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Nicol Overview

POWER REDUCTION IN A
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[57] ABSTRACT

Improved operation of multi-processor chips is achieved by
dynamically controlling processing load of chips and

controlling, significantly greater than on/off granularity, the

operating voltages of those chips so as to minimize overall

power consumption. A controller in a multi-processor chip

allocate§ tasks to the 1nd1v1.dua1 processors to equalize TASK P
processing load among the chips, then the controller lowers [ CHIP
the clock frequency on the chip to as low a level as possible
while assuring proper operation, and finally reduces the S I U S e S S S
supply voltage. Further improvement is possible by control- Ex. 1009 at Fig. 4 (annotated); Pet. at 12-13
ling the supply voltage of individual processing elements

Ex. 1008 within the multi-processor chip, as well as controlling the

supply voltage of other elements in the system within which

the multi-processor chip operates.

INTEL - 1006
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Nicol’s RTOS

A real-time
operating system resides in PE 100 and allocates tasks to the
other PEs from a mix of many digital signal processing
applications.

B T S s S >

Ex 1009 at 2:53- 56

- A controller in a multi-processor chip
allocates tasks to the individual processors to equalize
processing load among the chips, then the controller lowers
the clock frequency on the chip to as low a level as possible
while assuring proper operation, and finally reduces the
supply Voltage

Ex 7009 atAbstract

In the FIG. 2 arrangement, in accordance with the prin-
ciples disclosed herein, the applications that need to be
processed are mapped to the N PEs under control of real
time operating system (RTOS) executed on PE 100. If the
number of instructions that need to be executed for each task
1s known and made available to the operating system, a
scheduler within the operating system can use this informa-
tion to determine the best way to allocate the tasks to the
avaﬂable processors n order to balance the computation.

Pet. at 12-14 EX 1009 at3 10 78
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Nicol’s Figure 2 Embodiment

For example, in one of the embodiment
disclosed above all of the PEs in a multi-processor chip are
subjected to a single controlled supply voltage. In another

embodiment disclosed above each of the PEs in a multi- Figure 2:
processor chip is subjected to its own, individually Same Frequencv/Voltaage
controlled, supply voltage. It should be realized, however, 9 y 9
that a middle ground is also possible; i.e., the PEs of a for All PEs -
multi-processor chip can be divided into groups, and each - v Yed
group of PEs can be arranged to operate from its own =~ 1
i Ic
controlled supply Voltage % :
e YRPTSY 120 130 | __r¥
Ex. 1009 at 6:61-73 % L -0 LT 1
| | CALIBRATION —T 000 ‘{‘ |
The FIG. 2 system uses the operating system to react to | CONVERSION ; ] |
variations in the system load. As more tasks are entered into 101 1 |ew 102 | f il
the “to-do” list, the operating system of PE 100 computes REFERENCE } \ 10 : LA 1
the correct way_to_balance the additional computational CLOCK | l_F'LvL{ £ CLK-L 1
requirements and allocates the tasks to the processors. It then : =] : Vgg ~LOCAL
computes the requlred operatmg frequency. FREQ REQ~—1—— 400 :
e — S —— N — |
1L |
Ex. 1009 at 5:24-29 nses 1 =] @) e | [ o | [ o o= o | |
The benefit of this approach for some applications i PE 130 1 I 1 1 :
becomes apparent when it is realized that the chip-wise : TEVEL 1017 M021 *103 104:
voltage scaling is most effective when the load of the t SHFIFTER I
computation can be evenly distributed across all of the PEs. %_ __________________________ J'

In some applications, however, one may encounter tasks that
cannot be partitioned into concurrent evenly-loaded threads S - -
and, therefore, some PE within the multiprocessor would ——— — 7

require a higher operating frequency and a higher operating EX 1009 at Flg 2 (annOtated)
voltage. This would require raising the frequency and volt-

age of the entlre multlprocessor ch1p

Pet. at 12-14, 25- 27 Ex. 1009 at5 56-65 .



Nicol’s Figure 4 Embodiment

A separate power supply for each PE in a chip overcomes
this limitation by allowing the operating system to indepen-
dently program the lowest operating frequency and corre-
sponding lowest supply voltage for each PE. The architec-
ture of such an arrangement is shown in FIG. 4.
T T T T T T T B 1009 at 5:66-6:3

It also has a PE
200 that assigns the tasks given to the multi-processor chip
of FIG. 4 among the PEs.

Ex. 1009 at 6:11-12
For example, in one of the embodiment

disclosed above all of the PEs in a multi-processor chip are
subjected to a single controlled supply voltage. In another
embodiment disclosed above each of the PEs in a multi-
processor chip is subjected to its own, individually
controlled, supply voltage. It should be realized, however,
that a middle ground is also possible; i.e., the PEs of a
multi-processor chip can be divided into groups, and each
group of PEs can be arranged to operate from its own
controlled supply voltage.
B "Ex. 1009 at 6:61-73
Pet. at 12-14, 25-27

Figure 4:
Ability To Independently Set Frequency/Voltage for Each PE
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Nicol’s Middle Ground Embodiment

Middle Ground:
Ability To Independently Set I
Frequency/Voltage for Groups of PEs
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Pet. at 12-14, 25-27 8



Dr. Mangione-Smith

Q. So in the middle ground embodiment there are circumstances where

A.

one PE’s frequency will be set by the controller to be -- will be set by
the controller based on the load of another PE; fair?

| do think that in this hypothetical situation we were just talking about,
whether it's a Figure 2 system in isolation or sort of this middle ground
that combines elements of Figure 2 with Figure 4, the Figure 2
components, PE 1 and 2, will operate -- will be configured to operate at
a clock speed that satisfies the requirements of whichever one is most
heavily loaded.

Reply at 7-8

Ex. 1051 at 65:12-25 (objection omitted)
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The ’605 Patent — Claim 1

Claim 1

1. A method for operating a multiprocessor system com-
prising a plurality of data processing cells, each of the plural-
ity of data processing units (a) including at least one Arith-
mctic [.ogic Unit (AI.UJ) and a register unit and (b) being
adapted for sequentially processing data, the method com-
prising;

the multiprocessor system setting a clock frequency, of at

least a part of the multiprocessor system to a minimum in
accordancc with a number of pending operations of a
first processor:;
the multiprocessor system subsequently increasing the
clock frequency of the at least the part of the multipro-
cessor system to a maximum in accordance with a num-
ber of pending operations of a second processor; and

the multiprocessor system subsequently reducing the clock
frequency of the at least the part of the multiprocessor
system in accordance with (a) an operating temperature
threshold preventing over-temperature and (b) a hyster-
esis characteristic.

R T T U S v - ——

Ex. 1003 at Claim 1
11



Nicol Teaches Setting The Clock Frequency To A Minimum Based

On The Number Of Pending Operations Of A First PE

the multiprocessor system setting a clock frequency, of at
least a part of the multiprocessor system to a minimum in
accordance with a number of pending operations of a
first processor;

B L S R R S —

| Ex. 1003 at Claim 1

FIG. 4 _______ I _ I _

A controller in a :WU‘-_IL—‘; ;WMM‘:"IL-; ______ ! (ST T :
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. : | [ oc-oc DC-DC DC-0C !
the controller lowers the clock frequency on the chip to as | |cowersion CONVERSION CONVERSION |
low a level as possible while assuring proper operation, and L * . |
finally reduces the supply voltage. E | CALIBRATION —— CALIB!;ATION CALIBRATION i
I 1

S ! » !
Ex. 1009 at 2:23-27 pghi= u 1 r |
! PE PE PE| |
FREQ | | :

|

A separate power supply for each PE in a chip overcomes First i | T s E
this limitation by allowing the operating system to indepen- TmmEcEET | l f ’ |
dcntly. program the lowest operating frequency and corre- i | ASYNCH COMMUNICATION NETWORK - 160 i
sponding lowest supply voltage for each PE. The architec- (PE1) | { j !
turc of such an arrangement is shown in FIG. 4. et I
T I | CONTROLLER CHIP :
b e 4

“Ex. 1000 at 5.66-6.3
Pet. at 35-37; Reply at 11-12 Ex. 1009 at Fig. 4 (annotated) 12



Figure 4 Controller Divides Tasks Among PEs

the multiprocessor system setting a clock frequency, of at
least a part of the multiprocessor system to a minimum in
accordance with a number of pending operations of a
first processor;

B L S T A ———

| Ex. 1003 at Claim 1

FIG. 4
sponding lowest supply voltage for each PE. The architec- i_ ‘ﬂm‘-r_i f_mmi‘:t-_i ______ E_ooooo T ﬂ;
turc of such an arrangement is shown in FIG. 4. Each PE in M il I
FIG. 4 needs an independent controller that performs the T S = 1
functions of PE 100 (cxcept it doecs not divide tasks among CONVERSION CONVERSION CONVERSION

PEs). As shown in FIG. 4, all of the controllers are embodied

in a single controller 200, which may be just another
processing element of the integrated circuit that contains the

A CALIBRATION { CALIBRATION CALIBRATION

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

|

other processing elements. Each processing element also i Lt AL } s i
requires a calibration circuit like circuit 120, and a voltage figo “LE i =
converter circuit like circuits 130 and 140. It also has a PE b ! i
200 that assigns the tasks given to the multi-processor chip First : | LEVEL CONVERTER 150 !
of FIG. 4 among the PEs. Processor ' | ] | |
o o - | | ASYNCH COMMUNICATION NETWORK [~ 160 |
Ex. 1009, 6:2-13 g | !

—— CONTROLLER P !

B T L S pre— i ——

Pet. at 35-37; Reply at 11-12 Ex. 1009, Fig. 4 (annotated) 13



Nicol Also Teaches Clock Gating PEs

Dr. Mangione-Smith

Q. [...] Aperson of ordinary skill in the art
reading Nicol would understand that,
when a PE doesn’t have a load on it, it
should be put into some sort of low-
voltage state that will minimize power
consumption. Is that fair?

Of course, V ,-local can only be reduced so-far before the
circuits start to fail, at which point the operating system
employs gated clocking techniques to “shut down” PEs that
are not needed. A. | think it's fair to say that in such a
I situation where there is no task running
SO IR EE SRS on a PE, a person would be inclined to
put it in such a voltage state as to
reduce the power consumption -- that
would result in reducing the power
consumption as much as they knew how
to. Yeah.

Ex. 1051 at 562:5-17
Pet. at 37-38; Reply at 13-14 14



A POSITA Would Understand Reducing To A Minimum In

Light of the ACPI Specification

Dafferent types of power and thermal management tech-
niques have been implemented in systems. A simple system
includes a sensor that detects for an over-temperature con-
dition and generates an interrupt to cause the computer
system to shut down or otherwise go into a low power state
(typically by deactivating components) when the over-
temperature condition is detected. Another more sophisti-
cated technique 1s defined by the Advanced Configuration
and Power Interface (ACPI) Specification, Rev. 1.0, pub-
lished on Dec. 22, 1996, that provides an interfacc between
the operating system of a system and hardware devices to
implement power and thermal management.

B o T PR v R A ———

Pet. at 38

- ra— BT R e

Ex. 1011, 1:6-17

Next, the power management module places (at 126) the
processor 12 into a low activity state (e.g., deep sleep, stop
grant, C1, C2, or C3 state). In the deep sleep state, which
may be the C3 state defined under the ACPI specification,
the external clock BCLK to the processor is disabled so that
no activity is performed by the processor except mainte-
nance of the stored data in the processor’s internal cache. In
the stop grant or C2 state, the processor performs minimal
activity, such as snooping for an internal cache line hit to
maintain cache coherency.

Advanced Configuration and Power
Interface Specification

Intl

Microsft

Intel Microsoft Toshiba

Ex. 1020

Ex. 1011, 12:58-67

15



Nicol Teaches Increasing The Frequency To A Maximum

the multiprocessor system subsequently increasing the
clock frequency of the at least the part of the multipro-
cessor system to a maximum in accordance with a num-
ber of pending operations of a second processor; and

R R A S =SS

Ex. 1003 at Claim 1

FIC. 3
<] For a maximally utilized system, all of the available
g processors ought to be operating at full speed when satis-
fying the maximum load encountered by the system. At such
| a time, the power consumption of the multiprocessor chip is
| _, i 100 MHz at its maximum level. However, as the load requirements are
2 - o T = lowered, the system should, advantagcously, rcduce its
= | 70 MHz 4 power consumption.
gy ! ! T E——
: ; A Ex. 1009, 2:65-3:4
-umm‘ l?ﬂ-ﬁﬂ*&— { NEW-TASK—EREATED—
TASK CREATED TASK STARTED TASK ENDED

R R T ——

Ex. 1009, Fig. 4 (annotated)
Pet. at 39-41 16



One PE’s Load Will Impact Load and Frequency

Of Other PEs

'The notion of adjusting operating trequency to load and
adjusting supply voltage to track the operating frequency

can be extended to allow each PE to have its own supply - _ -
voltage, The bor Dr. Mangione-Smith
o ~ Ex 1009, 5:53-56 Q. And so in that circumstance, the
RO 4 N decision about -- assigning the
T 7 — |l task to PE 1 and increasing PE 1's
T | -l frequency would be influenced by
; how loaded PE 2 and PE 3 are in
our hypothetical; right?
m% A. It's —it’s certainly possible with the
: J o e load on the other PEs might be
Pr:(:z‘sor SE e s Prsig:sor taken into account in allocating the
PE) | | | e T pp) tasks -- newly introduced tasks.
CrEmE o ! Ex. 1051 at 61:16-23

B TowR el PG 4 lorreraied
Pet. at 39-41; Reply at 16-17 X at Fig. 4 (annotated) )



PO’s Expert Agrees That All PEs

May Run At The Highest Clock Frequency

Dr. Mangione-Smith

Q. And on the -- now, let’s switch to the flip side. There are circumstances
in Figure 4 where all of the PEs were running at their absolute
maximum frequency; is that right?

A. | think each of the PEs in Figure 4 has -- as they show its own -- their
own independent power supply and dynamic voltage. Itis
hypothetically possible certainly that a particular load situation may
cause them all to be running at their highest possible clock frequency
and voltage.

Ex. 1051 at 54:2-14 (objections omitted)

Reply at 19 18



Nicol Teaches Combining Figure 2 And Figure 4

Middle Ground:
Ability To Independently Set
Frequency/Voltage for Groups of PEs

It should be realized, however,
that a middle ground is also possible; i.e., the PEs of a
multi-processor chip can be divided into groups, and each
group of PEs can be arranged to operate from its own
controlled supply voltage.

B P —————

Ex. 1009 666 73

Pet. 39-41; Reply at 16, 18-19
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FREQ | 3 ]
[ T |
' I
|
150 |
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19



PO’s Expert

Q. So if a PE is not the most heavily loaded PE in the gang, then its
frequency will be set based on some other PE’s load; right?

A. |think that that is largely consistent with what | said. In a sense that,
you know, if there’s a PE that is not the most heavily loaded one, its
operating state will be set based on whatever the load is of the most
heavily loaded PE.

Ex. 1051 at 69:7-16 (objections omitted)

Dr. Mangione-Smith

Q. And just so the record is clear, the situation you were just speaking
about occurs in the middle ground embodiment as well as in Figure 2; is
that right?

A. Yes. It's my understanding using the scant information that is provided,
that what | am calling a gang in the middle ground would operate the
same as the -- the system in Figure 2.

Reply at 19 Ex. 1051 at 69:18-25 20



PO’s Expert

Dr. Mangione-Smith

Q. So if a PE is not the most heavily loaded PE in the gang, then its
frequency will be set based on some other PE'’s load; right?

A. | think that that is largely consistent with what | said. In a sense that,
you know, if there’s a PE that is not the most heavily loaded one, its
operating state will be set based on whatever the load is of the most

heavily loaded PE.

Ex. 1061 at 69:7-16 (objections omitted)

Reply at 21 21



Over-Temperature Protection Was Well-Known

the multiprocessor system subsequently reducing the clock
frequency of the at least the part of the multiprocessor
system in accordance with (a) an operating temperature
threshold preventing over-temperature and (b) a hyster-
e31s charactenstlc

Ex 1 003 at C/a/m 1

Nicol Kling

Voltage scaling as a function of temperature has been 'To address the thermal 1ssue, claborate thermal dissipa-

incorporated into the Intel Pentium product family as a tion systems are often affixed to the processor to help
technique to achieve high performance at varying operating dissipate the heat [rom the processor to the ambient envi-

tlgmp;T;%rZszgn(%Erocess corﬁers. Itis descrihb'ed in U.S. Pat. ronment. Some processor packages include a thermal sensor
0. 5,440,520 1he approach uses an on-chip lemperature to monitor the temperature of the processor. If the processor
sensor and associated processing circuitry which issues a : .
: : : temperature exceeds a particular threshold, the processor is
code to the off-chip power supply to provide a particular . o
placed into low power mode until it cools off. If thcsc
supply Voltage : .
— R A precautions are not taken, the processor may destroy itself
Ex 1009 at 1:41-48 by its own heat.

B e S A e e s S SR === I ————

As indicated above, the operating system can reduce the Ex 1010, 1:38-46
supply voltage even further by tracking temperature and
process variations. For example, when the chip is nominal in
its characteristics, then it can be operated along line 20 of
FIG. 1, which calls for only 1.5V supply when operating at
70 MHz

J—— B T T e ——

Pet. at 42-43 "Ex. 1009 at 4.11-16 )



Overview Of Kling

For one embodiment of the present invention, the upper
limit is a constant value as shown in FIG. 2A. This constant B e B e e e e
value may be associated with an approximately maximum H
power that can be reliably consumed by the computer
system from a power outlet into which the system is plugged
before the outlet’s fuse or circuit breaker trips. This value

Ex. 1010 at 5:20-25

Lower
Limit

B R ——

Once the threshold is reached, the power controller sends ToTAL
a throttle signal to one or more ICs of the computer system.

e

Ex. 1010 at 5:38-40

ICs reduces its power consumption. For example, for one ’\/\/\A M
embodiment of the present invention, a processor of the
computer system reduces its core frequency while maintain-
ing a consistent bus frequency in response to receiving the .

S & SO duency ERAeSP S Figure 2A
throttle signal.

Y

TIME

el _ase b et et e oo _sammae. s P —

e — Ex. 1 071 0 at Figure 2A
Ex. 1010 at 2:48-51 -



Patent Owner’s Expert Admits That Temperature
Measurement and Temperature Sensors Were Well Known

Dr. Mangione-Smith

Q. [] So putting aside specifically where you would mount the
temperature sensor, a person of ordinary skill in the art who was
iImplementing Nicol but was concerned about overheating would at
least know of ways that he could do temperature management using a
temperature sensor somewhere near his chip; right?

A. Yeah. At least to the extent that the Pentium disclosed it, for example.

Ex. 1061 at 129:23-130:9 (objection omitted)

Reply at 20-21 o



Patent Owner’s Expert Admits Thermal Management
Was A Concern

Dr. Mangione-Smith

Q. So | think that at least we can agree, you know, at least in this section,
Nicol isn't criticizing or discrediting thermal management as an -- as
something that could be done here; is that right?

A. | think in this, the specific context of the discussion in chapter -- I'm
sorry, in column 4, which | think is -- yeah, it exists in the context of
figure 2. They are saying that thermal management may be a concern
that you need to address and that perhaps you can address it
somehow with what we are disclosing. I'm sorry, not -- perhaps you
could use it in the context of what we are disclosing.

Ex. 1051 at 134:19-135:9 (objection omitted)

Reply at 5 o5



Obvious To Apply Two-Threshold Method From Kling In An

Over-Temperature Monitoring System in Nicol

A Over-Temp Threshold
In accordance with this embodiment, the lower thresh- Uoper /
old may be set to a predetermined value selected to provide Limit {770 Y
hysteresis to reduce the occurrence of power oscillation
between the upper and lower thresholds. ﬂ
S — JF»E;—’I0>10_at551_54 HYStEFESiS Threshold
A\
il O e 2 e 7]
TOTAL
POWER

Dr. Mangione-Smith

Q. []I think what we can agree on as part of what hysteresis
is, is as we have talked about in the thermostat example.
Using a two-level threshold band such as in a
thermostat, that is an example of hysteresis?

A. | think that that’'s a good example of hysteresis writ large,
yes.

 /

TIME
Figure 2A

"Ex. 1010 at Figure 2A

Pet. at 44-45; Reply at 22 Ex. 1051 at 138:2-12 .



Obvious To Apply Two-Threshold Method From Kling In An

Over-Temperature Monitoring System in Nicol

Thus, 1n my opinion, a POSITA would have found it obvious to apply the A / Over-Temp Threshold
L _ o L e R
well-known two-threshold method (providing hysteresis) from Kling in Limit [ ﬂ
mmplementing an over-temperature monitoring system in Nicol for the same ﬂ
well-known reason—to reduce unwanted oscillations.
Hysteresis Threshold

O l

AL
Ex. 1001 at par. 192 Lower | | I VALY S O / |

Limit

TOTAL
POWER

Dr. Mangione-Smith

Q. []I think what we can agree on as part of what hysteresis
is, is as we have talked about in the thermostat example.
Using a two-level threshold band such as in a
thermostat, that is an example of hysteresis?

A. | think that that’'s a good example of hysteresis writ large,
yes.

 /

TIME

Figure 2A

p—— B A

Y "Ex. 1010 at Fiqure 2A
Pet. at 45; Reply at 21-22 Ex. 1051 at 138:2-12 g .



Institution Decision

Patent Owner argues that Petitioner fails to establish that a person
having ordinary skill in the art would have been motivated to combine Nicol
with Kling. Prelim. Resp. 18-23. We have considered all of Patent Owner’s
arguments, but are not persuaded by them. For example, Patent Owner
argues that the Petition is not supported by record evidence and fails to show
that over-temperature control 1s critical or necessary. Id. at 22—-23 (citing
Pet. 42). The current record contains ample evidence that processors that

overheat can and do fail. Ex. Ex. 1001 9 50-53, 102; Ex. 1010, 1:25-26,

1:38-47. Indeed, Kling explains that if thermal monitoring is not included

“the processor may destroy itself by its own heat.” Ex. 1010, 1:42-47.

Based on the current record before us, Petitioner’s assertions, supported by
record evidence, are reasonable and Patent Owner’s arguments and evidence

currently before us are not persuasive to the contrary.

R e S S R R = S —— S EE e

Institution Decision at 28 28



Using Hysteresis With Temperature

Is A Well-Known Example
PACT Sur-Reply

These admissions raise the question under ParkerVision, i.e., “why a person
of ordinary skill in the art would have been motivated to [create conditions] that

would result in such [reduction in_clock frequency according to both an

operating temperature threshold and a hysteresis threshold]”? No evidence shows

such a motivation.

R S s e S e e S S e — e v S S

605 File History

PO Sur-Reply at 2

The patents discloses a clock frequency set in accordance with a

hysteresis characteristic (page 28 line 28 through page 29 line 11)

where one of ordinary skill in the art would understand that the

frequency can be set in accordance with, for instance, a temperature.

p—— B N v e e

Pet. at 9-10 Ex. 1004 at 379

— et —

29



Patent Owner’s Expert Admits That Nicol Teaches

Sequentially Processing Data

Claim 1

1. A method for operating a multiprocessor system com- Q. You're saying that in the instances that Nicol described, so you have to take one task and
prising a plurality of data processing cells, each of the plural- try to break it up into multiple subtasks to divide across muItipIe PES, there’s almost
ity of data processing units (a) including at least one Arith- always going to have to be communication between those individual PEs about what
metic Logic Unit (ALU) and a register unit and (b) being they’re working on; right?
adapted for sequentially processing data, the method com-
prising: A. Yeah. Only because in general if the two subtasks are completely separate they probably
the multiprocessor system setting a clock frequency, of at would have been their own separate tasks to begin with. That’'s my reasoning there. |
least a part of the multiprocessor system to a minimum in don’t recall -- yeah, so I'll stay with that.
accordance with a number of pending operations of a
first processor: Ex. 1052 at 60:20-61:9 (objections omitted)

the multiprocessor system subsequently increasing the
clock frequency of the at least the part of the multipro-
cessor system to a maximum in accordance with a num-
ber of pending operations of a second processor; and

the multiprocessor system subsequently reducing the clock
frequency of the at least the part of the multiprocessor
system in accordance with (a) an operating temperature
threshold preventing over-temperature and (b) a hyster-
esis characteristic.

DC-DC
CONVERSION CONVERSION CONVERSION

CALIBRATION

Ex. 1003 at Claim 1

PLL

PE
FREQ
H Pr:ti:;s;tsor L LEVEL CONVERTER f’ Pfszg:sir
PACT Construction e ¥ | £ | e
| ASYNCH COMMUNICATION NETWORK 4
passing results onto one or more other TASK l —
data processing units which are o] o
subsequently processing data Exchange of Data
Pet. at 30-34: Reply at 9-10  Ex. 1016 at 10, 14 o Ex. 1009 at Fig. 4 (annotated) i,



Nicol Teaches Sequentially Processing Data

It may be noted that if the frequencies at which the
individual PEs operate differ from one another and from
other elements within the system where the multiprocessor
chip is employed, there is an issue of synchronization that
must be addressed. That is, a synchronization schema must
be implemented when there is a need to communicate data
between PEs (or with other system elements) that operate at
' 1 f different frequencies. It is possible to arrange the frequencies

so that the collection of tasks that are assigned to the

1
|
|
|
i
~! U PLL PLL i
%PE] }FE] r PE] | multiprocessor is completed at a predetermined time. In
FR;O/' | such a case, the synchronization problem of the multipro-
L 4 I
|
|
|
1
i
|
|
|
|
|
I
|

DC-DC DC-DC 0C-DC
CONVERSION CONVERSION CONVERSION

1 i f

CALIBRATION CALIBRATION CALIBRATION

First
Processor
(PE1)

Second cessor vis-a-vis other elements within the system where the
Processor

(PE2)

150 . . . e
L LEVEL CONVERTER " multiprocessor is employed is minimized. However, that

leaves the issue of synchronizing the exchange of data
among the PEs of a multiprocessor chip.
To effect such synchronization, each PE within the FIG.
4 arrangement is connection to an arrangement comprising
Exchange of Data elements 150 and 160. Level converter 150 converts the
P variable voltage swings of the PEs to a fixed level swing, and
Ex. 1009, Fig. 4 (annotated) network 160 resolves the issue of different clock domains.

|

i

| l

| ] ASYNCH COMMUNICATION NETWORK ' 160
I

|

|

|

TASK
—_]
| CONTROLLER CHIP /

B e S e T e s S S R S

Ex. 1009 at 6:14-33
Pet. at 30-32 31



Kling Teaches Clock Frequency

Determined In Part By Processor Voltage

2. The method of claim 1 wherein:
said clock frequency is determined in part by processor

voltage.
| Ex. 1003 at Claim 2

A P S ——

Once the consumed power, as determined by the power
L’L'I’nﬂﬁr e controller, reaches a threshold, a throttle signal is sent to one

or more ICs of the computer system by the controller. In
response to receiving this throttle signal, one or more of the
ICs reduces its power consumption. For example, for one
embodiment of the present invention, a processor of the
computer system reduces its core frequency while maintain-
ing a consistent bus frequency in response to receiving the

Lower | /I SPRNRSRN 1 616 OUOSSS——— L,q throttle sign.al. For another emquiment, the processor stalls

all or a portion of one or more pipelines, or issues no-ops to

TOTAL one or more pipelines, in response to receiving the throttle
POWER signal.

J S e e S e e S . - —

Ex. 1010 at 2:43-54

L In accordance with an embodiment of the present
’\/\/\A' M invention, the power consumed by at least a portion of a
computer system is monitored by measuring a parameter

TIVE that is approximately proportional to the consumed power,

such as voltage, current, or the duty cycle of a switching

Figure 2A signal in a power supply. These measurements are provided

T T R ey Sy v P —
- . T R S e S VG R

Pet. at 46-47, Reply at 22 Ex. 1010 at Figure 2A Ex. 1010 at 2:31-37 32



Nicol Teaches Clock Frequency

Determined In Part By Processor Voltage

2. The method of claim 1 wherein:
said clock frequency is determined in part by processor

voltage.

FIG. 1
00
450 el
0ot WORST CASE SLOW
T 0}
S 300f
zz-’ 250 | /mMINAL
e }
= 200f
2 ol WORST CASE FAST
100 i
S0+

0, 1.5 7 25 3 35 4
Vyg (vous)

R T R S T S

T g — ——

Ex. 1009 at F/g 1
Pet. at 46; Reply at 22-24

B R e S U

Ex. 1003 at Claim 2

FIG. 1 illustrates the maximum operating frequency that
1s achievable with a 0.35 um technology CMOS chip as a

functlon of supply voltage;

— f—— B R S

Ex. 1009 at 2 34 36

N —
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Patent Owner States That Kling Sets A Voltage Limit For

Determining Frequency

With this full context, Kling 1s properly understood to

describe a system that sets its own voltage limit that is reliably below a maximum

voltage that can be supplied before an outlet fuse is tripped.

B e R e S U s+ S oS =~ S B e A Sy

- POR at 48

Petitioner points to a static upper

voltage limit as the available power upon which the clock frequency depends, but

if the amount of available power 1s static and doesn’t change, it cannot determine

all of these frequencies, which can vary during operation. Pet., 47; Ex. 2024, §74.

e S S = e S v ——— —— e R v~ S S S e~ . I —

POR at 49

34



Patent Owner’s Expert Agrees That Kling Discloses Upper

Limit Of Maximum Power

3. The method of claim 1 wherein:
said clock frequency is determined in part by available

power.

R ooy

For one embodiment of the present invention, the upper

limit is a constant value as shown in FIG. 2A. This constant
value may be associated with an approximately maximum
power that can be reliably consumed by the computer
system from a power outlet into which the system is plugged
before the outlet’s fuse or circuit breaker trips. This value

R R S J——

Limit

TOTAL
POWER

rwl

. Ex. 1010 at

Figure 2A Figure 2A
Pot. at 47, Roply at 24- S s =

" Ex. 1010 at 5:20-25

Ex. 1003 at Claim 3

Dr. Mangione-Smith

. And -- and that upper threshold that is being set

there is really sort of saying “this is the maximum
available power that | — that’s available for you to
use”; is that right?

Yes. That's how | interpret it.

. And then it makes decisions based on what the

clock frequency should be based on that available
power?

It makes decisions based in part on -- yes, what
that upper limit is.

Ex. 1051 at 150:3-13 (objections omitted)




No Dispute That Kling’s Upper And Lower Frequency

Thresholds Are Set By A User Setting

4. The method of claim 1 wherein:
said clock frequency is determined in part by a user setting.

e S S ==, R —

The upper threshold set in
the power controller is shown as the upper limit line in the
graph of FIG. 2A. This threshold may be permanently set
within the power controller or may be modifiable by the
system designer or system user via software or hardware
control.

B e = Sy v

Ex. 1010 at 5:14-19

Reply at 25

Ex. 1003 at Claim 4

Dr. Mangione-Smith

Q. There you go. Okay. So -- so the-- in
the Kling reference, the upper and lower
threshold may -- may both be set by a
user setting; right?

A. That's my understanding from what they
disclosed. Yes.

Ex. 1061 at 152:17-22

36



No Dispute That Kling Determines Clock Frequency Both By

Available Power and A User Setting

§. The method of claim 1 wherein:
said clock frequency is determined in part by available

power and a user setting.

R - — . -

Kling Claim 12

12. The method of claim 11, further comprising deter-
mining if the calculation reaches a threshold that is prede-
termined to be a user-defined value associated with the
power delivery specification of the outlet into which the
computer system is plugged.

S EX 1010 al; C/e;im 12

Reply at 26

Ex. 1003 at Claim 5

Dr. Mangione-Smith

Q. And in particular to a user defined value
associated with that wall socket’'s
available power in claim 127?

A. Well, they certainly do disclose that at
least in claim 12. | don’t recall if they do
it elsewhere in the specification.

Ex. 1051 at 156:2-8 (objections omitted)

37



Nicol Discloses A Local Cache Memory That

Stores Pending Instructions

6. The method of claim 1 wherein:
said number of pending operations is determined at by the
fill level of one or more buffers.

e e e i s

Ex. 1003 at Cla/m 6

FIG. 2 depicts a block diagram of a multi-processor chip.

It contains processing elements (PEs) 100, 101, 102,
103, . . . 104, and each PE contains a central processing unit ;
(CPU) a‘nd a local CaChe memory (nOt Shown) i Coasglli)SCION CORSEI?SCION COEJSERDSCION E
B I R EIIEmrm————. I !
Ex. 1009 at 2: 50 53 | [caueraion CALBRATION] CALIBRATION| i
I |
1 |
If the fee0 - |
number of instructions that need to be executed for each task i i
1s known and made available to the operating system, a : L LEVEL CONVERTER 150 E
scheduler within the operating system can use this informa- E | 3 e COM}‘UNWON — 1 160 |
tion to determine the best way to allocate the tasks to the | i i
available processors in order to balance the computation. WK ooous ” Ji

e e e L

- Ex. 1009 at 3138 | o
Pet at 51-52, Reply at 26-27 Ex 1009 at Flg 4 -



Patent Owner Statements To Examiner

First applicant believes that the

examiners rejection is to the use of “load” in the claims. The
specification discloses a clock frequency set in accordance with a
processor load (page 14 line 23 through page 15 line 9) where one of
ordinary skill in the art would understand that the fill level of a data
buffer representative of the number of waiting operations or processor

load.

P —— S e — —— e

Ex. 1004 at 376-77

B S S v e T i

Pet at 51-62, Reply at 26-27 39
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ABSTRACT

INTEL - 1010

Pet. at 16-18

Ex. 1010

NE— e B S

Overview Of Kling

A system includes a power supply, a meter coupled to the
power supply, and a controller. The meter takes a measure-
ment of a parameter that is approximately proportional to the
power consumed from the power supply by at least a portion
of a computer system. This parameter may include, for
example, the current or voltage between the power supply
and the portion of the computer system, or the duty cycle of
a switching signal in the power supply. This measurement is
then used by the controller to determine if the power
consumed by the portion of the computer system reaches a
threshold, and if so, the controller sends a throttle signal. A
system and method such as this may be found useful to
reduce the risk of a computer system blowing a fuse or
tripping a circuit breaker.

e s S —

Ex. 1010 at Abstract

FIG. 1 is a multiprocessor computer system formed in
accordance with an embodiment of the present invention.
Primary bridge 110 is coupled to processors 100 and 101 via
a system bus. Bridge 110 is used to couple the processors to
main memory 115 and to couple the processors to peripheral
components 120 and 130 via a peripheral bus. Secondary
bridge 125 couples external memory 140 and vidco terminal
145 to the penpheral bus.

R S ——— e

Ex. 1010at2 65 35

Power
Controller
150
Voc cc
l—@) Processor A Processor B Q‘L
100 101
v, v Vg
l_@’ Bridge Main Memory @—l
110 115
v v Ve
Peripheral Peripheral
Component Component
120 130
V., "
l—@ Bridge
125
| VOC
VDG
External Video
Memory Terminal
140

145

Figure 1
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Ex. 1010 at Flg 1
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Ex. 1010

Pet. at 16-18

Overview Of Kling

If the total power consumed reaches a

threshold, or if the total of a value that is proportional to the
total power consumed reaches a threshold, controller 150
scnds a throttle signal to onc or more ICs of the computer

system. In response to receiving a throttle signal, an IC

Operate a processor core at a high
frequency while communicating via a
bus at a bus frequency.

500

reduces its power consumption. Note that for simplicity, as
used henceforth, the term “power” includes cither actual
power or a value, such as current, voltage, duty cycle, or
other measurement, that is proportional to power.

The ICs that receive the throttle signal and, in turn, reduce

their power consumption, may be selected by power con-
troller 150 of FIG. 1 in any of a numbecr of diffcrent ways.

R ——— T p—

Ex. 1010at4 50- 58

R I e T e

In
response to receiving this throttle signal, one or more of the
ICs reduces its power consumption. For example, for onc
embodiment of the present invention, a processor of the
computer system reduces its core frequency while maintain-
ing a consistent bus frequency in response to receiving the
throttle signal.

R S s

Ex. 1010 at2 45- 51

R kb me

Has the processor
received a throttle
signal?
505

Resume normal
loperation.

520

Reduce the frequency at which the
core operates and continue to
communicate via the bus at the bus

frequency. i

Has the throttle signal
been deasserted?

L 4

No

Figure 5

T s R SR

R R T R g ———

Ex. 1009, Fig. 5 (annotated)
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Overview Of Kling

For one embodiment of the present invention, the upper
limit is a constant value as shown in FIG. 2A. This constant B e B e e e e
value may be associated with an approximately maximum H
power that can be reliably consumed by the computer
system from a power outlet into which the system is plugged
before the outlet’s fuse or circuit breaker trips. This value

Ex. 1010 at 5:20-25

Lower
Limit

B R ——

Once the threshold is reached, the power controller sends ToTAL
a throttle signal to one or more ICs of the computer system.

e

Ex. 1010 at 5:38-40

ICs reduces its power consumption. For example, for one ’\/\/\A M
embodiment of the present invention, a processor of the
computer system reduces its core frequency while maintain-
ing a consistent bus frequency in response to receiving the .

S & SO duency ERAeSP S Figure 2A
throttle signal.

Y

TIME

el _ase b et et e oo _sammae. s P —

e e et ettt et et Ex. 1010 at Figure 2A
Pet. at 16-18, 25, 44, 48 Ex. 1010 at 2:48-51 45



POSITA Would Have Been Motivated To Combine

Nicol And Kling

Nicol

POWER REDUCTION IN A
MULTIPROCESSOR DIGITAL SIGNAL
PROCESSOR BASED ON PROCESSOR LOAD

Ex 1 009 at Tlt/e

Improved performance of multi-processor chips is
achieved by dynamically controlling the processing load of
chips and controlling, which significantly grcatcr than on/off
granularity, the operating voltages of those chips so as to
minimize overall power consumption. A controller in a
multi-processor chip allocates tasks to the individual pro-
cessors 10 equalize processing load among the chips, then
the controller lowers the clock frequency on the chip to as
low a level as possible while assuring proper operation, and
finally reduces the supply voltage.

T T Ex 1009 at 2.18-27

Pet. at 23-24

Kling

METHOD AND APPARATUS OF
MEASURING CURRENT, YOLTAGE, OR
DUTY CYCLE OF A POWER SUPPLY TO
MANAGE POWER CONSUMPTION IN A
COMPUTER SYSTEM

P I et S S S == SN S —

Ex. 7010 atTltle

The present invention relates to computer systems and
more particularly to limiting the power consumed in a
computer system by throttling the power consumed by an
integrated circuit in response to a high power condition.

et e et — A R R ve S N G e ——

- Ex. 1010 at 1.7-10
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POSITA Would Have Been Motivated To Combine

Nicol

In the FIG. 2 arrangement, in accordance with the prin-
ciples disclosed herein, the applications that need to be
processed are mapped to the N PEs under control of real
time operating system (RTOS) executed on PE 100. If the
number of instructions that nced to be executed for cach task
is known and made available to the operating system, a
scheduler within the operating system can use this informa-
tion to determine the best way to allocate the tasks to the
available processors in order to balance the computation.
The intermediate goal, of course, is to maximize the paral-
Iclism and to cvenly distribute the load presented to the FIG.
2 system among all of the PE’s.

EX 1009 at3 9 20

Pet. at 23-25

Nicol And Kling

Kling

One or more of the meters of the computer system of FIG.
1 monitor power consumption by measuring a parameter
that is approximately proportional to the power consumed
by one or more ICs. These measurements are then provided
to power controller 150. For example, a meter may measure
power, current, or voltage. Current consumption may be
measurcd magnctically by, for example, hall-cffect sensors
that measure induction.

. B ——— T R

- Ex. 1010 at 3-50-57

Once the threshold is reached, the power controller sends
a throttle signal to onc or more ICs of the computer systcm.
When an IC reduces its power consumption in response to
the throttle signal, the total power consumption, as calcu-
lated by the power controller, is reduced as shown in FIG.
2A.

For the embodiment of FIG. 2A, once triggered, the
throttle signal is continually asserted until the total power
consumption, as calculated by the power controller, reaches
the lower threshold indicated by the lower limit line. Once
this lower threshold is reached, the throttle signal may be
deasserted, and, in response, the 1C resumes normal opera-
tion. In accordance with this embodiment, the lower thresh-
old may be set to a predetermined value selected to provide
hysteresis to reduce the occurrence of power oscillation
between the upper and lower thresholds. This lower thresh-
old may be hard wired into the power controller or hard
wired into the IC that reccives the throttle signal.
Alternatively, the lower threshold may be modifiable by a
user or automatically adjusted within the computer system

to, for cxamplc reduce powcer oscillation.

B e S T

Ex. 1010 al‘5 39 59
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POSITA Would Have Been Motivated To Combine

Nicol And Kling

129. In my opinion, a POSITA would have been motivated to implement this
functionality mm Nicol’s system for over-temperature protection and, more

generally, to detect excessive power consumption and reduce it, which 1s

consistent with Nicol’s objective of minimizing power consumption. Nicol,
2:18-22. Implementing this added functionality presents no risk, and does
not require undue experimentation, has a good likelihood of success, and
would yield predictable results because the added functionality is primarily

add-on software to Nicol’s existing controller software. Id., 3:9-20

o e e e e S A

Ex. 1001 at ] 129
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Patent Owner’s Response

Petitioner makes no attempt to explain how a system combining Nicol
and Kling would function, likely due to the fact that managing a plurality of
metrics to create an efficient processing system is extremely difficult. Id. A
POSITA might spend their entire career developing intricate systems for managing
processor temperature and clock frequency among a plurality of processors, and
Petitioner dismisses it as a mere triviality. /d. Besides, if the Board were to accept
Petitioner’s argument that a POSITA could easily and predictably combine the
power management systems of Nicol and Kling’s software, requiring a motivation
to combine loses all meaning — if these two systems could be combined as a mere
triviality, then any software could similarly be combined.

In addition, in addition to Petitioner’s failure to address how a combination
of Nicol and Kling would actually function, Petitioner ignores any issues that

would arise. /d. at 84.

B T v S .

POR at 55-56
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Reply at 6

W Facebook, Inc. v. Windy City Innovations, LLC,

Windy City argues that the Board’s analysis was infected by hindsight and that it
did not adequately explain how someone skilled in the art would build the
combined Roseman and Rissanen system. [] We find no legal error in these
aspects of the Board’s obviousness analysis. . . . [T]he fact that it would take some
creativity to carry out the combination does not defeat a finding of obviousness. []
The Board also correctly rejected Windy City’s argument about the difficulty of
physically creating the combination, noting that Facebook was not arguing that
Rissanen’s database would be bodily incorporated into Roseman’s system. []
Regardless, “[t]he test for obviousness 1s not whether the features of a secondary
reference may be bodily incorporated into the structure of the primary reference.”

Facebook, Inc. v. Windy City Innovations, LLC, 973 F.3d 1321, 1343 (Fed. Cir. 2020) (internal citations and quotations omitted)

48



Reply at 6

W Elbrus Int’l Ltd. v. Samsung Elecs. Co.

Second, Elbrus argues that combining Lu with Sukegawa would lead to an
inoperable circuit absent significant additional design work. However, it 1s not
necessary that [Sukegawa and Lu] be physically combinable to render [a claim]
obvious. That is so because the test for obviousness 1s not whether the features of
a secondary reference may be bodily incorporated into the structure of the primary
reference, but rather whether a skilled artisan would have been motivated to
combine the teachings of the prior art references to achieve the claimed invention.
Therefore, Elbrus’s argument that combining Sukegawa and Lu could lead to an
unworkable circuit 1s basically irrelevant.

Elbrus Int'l Ltd. v. Samsung Elecs. Co., 738 F. App’x 694, 698-99 (Fed. Cir. 2018) (internal citations and quotations omitted)
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Consistent with such gating techniques described in Nicol. a POSITA would

have known that Nicol’s power management system with dynamic frequency
control. would set the clock frequency of processing elements that are not needed
(or had a low number of pending operations) to a “minimum.” Ex. 1001, 9169. For
example. the well-known industry standard, “the Advanced Configuration and
Power Interface (ACPI) Specification” was commonly used and referred to by a
POSITA. Ex. 1001, 9170: Ex. 1020 (ACPI Spec.): see also Ex. 1011 (Bhatia), 1:6—
17 (explaining “the Advanced Configuration and Power Interface (ACPI)
Specification. Rev. 1.0.. published on Dec. 22. 1996. that provides an interface
between the operating system of a system and hardware devices to implement power
and thermal management.”). Such a “minimum”™ clock frequency teaching is
discussed in the ACPI Specification, and it was thus well-known in the art to set the
clock frequency to a minimum in a low power mode. Ex. 1001, §171: Ex. 1011,
12:58-65 (“the C3 state defined under the ACPI specification. [whereby] the
external clock BCLK to the processor is disabled so that no activity is performed by

the processor except maintenance of the stored data in the processor’s internal

cache.”). Pet. at 38

e
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If the measured power reaches the upper limit, the controller sends a “throttle

signal” to the processor to mstruct it to reduce its clock frequency to reduce power
consumption. Ex. 1010, 5:38-40, 2:48-51; Ex. 1001, 9211. “Once [the] lower
threshold 1s reached, the throttle signal may be deasserted, and, in response, the IC
resumes normal operation.” Id.. 5:48-50. In this system, the clock frequency 1s
determined 1n part by user settings, e.g., the upper and lower power limits. Ex. 1001

0213.

I I R = = S s S = S A =,

Pet. at 49-50
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Kling Patent

DD |
Limit
Once the consumed power, as determined by the power

controller, reaches a threshold, a throttle signal is sent to one

or more ICs of the computer system by the controller. In

response to receiving this throttle signal, one or more of the \j

ICs reduces its power consumption. For example, for one Lﬁ‘;ﬁr --------- I N S s H e R

embodiment of the present invention, a processor of the

computer system reduces its core frequency while maintain- R

ing a consistent bus frequency in response to receiving the

throttle signal. For another embodiment, the processor stalls

all or a portion of one or more pipelines, or issues no-ops to

one or more pipelines, in response to receiving the throttle b

signal. ,\/\/JN M

R R R —

Ex. 1010 at 2.'43;-54
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Figure 2A

O e O SS=o— S

Ex. 1010 at Figure 2A
Pet. at 16-18, 25, 44, 48 52



Reply at 26

Dr. Mangione-Smith

Q. And so isn’t that saying that “we’ll use a user-defined value that tells

A.

Patent Owner’s Expert

us what the total available power is from that outlet™?

That may be what they are saying. | -- to be honest with you, | am
not sure. | haven't spent the time studying the claim. But there is
certainly a user-specified setting for the upper limit, which in some
way is intended to be related to the power that they can extract from
the wall socket. | -- in some other disclosed usages. | mean, | don'’t
think it always has to be that. It could be that they're — it's simply
related to the maximum power that could be consumed by the
power supply inside the device, but they certainly do talk about
relating it in some circumstances to a wall socket.

Ex. 1051 at 155:8-24
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Nicol Patent

FIG. 2 depicts a block diagram of a multi-processor chip.

It contains processing elements (PEs) 100, 101, 102, 1
. . . | -

103, . . . 104, and each PE contains a central processing unit | | coneron COMERSON CONVERSON |
(CPU) and a local cache memory (not shown). ] f | i
- || CALIBRATION CALIBRATION CALIBRATION !
Ex. 1009 at 2:50-53 T ' f i
i PLL —_b PLL —" PLL % i
If the w0 - - =
” - |
number of instructions that need to be executed for each task i l
1s known and made available to the operating system, a Il L LEVEL CONVERTER 10 E
scheduler within the operating system can use this informa- ! 3 l !
. . | | ASYNCH COMMUNICATION NETWORK 160 |
tion to determine the best way to allocate the tasks to the | i | |
available processors in order to balance the computation. sk |
—+—= CONTROLLER !
e e e s | CHIP |

Ex. 1009 at 3:13-18

Ex. 1009 at Fig. 4

Pet. at 12-15 54



Voltage scaling as a function of temperature has been
incorporated into the Intel Pentium product family as a
technique to achieve high performance at varying operating
temperatures and process corners. It is described 1n U.S. Pat.
No. 5,440,520. The approach uses an on-chip temperature
sensor and associated processing circuitry which issues a
code to the off-chip power supply to provide a particular
supply voltage.

Ex. 1008 at 1-41-48

As 1ndicated above, the operating system can reduce the
supply voltage even further by tracking temperature and
process variations.

B R T T p—— ——

Ex. 1008 at 4:11-13
Pet. at 42-43; Reply at 20 55



Dr. Mangione-Smith

Q. And -- and you would agree that the -- in Nicol, Nicol's suggestion that
however it might be implemented in a mobile computer, as a
coprocessor or something like that, the benefits of minimizing power
consumption are applicable to mobile computers; right?

A. | -- | would go farther than that and say that the benefits of minimizing

power consumption are valuable to a greater or lessor degree in any
sort of computing system.

Ex. 1051 at 145:2-12 (objections omitted)

Reply at 13 56
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