ex. 1005) at 2:34-38. In my opinion, Kennedy’s backplane bus
is communicatively coupled to the boot processor and alternate processor. Accordingly, I agree
that Kennedy as modified by Nguyen taught a first communication bus with which at least a first
two of the plurality of lockstep processor modules are communicatively coupled.).

225, [16.3] a second communication bus with which at least a second two of said
plurality of lockstep processor modules are communicatively coupled (1 agree that Kennedy as

modified by Nguyen and Fox taught a plurality of processors that are interconnected to each over
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via two or more different buses (e.g., system bus 110, processor-to-processor buses 203, and
individual control buses 205). See, e.g., Fox (Ex. 1006) at 5:9-12, 5:41-45, FIG. 1. In my opinion,
a POSITA would have been motivated to combine these disclosures from Kennedy and Nguyen
and Fox to provide multiple communication channels and/or mechanisms for communicating with
the processors. In my opinion, it was well within the skill of a POSITA to modify Kennedy’s
system by Nguyen and Fox in this manner, and thus this combination of Kennedy, Nguyen, and
Fox would have been expected to succeed. Accordingly, I agree that Kennedy as modified by
Nguyen and Fox taught a second communication bus with which at least a second two of the
plurality of lockstep processor modules are communicatively coupled.).

226. [16.4] data storage storing information that assigns a role of boot processor to
one of said plurality of processors and assigns a role of spare processor to another of said
plurality of processors, wherein said spare processor is communicatively coupled to the same
one of said first and second communication buses as said boot processor (I agree that Kennedy
as modified by Nguyen and Fox taught memories that store CPU configuration information that
includes the roles of boot processor and alternate processor, which are assigned to processors
coupled to the same communication bus. See, e.g., Kennedy (Ex. 1005) at 7:9-13, 2:17-21, 2:34-
38, 9:16-21, 7:33-35. Accordingly, Kennedy as modified by Nguyen and Fox taught data storage
storing information that assigns the role of boot processor to one of the processors and assigns the
role of spare processor to another one of the processors, wherein the boot processor and the spare
processor are coupled to the same communication bus.).

227.  Claim 21: The system of claim 20 wherein said user interfuce presents for
selection as said spare processor at least one processor that is communicatively to the same one
of said first and second communication buses as said boot processor (1 agree that, for at least the
same reasons provided above in connection with claims 4 and 16, Kennedy as modified by Nguyen

and Fox would have rendered the subject matter of claim 21 obvious to a POSITA.).

B. Proposed § 102 Rejections for the Challenged Claims
1. Ground 1: Safford in light of Cepulis

228. lagreethat Safford discloses each and every limitation of claims 1 and 6, especially
in light of Cepulis’ clarifying explanation of “logical CPU 0,” for the reasons set forth in the
Request. Tidentify evidence supporting my opinions of invalidity of claims 1 and 6 under 35 U.S.C.
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§ 102 below. It is worth noting that certain claim limitations analyzed under 35 U.S.C. § 102 in
the Request are omitted from the claim set below for the purpose of brevity. In my opinion, the
Request’s § 102 analysis of those claim limitations is sufficient and does not require my support
to demonstrate a POSITA’s understanding of the prior art relative to those claim limitations.

229. Thave also reviewed and assisted in the preparation of Appendix D, which provides
a detailed mapping of Safford in light of Cepulis to claims 1 and 6 that accurately reflects my
opinions of invalidity under 35 U.S.C. § 102.

230. Claim 1: [1.2] data storage storing information that assigns a role of boot
processor to one of said plurality of processors and assigns a role of spare processor to another
of said plurality of processors (1 agree that Safford disclosed this limitation, whether expressly or
inherently, by teaching about memory that stores the architected states of microprocessors,
including the designation of a hot standby processor, and by teaching about the logical CPU 0
designation. For at least the reasons provided in this Declaration above and in the Request, I agree
that a POSITA would have understood Safford as disclosing a boot processor and failing over the
same to a hot spare processor. I agree that, even if Safford did not explicitly identify which
processor was the boot processor, Cepulis shed light on Safford’s use of a boot processor. See,
e.g., Cepulis (Ex. 1013) at 2:52-64. In my opinion, a POSITA would have also recognized “CPU
0” and “CPU 1” as being physical designations used by Safford’s computing system to identify
processors 111 and 113. I also agree that the use of both logical and physical designators by a
computing system is generally necessary when the role of boot processor can be assigned and
reassigned to a processor regardless of its physical position within a system. See Safford (Ex. 1007)
at 4:52-53 (“The processor pair 125/127 then becomes the logical CPU 0 in the computer system
100™). Thus, I agree that a POSITA would have understood “logical CPU 0 to be the boot-
processor designation used by an operating system to determine which of its processors is the boot
processor and/or to distinguish its boot processor from its non-boot processors. Furthermore,
because the architected states of Safford’s processors are copied from memory, I agree that a
POSITA would have understood the memory to be storing the boot-processor designation (e.g.,
logical CPU 0) and the hot-standby designation for the processors so assigned by Safford’s system.
See id. In view of these citations and the knowledge that a boot processor was a common
component identified as “logical CPU 0” in computer systems (e.g., Safford’s system), I agree that

a POSITA would have understood Safford as disclosing data storage that stores information
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assigning the role of boot processor to one of the processors and assigns the role of spare processor
to another one of the processors.).

231. [1.3] logic operable, responsive to detecting loss of lockstep for said boot
processor, for transferring, during system runtime, the role of boot processor to said spare
processor (1 agree that Safford disclosed this limitation, whether expressly or inherently, by
teaching about failing over a processor to a hot standby processor in response to a loss of lockstep.
I agree that the 781 Patent notes that a firmware component known as a processor abstraction
layer (PAL) “copies all the needed information from memory into the internal registers of the hot
spare processor so that the hot spare processor becomes a new active processor, transforming the
role of the hot spare to boot processor.” Ex. 1001 at 17:57-61. In my opinion, Safford disclosed
this limitation through an identical process for transferring the role of boot processor to the spare
processor. See Safford (Ex. 1004) at 32:29-32. For example, Safford taught “moving an
architected state of the processor unit experiencing the loss of lock step to the spare processor
unit, wherein the spare processor unit becomes an active processor unit in the computer
system.” /d. As explained above, I agree that a POSITA would have understood “logical CPU 0~
to be the boot-processor designation used by an operating system to determine which of its
processors is the boot processor and/or to distinguish its boot processor from its non-boot
processors. In view of these citations and the knowledge that a boot processor was a common
component identified as “logical CPU 0” in computer systems (e.g., Safford’s system), I believe a
POSITA would have understood Safford as disclosing failover of the boot processor (e.g., logical
CPU 0) to a spare processor in response to a loss of lockstep for the boot processor, especially in
light of Cepulis’ explanation of the meaning of the “logical CPU 0” boot-processor designator.
Accordingly, 1 agree that Safford disclosed logic operable for transferring the role of boot
processor to the spare processor during system runtime in response to detecting loss of lockstep
for the boot processor.).

232.  Claim 6: The system of claim 1 wherein said another of said plurality of
processors that is assigned said role of spare processor is an active spare before being
transferred said role of boot processor (1 agree that Safford disclosed this limitation by teaching
about a spare processor being active before a role transfer. For example, Safford taught that “the
processor 111 signals the node controller 130 that the first processor pair 111/113 has broken

lock step and that the first processor pair 111/113 should be taken ‘off-line.”” Safford (Ex. 1004)
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st 4 37240, "o bloek 238, the node controller 130 ‘rebnots” the processors 111 and 113, and the
processors 111 and 113 boonme the pew *hot standby’ processor paiy on the system 10007 8 &
£:57-60, Safford also taught that “the spave processor unki becomes an astive processor unit in

Ay

the computer aystem” & clafmn 1, In view of the above citations, | agree that a POSITA would
have understood Safford as teaching that a spare processor can be active hefore a role transfer.
Margover, T agree that a POSITA would have uwnderstood that the role at issue could be the boot
processor assigoment tn view of Safford for at least the samwe reasons provided above in connection

with elatm T & Accordingly, T agree thay Saffoed disclosed that the spare processor is an active

spare before being transferred the role of boot processor, i)

L0 Serondary Constderations

2330 Lis my opinton that the © nped Claims of the "781 Patent are wnpatentable as

obvious in view of the prior art references. T have considersd the secondary considerations that |

am aware of at this time and determined that they do not impact my opindons,

IX.  DECLARATIONIN LIEU OF DATH

wreby declare that all statements made herein of my own Rnowledge are true and that all
statements made on informaiion and belief are belioved 1o be true; and {orther that these statements

were made with the knowledge that williud false statements and the ke so made are punishable

by fing oy imprisonment, or both, under § 1001 of Title 18 of the United States Code and that such

witiud false stateoments may peopardize the validity of the application or any patent tasued therenn,
i calied to testify as to the truth of the matiers stated herein, 1 conld and would testity competensly.

< N . . o~

! declare under penalty of perjury that the foregoing s true and correct,
-

&

August 30, 2023

Andrew Wolle, PhD.
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METHOD AND APPARATUS FOR
RECOVERY FROM LOSS OF LOCK STEP

CHNICAL FIELD

Fhe technical ficld is computer systems
siepped microprocessors.

ompic

BACKGROUND

Advanced computer architectures may employ muitiple
SO GPRROCTSSGES. Some advanced coing

architecrures

-”Jpxoy muliiple microprocessors on one silicon ¢hip.
i WO nuicroprocessors may be imple-

1gle silicon chip, and ihe implamentation may
o as a dual core processor. Two or more of the
may operate i a lock step mode,
RCTOPracessors
wald,
fnstrates a typical
A dual core pro-
ving microprocessor
(core 1). The
s 12 and 14 are coupled to an interface
s exteral communications from the
i.numproue»sor ceres 12 und 14. In the dual core processor
14, the n X 12 and 14 operate as depen-
dent ontities. While the dual core processor 16 has advan-
tages n terms of size and processing speed, thw refiabitity of
Lh dual core processor 1 is not significantly better than that
PIOCESSOLS.
rediability, the dual core processor,
mltiple microprocessor architected computer systems, may
employ lock step features. FIG. I is a diagram of a prior
arl dual core processor that uses Jock :;tep techniques to
mprove overall reliability. In FIG. 1B, a computer system
18 includes a dual core processor 2§ havnv a single silicon
d--p 21, on which are implemented microprocessor core 22
and microprocessor core 24. lo employ lock step, each of
the microprocessor cores 22 and 24 process the same code
sireaimns. 1o ensure reliable operation of the dual core pro-
cessor 28, each of dw microprocessors 22 and 24 may
peratﬁ in “lock step.” An event that causes a loss of tock
p can occur on either or both of the microprocessor cores
1 24. An example of such an event is a data cache error.
of lock step, if not nmmnm vom.uuu, way cause the
compuier em 18 to “erash.” a failure of one
MiCIOPLOCESSOr Core may 11 processing of the dual core
provessor 20, and ih : wmpum system }.8 en if the other
PUCTOPrOCessor ¢
To detect a 1&: § 0
may be external to the chip 23, compares ommﬁ% from the
microprocessor cores 22 and 24. A difference in processi
detected bv the lock siep logic 26 is by definttion a loss of
lock step. A dr'm’back* he dual core processor arc
shown in FIG. 1B is that the logic to determine Joss of lock
step is exiernal 1 to the ¢ Ap. Thi or-fig,vrmfm mposes
delays in determining lfoss and requires addi-
110 architectural featur
‘he dual core sor 20 also makes recovery from a
foss of ock step difficult and time-consuming. F1G. 1C
ilhustrates a current methodology for recovering from a loss
of fock step. Jn G, 10, the dual core processor 24 is shown
coupled to memory 25, Should the dual core processor 28
Fer a loss of Jock step, recovery may be initiated by the
memory 25 saving the architected state of one of the
microprocessors 22 and 24 (ie., the micmprocessor that s

each of ﬂ-c Jock stepped
and

LUJ
owt rn's
a dual core proce

process the same
produce identical
mplementation of

5 other

g

<
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ecture 3

w

20

b

Z
ors 22 and 24
tod states of
from the

cousidered “good”). Then, both micropro
arc resct and reinttiadized. ¥ ly, the are
each of the microprocessors 22 and 24 is co

mermory 25 1nto the macroprocessors 22 and 24, respectively.
This prior art methodology for recovery from a loss of lock
step makoes the microprocessors 22 and 24 unavailable for an
amount of time. If the amount of fime required for recovery
1s too long, the comput 1 18 employing the dual core
processor 28 may “crash.’

i

-

”

SUMMARY

An ‘inraratu operating ou an advanced multi-core pro-

5C
enhiance recovery from loss of lod ep i & ao-npal“r
n. In an embodiment, the apparatus for recovery from
s f)i fock step comprises a plurality of processor units
in the computer system, ¢ :,Lh of the processor
comprising at least two processor unlts operatis
step, ar\d at Eeac‘( ane i(?! e processor untt operating in

cessor uﬁ 8
idle processor unit, ﬂ';(: cmumil
copying an architected state of ;ua of th-: E
processor units 1o the idie processor it

The method comprises receiving 2 Joss oflock slep sig
from a processor unit; receiving a notice trow the proces
unit experiencing the loss of lock step 1o take the processor
urnit off line; and moving an o architected state of the processor
unit experienciny the loss of loele st pio g \pdlt, pruuexsur
unit, whetrein the spare processor unit becomas an active
processor nnit in the computer systera.

SCRIPTION THE

iGS

The detailed deseription will refor
res, in which like numbers refer to L

which:
FIG. 1A s a diagram of a prior art dual-core processor;
FIG. 1B is a diagram of a prior art duwal-core processor
emploving lock step;

FIG. 80 is a diagram illustrating pricr art recovery from

toss of tock QT@["
FIG.2 4

5a mak tam uf & computer system that us

3
iploving lock s

3 illustrates additional architectural features for use
very from loss of lock step for the computor system
L2 and

FIC 4 i3 a flowchart
f 1ok

iHlusirating a process for recovery
tep in the computer system of P1G. 3,

DETAILED DES

RIPTION

Hability of processing ussels, o compuier
system employs lock stepped processor cores that operate in
a master/checker pair. Pach of two processors in the pair
; e code ses, and the resuliing out-
puts ot the processos are co pace rJ by alogi focated
near external interfaces of the fwo pr ny differ-
ence in the processor ouiputs
error. The logic cireuit may
that halt operation of the two processors. shows
computer system 166 that coploys processors 111 {central
pmcessm unit (CPLD) 8) and 13 (CPU 1), which,
embudizueu: may be focated on 3 common sificon chip or
trate 110, Alternatively, the processors 111 and 113 may

ors. A

i du.z\tes the existence ©
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3
bc Jmp ented on separate subst . The processot
d 113 may operaic in an independent mode,
sfep mode. When operating in 2 lock step mod
cessors 113 and 113 wall appear
to be a single processor care, or a logical ¢
processor B3 may incinde crror detection and signaling
Jogic 112, and the processor £13 may include error detection
and signaling logic 114, The error detection and signaling
logic will he described later.

External logic circuit 118 monitors outputs of the proces-
sors 131 and 143 and may be used (o delect any diflerences
i the outpuis. As noted above, such differences ave indic
tive a potential error in at least one of the processors 111 and
113, However, which f‘f ﬂ‘e pmcc\mw 131 and 113 s
subject 10 an error ; pat be wi. On rare
oceasions. boih 13313 may be subi
to an error conditic
halt in processing of the processors 111 and 113
error can be corrected. In other words, any differe
culpuis cause ')Huck step, zvmi 3 halt to proce

i, Such an error condition may lead to a
until

the
the

i ioss

computer system EGB aduhonal 10'1111
detecting and stgnaling oecurrence of etrors, may be incor-
porated 1nto the computer system 168, For example, the
ervor detection and signaling logic 132 and 184 may be
included in the processors 111 and $13, respectively, or in
other parts of the computer system 160, to signal an impend-
ing loss of lock step. Using the jmpeno‘ing lo
signal, the computer system 188 may costinue operating
(processing) using one of the pr‘;u,wm 11t and 133 that d\d
1ot experience an emor. In p Umlar :
either of the lock s
used by the processors 111 arzd 113, respec
the impending loss of lock step. As anex:
due o completely random cireumstances, whe etrot
for a cache associated with the proces GCCUE,
Such an ereor can be completely COlE‘LCtBG (J,e,. the proces-
sor 11T does not need to be replaced), bt wi rantee that
the processors 111 and 113 will break lock step at some
future time because the data cache error i
difterences between the processors 3111 and 113, pro-
cessor 111 may detect the data caaru, SRt :md use the
detection of this data cache error to signal the logic circuit
115 that the processor 111 is experiencing an error that will
canse a loss of lock step, and that the processor 111 s “bad.”
The logic cjrcuit 1158 wmay then “rurn off,” thereby ending
fock step operations, and processing may continue ustng the
oo"i” processor 133, At some ﬁ-mr\ time recmery from

j(m of lock step {and co che error)

ely, Lo indicaie
and possibly

is executed to restore lock \tip O Derd[w)n 1€ Processors
111 and 113,
F1G. 3 iflustrates further architectural details for recovery

from loss of lock step in the computer system 108 of I
2. In FIG. the comp Wi with
additional processors 121, 123, 128, and 127, 45 well as the
processors 111 and 133, the processors 1331, 113, 121, 123,

125, and 127 arc coupled o node comtrolicr 138. The
processors operate as pairs when in jock step (le., the

s the processors 121

processors 11 and 133 are a first pa
. 127

and 123 are a pair; and the processors 125 and
are a third pzur) l-rom the node controller’s perspective,

each of processors appears as a single (Jogical} proces-
sor. The Processor ¢ J?ﬂl“ OF Processor “JU'S are coup pled to a
Jockstep logi chas the lmks:cp .ogu. 115 shown in FIG.
2 connectad 10 the node
> node ¢ om"ul e 1.50 provides means for
rrehitected a processor to another
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cessor. [n an embodiment, the node controller ¥38 has
available at all time a current architected state of the
processors to which the node controller 13¢ is coupled. In
another embodiment, the node controller 136 simply pro-
ides means for communication among the processors 111,
$2%, 123, 125, and 127, For example, the node con-

113,
troller 136 may store the architected state of the processors
111, 113, 3121, 123, 11.5, and 127, either wnteraslly 1o

3 the
node controfler 138, or in another component of the com-
puter system 166, Alternatively, the node controller 130 may
allow ome provessor {(e.g., the processor 1113 10 copy the
architected state of the processor 111 o another processor
(e.g.. the processor 125). In yet another alternative embodi-
nt, the node controtler 138 may allow 3 processor that has
broken lock step to copy, as part of the process for recov-

ering from loss of lock step, (he architected state of the
or 1o the node cont r 336, which will in turn copy

the architected state to a “hot standby” processor.
The six processors 11, 313, 124, 123 3258, and 127

(i.e., are proc Anb code seguen
argple, the processor 311 oper i lock step with rho
and the processor 121 operates in lock step
the processor 123 and the processor 128 operates in
the provessor 127
The processor 125 may be d 1 “hot standby,”
and is sitting idle in lock step mode with the processor 127.
Should one of the processors 113, 113, 121, and 123 suffer
an he hot standby processors 1258, 127 may be used
to speed recovery from the resulting loss of lock step.
F1G. 4 is s flow chart illustrating & process 208 for
recovery fro oss of Jock step using the comput i
18¢ shown in F1G. 3. The process 20 will be shown with
an et Cc-rdm‘ ir /113, The
he system 166
ek 210, the
mdicates an

Fore
processor 113,
W‘.'.h

.ng in a nor Mal Jock
or 111 detects &
impending loss of fock
signals the node controli
111/ "11’2

Processor pair
228, the node
contr n]‘er ﬂ{) copies the arch euled cfﬂe of the first pro-
cessor pair 111/313 to the hot standby processor pair 125/
127 In an emm)dxmem, the architected state of the first
processor patr 311/113 may be swored in the node coatroller
138, and to facilitate recovery, the node controler 13€

copies the qxoted state 10 the Jurd processor pair 125/327
atively, the node ¢ v 136 may copy the state of
rke tirst processor pair 1311/112 divectly from the processors

111 and 113 to the processors 125 dﬂd 127
intermediate storage of the architected in the node
er 139, or other component of the computer system
ssor pair 125/827 then becomes the logical
& 10 the computer system 168, and the computer system
1 operates hout 4 hot standby processor pair. In blc
225, recovery actions are exeewted on the fvst processor p
113/313 {e.g.. all caches are Hushed on the processors 111
and 113}, In block 238, the node controlicr 138 “reboots” the
processors 111 and 113, and the processors 111 and 133
become the standby” processor pair on the s
180 In block 235, = with the computer
system 108 operating the processors 128, 123, 128, and 127
lock step, and with the processors 118/113 idle and in hot
ndby.

The terms and deseriptions used horein are sct forth by
way of lustration only and are not meant as limitations.
Those skitled in the st will recogpize that many variations
are possible within the spirit and scope of the nvertion as

without any

ta

it
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ants, in
broadest

possible sense unless o

The invention claimed is:

1. A method for recovery from loss of
compuicy systom, comprising:
vmnb a k&s of Jock step signal { rc-m A processor unit
recegiving a notice from the loss of 3 processos unt
lock step processor unit oft line: and
state of the loss of lock swep
herein the
are processor unit becowmes an active processor unit

in the computer system.

2. The methoad of claim 1, further comprising correcting
an error condition in the loss of lock step processor unit.

3. The method of claim 2. Jurther comprising rebeoling
the loss ol lock step processor vart, whereby the rebooted
Processoy unit hecomes 3 new spare Y\I’T‘CC‘?QOY anit.

4. The method of claim 1, wherein moving the architected
state compuises copying (he are ted state from a node
controfler that couples the loss of lock siep processor unit
and the spare | rocessor unit.

8. The m m 1, wherein moving the architected
state C(JIHp{‘ib‘E‘S copving the architected state directly from
the foss of lock st or unit to the spare processor
unit.

lock step in a

moving tected

an
Processor liHIL o 4 SPAYE Pricessor unE

are:

%

1, wherein moving the architected

p-ooexsor un'
copying the are
the idle proces
7. An apparaius

eclea c»a(e ﬁ(-m the nod» controller to
oF unit,
@ recover from a b
multiprocessor computer systeni, wherein two or more pro-
cessor units operate in Jock step, conmprising:

in each of the TWO Or more processor units operati

of lock slep in a

2 in

.

ting a loss of lock step initiating event,
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>

int ,mu:g ev<,m m a sparm

e
the € processor unit operating idle

PrOCESSOT Uik,
in lock step.
8. The appm’aius of claim 7, further comprising means for
taking the loss of lock S0 Bt offi‘
9. The apparatus of claim 8, further comy ; means for
rebooting the loss of lock step processor but whereby the

rebr\"n-cd processor un it 1s designated as a new spare pro

10 The apparatus of claim 7, wherein the moving means
comprises:

means for copyi

g the architectad s
means for storing the iitected stat

11, The apparatus of claim 19, wh(.r cin the means tor
storing the arch ¢ comprises a node controfler
coupled to the two or more processor waits and the s
proce ¢

are.

or unit.

12. The apparatus of claim 7, wheredn the moving means
comprises means for copying the architected state directly
from the loss of Jock step processor upil to the spuare
Processor unit.

13. A method for recovering from a loss of lock step
operation in a muiti-processer computer system, compris-
ing:

detecnng a -0 S ofl(-&k step initiating evel

signaling 4 lock step;

copying of the loss of lock step

processor i a spare
idling the loss of lock step processor.

14. The method of claim 13, further comprising:

[0 r*e' tmv the loss of lock step event in the loss of lock

processor; and l&,bbb ¢ the foss of Jock step
processorﬂ whereby the rebe cd DIOCESSOY 15 & new
C PIOCCSSOT.

in a proce!

an ar‘chilectcd state
processor; and






