
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 (I 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 POSIT A 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 POSIT A 

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 (I 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. "[T]he CPUl 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". Id at 10:42-45. I 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 POSIT A 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 POSIT A 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 POSIT A.). 

183. Claim 14: The method of claim 9 further comprising: during system boot-up, 

system firmware booting the spare processor as an active spare (I 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 POSIT A. 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. "[T]he CPUl 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". Id at 10:42-45. 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 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 POSIT A 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, I agree that Kalyanasundharam as modified by Kennedy would have 

rendered the subject matter of claim 14 obvious to a POSIT A). 

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

changing operation (I 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 

"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. 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." Id. As demonstrated by 

FIG. 3 of Kennedy reproduced below, Kennedy's IOSM includes the BIOS . 

SLOT1 

CPU1 

c/23 ... 
ISTC 

MEMORY 

120 

FIG. 3 

. SLOB -~--r:160 
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__ L!6! --­
!STC 
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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 opm10n, 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 (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 POSIT A 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 (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. 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 oflock step to the spare processor 

unit, wherein the spare processor unit becomes an active processor unit in the computer 

system." Id. 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 PO SITA. 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 POSIT A 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. Id). 

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." Id 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, I 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 (I 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." Id 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 POSIT A 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 (I 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 POSIT A 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 POSIT A Id). 

192. Claim 5: 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." Id 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" 

Id, 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. 

Id 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 POSIT A 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. I 

agree that a POSIT A 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 POSIT A 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.). 

48 

Page 1017 of 1042



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 (I 

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 POSIT A. 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 POSIT A 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 POSIT A 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 CPUl 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". Id 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 (I 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. Id 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 (I 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 (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 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." Id at 9:1-5. "[T]he CPUl 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". Id at 10:42-45. I 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 POSIT A 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 POSIT A.). 

200. Claim 14: The method of claim 9 further comprising: during system boot-up, 

system firmware booting the spare processor as an active spare (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 14 obvious to aPOSITA. 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. "[T]he CPUl 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". Id 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 POSIT A 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. 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." Id. As demonstrated by FIG. 3 of Kennedy 

reproduced below, Kennedy's IOSM includes the BIOS. 
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FIG. 3 

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 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 POSIT A 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 POSIT A.). 
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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 POSIT A'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 (I 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 (I agree that Nguyen described detecting a loss oflockstep. See, e.g., Nguyen (Ex. 1008) 

1 [0008], [0024], [0054]-[0055]. I 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) 1 [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 POSIT A 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 (I 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 oflockstep 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 POSIT A 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 "[t]he CPUl 120 has a corresponding non-volatile memory 123 

which contains configuration information and CPU specific initialize and self test code (ISTC) for 

the CPUl 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 (I 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 POSIT A 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 POSIT A 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 (I 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 5: 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 multi core processor modules that each include master and 

slave execution cores. See, e.g., Nguyen (Ex. 1008) 1 [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 POSIT A 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 (I 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, I 

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 (I agree that a POSIT A 

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 (I agree that Kennedy as modified by Nguyen and Fox taught 

that the processors would have been IPF processors. See, e.g., Nguyen (Ex. 1008) 1 [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 (I 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 (I 

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 (I 

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 (i.e., a loss oflockstep). See, 

e.g., Nguyen (Ex. 1008) 1 [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 oflockstep. 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 (I agree that a POSIT A 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 (I agree that a POSIT A 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 (I 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 (I 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 (I 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 (I agree that the BIOS was a very well-known example of firmware. In my 

opinion, a POSIT A 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 (I agree 

that Kennedy as modified by Nguyen taught multi core 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) 1 [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 (I 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 (I 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 interface 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 (I 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. I agree that 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. I identify evidence supporting my opinions ofinvalidity 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. I have 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 (I 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 POSIT A 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 

O" 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 ofits physical position within a system. See Safford (Ex. 1007) 

at 4:52-53 ("The processor pair 125/127 then becomes the logical CPU O in the computer system 

100"). Thus, I agree that a POSIT A would have understood "logical CPU O" 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.). 

23 l. [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 (I 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 oflockstep. 

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 oflock step to the spare processor 

unit, wherein the spare processor unit becomes an active processor unit in the computer 

system." Id. As explained above, I agree that a POSITA would have understood "logical CPU O" 

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 

POSIT A 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, I 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 (I 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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processors 11 l and 113 beco1nr i.he ne,,, "hot stamlhy' prnf~ssor pafr on the system 1 UL" Id at 

4:57-60. Safford also taught that "the spare processor unit becomes ~m atth--c prncessor mdt in 

have understood Safford as teaching that a spare processor can be active bd<)re a role trnnsfor_ 

I\,loreover, r agree that a POSITA 'vvou!d bave Dnderstood tbat the role at issue rnukl he the boot 

processor assignment in vie\v of Satl\)rd fhr at leas!. the same reasons provided above in connection 

spare before being transferred the role of boot processor. id.), 

233. It is my opinion that the Ch<'llknged Claims of the '781 Patent are linpatentable as 

arn a\vaxe of at this tirne and deterrnined that they do not impact my opinions. 

IX. DECLARATlON IN lJEL Of OATH 

1 hereby dedare that all statements made herein of my oYvn kno\vledge are true and that all 

statementr, .made on infrmnation and belief are believed to be true; and funlH .. '.r that these statements 

,vere 1nack with the knowledge that ,villfui false statements and the like so made i'.tre punishable 

by fine'. or irnprisonrnent, or both, under§ 1 OOl of Title 18 of the United States Code and that such 

w1 Ufu.l folse statements may jeopardize the valicfay of the application or any patent issued thereorL 

! -- .!, ' · ·• +' 1 ' , .. ·i · ' l • l l ' 1 l . · • ,. 1 t ca 1eG to testi,y as to tfle trutn m LJe matters stateG 1erem., .. cou o m.ltJ \VOU ct testny co11iptten11y. 
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METHOD AND APPARATUS FOR 
lU:COYERY l<'ROM LOSS OF LOCK STEP 

IECHNlCAL FIELD 

·ntc technical field is computer systems employing lock 
stepped rnk:roprocessors. 

BACKGROUND 

Advanced computer architectures may employ multiple 
Jnicrop.rocessors< Son1e ad.vancecl coJnpnter archjtectures 
may employ multiple microprocessors on one silicon chip. 

10 

2 
considered llgoodVi). Then~ both n1tcroprocessors 22 and 24 
me reset and rcinitinlizcd. Finally, the an::hitcctcd states of 
each of the microprocessors 22 and 24 is copied from the 
memury 25 inlo Lhe micrnprncessor, 22 and 2,t respedivcly. 
This prior mi methodology for recovery from a los,; of lc,ck 
step makes the microprocessors 22 mid 24 utm vailablc for an 
amount of time. 1f the amount of time required for recovery 
is 100 k.111g~ the cornputer sy:;k'El 18 e1npluying tht' <..ii..rnl i..~ore 
pmce,sor 20 may "crash." 

S1TMtvfARY 

J\.n apparatus, operating on an advanced multi--core pm·· 
cessor architecture~ and a co1Tesponding nJethod, are used to In a typical appJication, t;:vo tnicroprocessors 1nay be jmp le­

ms>nteu on a single silicon chip, and the implscrm,ntation rm,y 15 enhance r-,,,overy from loss uf lock step in a compuler 
:;yste1TI. In an e1nbod]ment) the app2ratus for recove1y from 
loss of lock step comprises a plurality of processor units 
operating in 1he computer sys te111, each of the prccessor 
units c:01npris111g at lea~t tvvu proces~or units op;,;;xating in 

be referred to as a d1rnl core processor. T\vo or 1110.re of the 
multiple microprocessors may operate in a lock step mode, 
meaning that each of the Jock stepped microprocessors 
p.roce~s tht· san1e code seqL1ences ➔ and ~huuld, th~'.refOr,;:~~ 
produce identical mitpnts FlG. 1A illustrates a typic2l 
irnplen1entatlon of a dual core processor, _i\ dual con~ pro­
cessor rn includes a silicon chip 11 hc1ving microprocessor 
core 12 (core fl) and mjcroprocessor core 14 (core 1). The 
microprocessor cores 12 and 14 are cm1p1ed to an interface 
1ogjc 16 that rnonitors exte1na] conJmunications frorn the ;.s 
micruproce,;sor cores 12 and 14. In the tlual core processor 

20 lock step, and at least one id]e processor 1.n1it operatjng jn 
lock step; and a controll,,r coupled to at least the at least two 
processor units operating in lock step and the at leas1 one 
jd1e processor unit~ tJ1e controHer conJprjsing 1neans fr)r 

10, the 1nicrop1ocessor cores 12 and 14 operate as indepen­
dent entities. vVhilc the dual core processor 10 hus advm1-
tages -in tern-ts of size and processing speed~ the rel-iab-i1jty of 
th,, dual core proc,'ssor 10 is not significantly b,'tkr lhan that 30 

of V.:vo single core processors. 
To enJrnnce re]jab_thty, the dual core processo1) or other 

rrmhip]e 111icroproces:;or ::irchitected computer :;ysterns, lYi(iy 

employ lock step foatures. FIG. 1B is a diagram of a prior 
arl tlual core prrn.:essor lhal uses lock s1ep te,;,;lmiques to 35 

.in1prove overall reliability. ln FIG, 1B, a co1nputer syste1n 
18 includes a dual core 1xoce•;sor 20 having a single silicon 
chip 21, on which are impkmented microprocessor core 22 
and microprocessor core 24. To employ lock step, each of 
the 1nicroproce"sor cores 22 ::-1nd 2~ process the sr.:":"me code t:iO 

strearrl'i. To en•;ure reliable operation of the dual core pro­
cessor 20, 1.~och of the rr1jcruproc:essur:-. 22 ;;uuJ 24 rnoy 
operate in "lock step." An event that c,rnses a los,; of lock 
step can occur on either or both oftlw mjcroprocessor core, 
22 and 24. An ex,nnple of ,;uch mt event is a data cache error. 45 

A Joss. of lock sk~p, if not protuptJy .,.~o_rrected? 1nay canst~ the 
computer ,ystem rn to "crash." That is, a failure of one 
111jcroprocessor core 111ay halt proce:,s-ing of the dua] core 
processor 20, ilnd the computer syskm 18" ,,v,,11 ir the other 
111icroprocessor core does not encounter ,-tn e::.Tor. 50 

To detect a luss of luck step, a lock step lugic 26, which 
111::-iy be exter_:_w] to the cbjp 21) con1p::-ires outputs fro1n_ the 
microprocessor cores 22 and 24. A difference in processing 
derecred by the Jock step logic 26 is by definitjon a Joss of 
lock step. A drawback m the dual core processor architecture ,, 
sho\vn jn FJ(j, 1B ls that the logic to detennine Joss of 1ock 
step is external to the chip. This configmation imposes 
delays in detennining loss of lock step, ,1tK1 reguires addi­
tional architectural features. 

copying an architected state of each nf the at least 1vvo 
processor units to the idk: processor unit. 

The melhou rnmpriss>s rscceiving a loss uflo,·k slt=11 signal 
i.i:01n a processor -1111jt; rex-.:ejv_tng a nottce fro1u tbe processor 
unit experiencing the loss o flock step to tacs:c the processor 
unit off line; and 1noving an arcbjtected state of the processor 
unit experiencing tilt, luss of lot:k sl,'JJ to a spare proctes;sor 
unit, ,,vherejn the :~p,1re processor unit becon1es an active 
processor unit _in the corflputer systerrL 

DESCRlFIION OF THE DRJ'\WlNGS 

The detailed dcs,,ription will rcti..T to the following fig­
ures. in which like numbers refer to like elements, and in 
which: 

FJG. L .. \ is a diagram of a prior art dual-core- processor; 
FIG 1B is a diagram of a prior art dual-core proct,ssor 

employing lu,-k step; 
FJG. lC i, a diagram illustrating prior art recovery from 

loss of lock step; 
FJCi. 2 is a dingram of n con1p11ter sy:,tem thnt uses an 

improved, multi-core processor employing lock step pro­
cessj_ng; 

1, JG. 3 jllustrates addjtional :1rchitectural features for use 
in re,,ovef)' from loss of lock step for the computer system 
of FIG. 2: and 

FJG. 4 is a Jlowchart i1lustrating a process for recovery 
from loss oflock st,,p fa the computer sym,m of PlG. 3. 

DETAILED DESCRIPTION 

To i1r.1pnJvt: n:1j~~bj]ity of JHo-.:1.~:.;~ing ,~sseis, a con1pukr 
~ystern en1ploys lock stepped proces~or cores ihat operate in 
a rna,tcr/chcckcr pait. Each of two processors in the pair 
processes the same code sequen,,es, and the resulting out­
puts ofth,, processors an, compared by a logic circujt located 

The dual core prc,ces•mr 20 also m2kes recovery from a 
loss of Jock step dilflcult and time-consuming. FJG. lC 
illustrates a current methodology for recovering from a loss 
of lock step. Jn 1, j(j. 1 L\ the dua1 core proces:,or 20 is sho\vn 
coupled to memory 25. Should the dual core pro,,cssor 20 
suffer a Joss of Jock step, n,covt:ry may be initiated by the 
nk~1nory 25 ~aving the architei..~ted state of one uf tlit:~ 
n1icroprocessors 22 ;:ind 24 (j .e. 1 the 111icroprocessor that is 

60 ne;1r external interfaces of the t\vo processors. Any differ-• 
ence in the processor outputs indicates the existence of an 
eJTor. The logk, circuit may then initiate a sequence of steps 
that hnlt operation of the t\vo proces:,ors. FIG. 2 :,ho\v:, a 
computer system 10() that employs procc%ors 111 (central 

65 processor unit (CPU) 0) and 113 (CPU 1), which, in an 
e1nbudir11ent1 niay be located 011 a corrunon sllil'Oll dilp or 
;;nb,trnte 11 (). A ltematively, the proce,,sor;; Ul an,1 113 may 
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he jn1p1ernented c•n separate substrates. The processors 111 
and 113 n1ay operate in an independent 111odc, or in a lock 
step mode. W1,en opemting in a Jeck step mode, the pro·· 
c<,c;surs 111 aml 113 \,iJl aJJP<'ar (u tlk, comput,-r sysl,'m 100 
to be a single prnce,;sor rnre. or a logical CPU 0. The 
processor 111 may include crmr detection mid signaling 
logic 112, and the processor 113 may include error detection 
and :;ignaling logi1.: 114. Tht:· error d1;:~te1..~tio11 and signaling 
logic will be described later. 

External Jogk circuit 115 monitors outputs of the proc<,s- 10 

s,irs 111 and 113 and may be used lo detect &'ly diITerences 
in the mitpms. As noted above, such differences are indica­
tive a _potential error in at least one of the processors 111 and 
11J, Ro\,iever~ vvhich nf the processors -u1 and 113 is 
subject lo an error condition may not be knov;n. On rare 15 

occasions. both the pm<.·essms 111 and 113 may he subje<:t 
to m1 error conditiu.n. Such an error condillou n1ay lead to a 
lrnit in processing of the processors l11 and 113 until the 
error cafl Ix, corrected, In other words. nny difl:erence in the 
outputs cause~ a loss u l Jeck slep, and a halt to proces~ing. 20 

Tl-:i 1ffJJ)llYve a\iaiL-1bility of the processors assets of the 
computer system I 00, additional features. such as means for 
detecting and signafrng occun·ence of errors, m8y be jncor­
pornted iuto the computer sy,tem 100. Fur example, the 
error detectio.n and sjgnahng Jog-ic lJ 2 an.cl 114 n1ay he ;.s 
included in the processors 111 and 113, respectively, or in 
other parts of the cornputer system 100) to s-igna1 an impend-
ing Joss of lock step. Using the impending loss of lock st<'P 
:,jgrn·:d) the con1pnter syste1n 100 1nay cnnti1u1e operafrng 
(processing) using one of the processors 111 and 113 that did 30 

not experience an e1Tor. 1n particular, ce1iain evenb v,ithin 
either of the lock stepped processors 111 and 113 may be 
used by the processors 111 and 113, respectively, lu indicale 
fae impending Joss of Jock step. As an example, m1d possibly 
due 10 con1p1etely random circums1nnces, a data cache error 35 
for a cache associat,,d 1vith the processor 111 may occur. 
Such ,rn error cm1 be completely cot-rected (i.e., the prLices~ 
snr 111 does not need tn he rep1aced), hut ',Nill guarantee that 
the processor,; 111 and 113 will break lock s1ep at some 
futur.;.~ tiHk~ be'--:au~e the data i,;ad1e error ca1::s;;;~s tfrning t:iO 
ditierences bet\veen the processors 111 and 113. ll1e pro•• 
cessof l 11 may detect the dntn cr,che error, rmd use the 
detection of this dala cache error to signal the logic circuit 
115 that th;;;~ processor 111 is expt"riencjng an error that wjJl 
canst:' a loss oflock stt:'p, and that the proce,sor 111 is "bad." 45 

The logic circuit 115 may thm "turn oJf," thereby ending 
10..,,k ~ta;~p operation~~ 0.11d p.n_;1,,·t·s.sing nwy continue using tlit."": 

"goodn processor 113. ,!\it sorne futnre tjrne) recovery fi·on1. 
the Joss oflock step (and cornx,tion of the data each,, error) 
is exectited to restore lock step operation of the processors su 
111 and 113, 

4 
processor. In an en1bodjJnent) the node controHer lJO has 
a rnilabk nt all time a current arcr.itcctcd state of the 
processors to which the node controller 130 is coupled. In 
another ernbodirnent~ thr.:~ nodr.:' cuntrolle;'r 130 :;i1nply pro­
vides me;ms for comm1micalion among 1he processor,; 111, 
113, 121, 123, 125, and 127. For example, the node con­
troller BO may store the arcbtected state cf the processors 
111, 113, 121, 123, 125, and 127, eitlic,r internally in llie 
node contm11er 1]0, or in another component of the cnm­
pm<,r syst,'m 100. Alternatively, the nod,, controller 130 may 
aHow one processor (e.g.~ the proce:;~or 111) to copy the 
aff:hirected state of the processor 111 to anotlwr processor 
(e.g., the processur 1251. [n yel anothscr alt<crnalive embodi­
ment, the node controller 1 ]0 n1ay a1l1T1v a processnrthat has 
broken lock s\ep to copy, as pmt of the process for recov-· 
e1ing frcm loss of lock step, Lhe archilecled slate of the 
proce:;sor lo the node cout.roller 130, \Vhich vvill in. turn copy 
the architected state to a "hot standby" processor. 

Th<, six prcx,essors 111, 113, 121, 123, 125, and 127 
operate in 1ocl: step (i.e.~ are pnx:essing code sequences). 
For exar.nple, the processor l] l oper::1tes in 1ock step w1th the 
processor 113, and lhc processor l 21 operates in lock step 
with the processor 123 and the processor 125 operates in 
lo•.:k step \vith th~ pro•.:ess0r 1.27. 

The processor 125 Jnay be Lles1gnated as ::1 ~~bot standby," 
and is sitting idle in lock step mode with the processor 127. 
Should one of tlu, processors 111, 113, 121, r,nd 123 suffer 
an error. thr.:' hot ~tandby proces~orj 125, 127 1nay be usr.:'d 
to speed recovery from the resulting loss of Jock step. 

FlG. 4 is a t1ow d1m1 illustrating " process 200 for 
recovery from a lo';s of lock step using the computer ';ystem 
100 shown in FlG, 3, The process 200 will be shmvn with 
an e1Tor rnndilion in the ftrsl processor pair 111/113. The 
operation 2UU begins in block 205 with the syc;tem 100 
opernting in a nonnal lock step fashion. In block 210, the 
proc..:;ssor 111 dt;tects ari t;rror ..:;v,;;:;nt that indicates an 
impending loss of lock step. Ill hklck 215, the processor 111 
signals the node controller 110 thrH the first processor pair 
111/113 has broken lock step and that 1he fir,;, proces';or pair 
111/113 should be taken "off-line." 1n block 220, the nolk 
controller 1JU copies the architec1ed state of the first pm•• 
ce,sor pair 111/113 to the hot stnndby p:roces,or pofr l25/ 
127, In an embodiment, \he architected state of lhe first 
processor pair 111/113 nrny be stored _in tJ1e node contJo1Jer 
130, and to facilitatc' recovery, the node controller BO 
copies the stored state to the third proce55or pair 125/127. 
AJt;.;;;11iativdy~ the node cuntroll;,;;;r 130 1nay copy the state of 
the first processor pair 11111P directly from the processors 
111 and 113 to the procmsors 125 □nd 127 without any 
intermediate storage of the architected state in the node 
controlle;~r 130~ or other co1nponent of the con1puter systern 
100. The processor pair 1251127 thc,n bernmes the logical 
CPU O 1.n trJe cornputer s:yste:tn 100, and the co_1nputer systetn 
100 operntes without a hot standby pro,,essor pair. In blocsk 

FJG. 3 illustrates forther architectural details for rernvery 
from loss of lock step in the comr111tff system 1 llll of FlG. 
2. In F[G, 3, the computer ';ystem 100 i'; shown with 
additiurrnJ pnKt:ssurs 121, 123. 125, and 127~ QS weJJ a::: tlu~ 
processors 111 and 113. The processors 111, lB. 121, 123, 
125, and 127 arc coupled w node control!cr 130. The 
processors operate as pairs when in lock step (i.e., the 
processors 111 mid 113 are a fifst paic the processors 121 
and l:B are a second pair: and 1he processors 125 and 127 
are a third pair). From the node controller's perspective, 
each pair of processors appears as a single (logical) proce~;­
:,or. J 'he processor pairs, or processor 11Jllts, 2.re coupJed to a 
lockstep logic, such as the lockslcp logic 115 ,hm,vn in FIG. 
2, and the lockstep logic is then connected To the node 
comroJl,,r 130. The' node controll,-r 130 provick, meam for 
copying the arcbjtected state cf a _processor to another 

:'-5 225, n;l.:ov~ry oc1ions ru1~ 1.;~x.1.;x:ut~xl un the 11:rsl pnx:essor pair 
111/113 (e.g., ~n caches are fo.1ohed on the proces,ors 111 
and H3). ln block 230, the node controlkr !30 "rcboots"the 
processors 111 and 113, and the processors 111 and 113 
becon1..e th1;: !K:w- ''hot standby)~ processor pair on th1;: systen1 

60 l(J(). ln bl eek 2]5, the operation 200 ends, wi1h the computer 
sy,tem l 00 operating the processors 121, 123, 125, and 127 
in lock slep, and with the processors 111/lB idle and in hot 
,t,,nclby. 

The terms and dcsniptions used herein arc set forth by 
65 \Vay of illustration onJy and rue not meant as limitation:,. 

Thost; skilled in the;' art vvill nx.~ug.nize that niany variations 
::ire possible vljthin the spir1t an<l scope of the 1nventjo:n as 
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defined jn the fol1ovving clain1s. and there equiv,1}ents, in 
\vhich all tcn.ns arc to be understood in their broadest 
pos,;ihle sense unles:, othenvise indicated. 

'l11t~ .inv-.:~ntion ,.:lairrieJ is: 
1. A method for recovery from lo;;s of lock step in a 

computer system. comprising: 
receiving a loss of Jock step signal from a processor unit; 
k'ceiving a not.ice fron1 th~, lo:;s oflu ... ·k ':>kp procc%or unit 

to take the loss nfiock step processor uni1 off line: and 
moving ,m architected stat,, of the loss of lock st,,p 

processor unjL to a spare proce~sor unit 1 wherein the 
spate processor unit becotnes an acth,,e processor unit 
in the computer system. 

2. The method r,f clain1 1 ~ further crn11prising con-ecting 
an error condition in the loss of lock step pro,cessor unit. 

3. The rnelho<l of claim 2. forlher c.·omprising rehcoling 
tht' loss of lock step processor unit, whereby the rebook~d 
processor 1Jnit hecomes a ne\v- spfue processor unlt. 

6 
1neans tOr sign,1ljng an i1npendjng loss oflc•ck step~ and 

me2ms for moving an archi!ec!ed state c:f a processc,r unit 
havi11g the loss of lock step initiating event to a span; 
proce,;sor unit, the ,;pare proce,;sor unit opern1ing idle 
jn ]ock step 

8. 'The apparatus of clairn 7, furtl.k~r con1pris.ing 11.lJ:'clllS fcJr 
taking the loss of luck step processor unit off line. 

9. The appara1us of claim 8, further comprising means for 
rnbooting the loss of lock step processor uiliL wh,,reby th,, 

10 rebuuted processor unit is designated as a new spare pm•• 
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HJ. The apparatus of claim 7, wherein the moving means 
cornprlse~: 

1neans for copying the architected state; and 
nH:;ans for storing tht; arch.itt;cttx1 state. 

4. rhe method of cbim L wherein moving th,, architected 
state comprjs~s copying th~ an.:hikckd state from a node 20 

controJler that couples the loss of 1ock step processor lrnjt 
nnd the spare processor unit. 

11. The apparntus of claim 10, when,in the means for 
storing 1he architected state comprises a node con1rn1ler 
coupled to tbe t,;.,,,o or rnore processor units and the spare 
pmcessor unit. 

12. Tho apparatus of claim 7, wherein the moving means 
cornpd:,es means for copyjng the archhected state directJy 
from thsc, loss of lock ,;lep pmcessor unil lo the spare 
processor unit. 5. The method of claim l, wherein moving rhe architected 

state ,ompri,es copying the ard1itected ,;tate direc:tly frum 
the Joss of lock step processor unJr to the sp8re processor 
unit. 

6. The method of claim l, wherein moving rhe architected 
state co111pri:::es: 

copying the archjtected state fron1 the loss of lock step 
processor -unit to a nod-.:~ co11trol1er: :1.._Y1d 

copying 1he m-chitected state from the node con1rnller to 
the idle processor unit. 

7. An appardus lo recovt'r from a loss of loc.·k step in a 
n1tiltiprocessor cu1.nputer ~ysten1~ "vherein tvvo or rnore pro­
ces:;or unhs operate in lock step, con1prisj11g: 

in each of the two or 1nor'-:~ pro(:-.:'ssor units operating in 
lode step: 
tnean;-; for detecting a loss of lock step ir'lltiating event, 

and 

lJ. A 111ethod tl-,r recove1ing fron1 a loss of !ock step 
;.s op<:~ration in a 111ulti-proc1;:~ssor corr1putt;r syste1n: con1pris-
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ing: 
detecting a loss oflock step ini1iating event in a processor; 
signaling an impendin~ loss of loc:k step; 
copying an ard1iteded state of the los; of lock step 

r,roc-es:,or to a spare processor; and 
idling th-.:' loss of lock st1;:'p proc'-:~ssor. 
14. The method of claim 13, fu1ther comprising: 
correcting the loss of lock step event in the loss of lod, 

step proce:tsur; and rebouting the loss of Jock step 
proce~s.or, vvhereby the rebooted proct~:;s.or 1:; c. ne"'r 
spare processor. 
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