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ABSTRACT

An apparatus, method and system is described herein for
effici lancing performance and power between pro-
cessing elems d on measured workloads. If a work-
load of a proc: lement indicates that it is a bottleneck,
then its performance may be increased. However, if a plat-
form or integrated circuit including the processing element is
already operating at a power or thermal limit, the increase in
performance is counterbalanced by a reduction or cap in
another processing elements performance to maintain com-
pliance with the power or thermal limit. a result, bottle-
necks are identified and alleviated by balancing power allo-
cation, even when multiple processing elements are operating
ata power or thermal limit.

18 Claims, 10 Drawing Sheets

494 Patent

The *494 patent proposes improved power management techniques in
integrated circuits, such as computer processors, by balancing power
allocation between processing cores and other elements, including other
processing elements and communication buses.

In an integrated circuit, power is allocated between processing
components, such as a communication bus and a processor core, based
on a power limit and a workload threshold comparison. A component’s
activity may be taken as being indicative of its workload:

Determining a workload includes any known method for
determining activity of hardware, a workload of software, a
number of instructions executed or to execute, or any other metric
for determining use of a processing element. As one example, a
workload for core 505 includes an amount time core 505 is active
during a period of time. Activity may be determined as when core
505 is in an active performance state versus a sleep or low power
state or a number of cycles executing or preforming operations.

Ex. 1001 at 9:47-57.
POR at 5-6.
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494 Patent

In the *494 patent, power allocation is tuned between various components:

In one embodiment, power control module 160, which may include
hardware, firmware, software, or a combination thereof, is able to
balance and allocate power/frequency between devices of IC 100 to
achieve maximum performance; even when IC 100 is under a power
limit. Additionally, such allocation, in one scenario is based on actual
workload of devices, instead of assumptions of workload or power
consumption. For example, a power limit (either a maximum power limit
or a reduced limit during power saving modes) is provided for IC 100.
Previously, a maximum current (and as a corollary frequency) was
reduced for all processing elements of IC 100 to meet the power limit.
Instead, in this scenario, a device that is determined to be a bottleneck
for performance, such as throughput performance as viewed from the
perspective of an application, is allocated more current/frequency, while
the other competing device is capped/limited to ensure the power limit is
still met. In other words, a dynamic balance is continuously [struck]
between devices to ensure the device that needs more resources for
better overall performance is allocated such extra resources, while other
devices are ‘balanced’ (reduced in performance) to meet a given power
limit.
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Ex. 1001 at 7:40-61, Fig. 10.
POR at 7-8, 10.
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’494 Claim Construction

1. A processor comprising:
an integrated circuit including:

a first core;

a cache memory;

a communication bus coupled to the first core, the
communication bus to connect the first core and the cache
memory;

a core workload monitor configured to determine a core
workload for the first core;

a bus workload monitor configured to determine a bus
workload for the communication bus; and

balancing control adapted to receive the bus workload from the
bus workload monitor and to dynamically tune power allocation
between the first core and the communication bus based on a
power limit for the integrated circuit and a comparison between
the bus workload and a bus workload threshold, the power limit
corresponding to a maximum thermal dissipation capacity for the
integrated circuit, wherein a power consumption of one of the
first core and the communication bus is to be reduced, the power
consumption reduction to be limited to maintain operation of the
one of the first core and the communication bus above a low
limit.

Workload

A person of ordinary skill in the art would understand that
in the *494 patent, the term “workload” means “an
amount of activity over a quantum or period of time.”

3 Q Is that how a person of ordinary skill in
4 the art would understand the term "workload," that
5 it's referring to an amount of activity over a

6 period of time?

7 A Yeah. There's lots of definitions for

8 "workload." And specifically, I think what '494 is
9 trying to do here is to define how they measure it
10 and how they quantify it.

Ex. 1001 at 21:17-39.
POR at 11-12, 15-16.
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494 Challenges

Claims Challenged 35U.S.C. 8§ References

1 102/103 Bose

3, 14-15 103 Bose, White, Simeral

2 103 Bose, Anderson

13 103 Bose, Anderson, Naffziger
4,7 103 White

5,6 103 White, Anderson

17,18 103 White, Anderson, Naffziger
1, 3,14, 15 103 White, Simeral

2 103 White, Simeral, Anderson
13 103 White, Simeral, Anderson, Naffziger
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Bose
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(54) METHOD AND SYSTEM FOR 6,141,770 A 10/2000 Fuchs et al. . 13
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Ex. 1005 at 1:16-22, 6:67 — 7:13, Fig. 1.

POR at 19-20.
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Bose

The global PMCU “operates in a looping manner.”

Following initialization, the global PMCU checks whether the actual
total power being used by the system is at or below the total system
power budget (303). If so, all cores are run in the highest power mode
and the power budget is divided equally among the cores (312).

Otherwise, if the actual power being used exceeds the system power
budget, a power mode is selected given consideration to the total system
power budget, real time statistics reported by the local PMCUSs, and
power vs. performance tradeoffs of the various power modes (311).

A lower power mode is assigned to a core if its assigned portion of the
power budget is insufficient, and a higher power mode is assigned to a
core if that core is exceeding its assigned portion of the power budget
such that “the sum of power usage for all components fits into the
overall power budget.”

The local PMCUs operate with the newly assigned power
modes/budgets and continue to report information back to the global
PMCU.
MB USA v. Daedalus Prime IPR2023-01343

8:62 —-9:43 Patent Owner's Demonstrative Exhibits -- Not Evidence
Daedalus Ex. 2003
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Ex. 1005 at 8:62 — 9:43, Fig. 3.
POR at 21-22.
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Bose

The global PMCU stores information used in making power budget allocation
e decisions in a collection of registers and tables.

120

/—\/
From Firmware/QS/Hypervisor From a||/‘_/240 . . .
| I"\m - f\ip 2 LocalPrucls Connections from sensors associated with the local PMCUs 240 supply
202 21 . . .
>/ A S performance information (power, temperature, voltage, etc.) for a phase history
ontro Total Power Phase . . . . . . . . e
oo || oucoer | | wsory [ |°C 24 table, 213, while phase prediction information is stored in a phase prediction
Registers Table \§- Ammeters |
o) I\ \\ table, 204.
Thermal 225
204 214 Sensors
203 \ - 26 Information concerning the overall power budget is stored in total power budget
- Predii:is:Table Global 220 sensors register 2 1 2.
205 PMCU
\,——\ 207 Controller
L To each Local-—~_ 240 . .
History Table PMCUS A power-performance tradeoff table 206 “includes the predicted power and
y
206 . .
* 216 P et |27 performance for each power mode” as “a structure (with update semantics and
221 " . . . .
PowerPerformance) /" o each core control) maintained to record the information needed to perform accurate
prediction of the changes and duration of distinct workload phases,
Power Mode . . .
2 e [ characterized by power and performance data as recorded within the [phase
m/‘ history table].”

Previous decision information is stored in a decision history table, 205.

Ex. 1005 at 7:41 — 8:51, 12:49-58, Fig. 2.

POR at 22-23.
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Failings of Bose

1. A processor comprising:

an integrated circuit including:

a first core;

a cache memory;

a communication bus coupled to the first core, the commu-
nication bus to connect the first core and the cache
memory;

a core workload monitor configured to determine a core
workload for the first core;

a bus workload monitor configured to determine a bus
workload for the communication bus; and

balancing control adapted to receive the bus workload from
the bus workload monitor and to dynamically tune
power allocation between the first core and the commu-
nication bus based on a power limit for the integrated
circuit and a comparison between the bus workload and
a bus workload threshold, the power limit corresponding
to a maximum thermal dissipation capacity for the inte-
grated circuit, wherein a power consumption of one of
the first core and the communication bus is to be
reduced, the power consumption reduction to be limited
to maintain operation of the one of the first core and the
communication bus above a low limit.

Bose does not teach or suggest a “balancing control adapted to receive
the bus workload from the bus workload monitor and to dynamically
tune power allocation between the first core and the communication bus
based on a power limit for the integrated circuit and a comparison
between the bus workload and a bus workload threshold.”

Ex. 1001 at 21:17-39.

MB USA v. Daedalus Prime IPR2023-01343 POR at 23-34.
Patent Owner's Demonstrative Exhibits -- Not Evidence 9
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Failings of Bose

Petition Argument

“Bose discloses dynamic tuning of power allocation based
on a comparison between bus workload and bus workload
threshold [because a] POSITA would have understood that in
Bose, selecting or adjusting power mode for a component
entails comparing a workload threshold, such as predicted
power and performance associated with each power mode
with real time statistics, such as the monitored workload of a
component.”

The “predicted power and performance represents a
workload threshold for a given component working in the
associated power mode.”

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

Mercedes-Benz USA., LLC,
Petitioner,

V.

Daedalus Prime LLC,
Patent Owner.

Case IPR2023-01343
Patent 8.898.494

PETITION FOR INTER PARTES REVIEW OF
CLAIMS 8, 10-18, AND 24-47 OF U.S. PATENT NO. 8,898,494
UNDER 35 U.S.C. §§ 311-319 AND 37 C.F.R. §42.100 ef seq.

MB USA v. Daedalus Prime IPR2023-01343
Patent Owner's Demonstrative Exhibits -- Not Evidence

Daedalus Ex. 2003

Pet. at 25-26.
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Failings of Bose

“The global PMCU controller 216 updates the Power/Performance

Trade-off Table 206 through connection 209, after considering
information from the Phase Prediction Table 204 and the Decision

History Table 205.”

BEFORE THE PATENT TRIAL AND APPEAL BOARD Bose at 8:39-43.

UNITED STATES PATENT AND TRADEMARK OFFICE

Bose’s power-performance tradeoft table is dynamically updated over

MERCEDES-BENZ USA, LLC, time. Dynamically changing data of this kind, which is apparently
Petitioner., derived algorithmically from historical information and current data
v. samples, does not represent a threshold, a singular value against which a
DAEDALUS PRIME LLC, measured quantity is evaluated, and a person of ordinary skill in the art
Patent Owner. would appreciate as much.

Cose Mo P00 Bose indicates, “The [phase prediction table] includes a structure (with

update semantics and control),” Bose at 12:54-55, and a POSITA would
appreciate that if a structure includes semantics and control, that is
likely something pertaining to the algorithm itself to be used rather than
data (like a threshold) to use in variables.

U.S. Patent No. 8.898.494

DECLARATION OF MICHAEL C. BROGIOLI, PH.D.
IN SUPPORT OF PATENT OWNER’S RESPONSE

Brogioli at 99 44-49.

Ex. 1005 at 8:39-43.
Ex. 2001 at §§ 44-49.
POR at 25.
MB USA v. Daedalus Prime IPR2023-01343
Patent Owner's Demonstrative Exhibits -- Not Evidence 11
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Failings of Bose

Petition Argument

“A POSITA would have understood global PMCU compares
a workload threshold as exemplified by the predicted power
and performance of each power mode and the monitored
workload to select and adjust the power mode of a
component.”

Pet. at 26.
Ex. 1005 at 9:14-24; 12-37—- 13:4, 2:62-65
POR at 27-28.

Flaws
A POSITA would not come to this “understanding.”

Bose: Power modes are assigned with consideration of power
vs. performance tradeoffs associated with each mode. The
“information needed to perform accurate prediction of the
changes and duration of distinct workload phases,
characterized by power and performance data,” is maintained
in a phase prediction table, and a power mode transmitted to a
monitored resource will be “acted upon to place that resource
into a specified configuration, such that its power level is
decreased or increased (with a corresponding decrease or
increase in net performance).”

So, no comparison of bus workload to a bus workload
threshold is needed because direct information concerning
actual power level decreases or increases for different power
modes is available from the power-performance tradeoff table
and the global PMCU can directly determine whether a power
level associated with a prospective power mode will “fit”
within a total power budget.

MB USA v. Daedalus Prime IPR2023-01343
Patent Owner's Demonstrative Exhibits -- Not Evidence 12
Daedalus Ex. 2003



Petition Argument

Claim 1 1s obvious in view of Bose.

Pet. at 15-27.
Ex. 1005 at 2:25-35.
POR at 29-32.

Failings of Bose

Flaws

The petition fails to account for differences between Bose and the
claimed invention and fails to explain any modifications of Bose or why
they would be done.

1.

2.

Bose is architected in a hierarchical manner, with each layer of the
hierarchy having its own control.

The architecture of the various monitors within Bose vary, and
overall are heterogeneous in nature. Some monitors can
communicate upstream and downstream, while others can only
communicate downstream.

The phase prediction table is not a threshold, and a POSITA would
appreciate that the values in this table (as well as the others
described by Bose) would be consumed via Bose’s distributed and
heterogeneous algorithm to make power management decisions.
The information in the tables includes update semantics and control,
and a POSITA would appreciate they are algorithmic information,
not thresholds.

By providing a power-performance tradeoff table with information
concerning actual power level decreases or increases for different
power modes, no comparison with a threshold is needed.

MB USA v. Daedalus Prime IPR2023-01343
Patent Owner's Demonstrative Exhibits -- Not Evidence 13
Daedalus Ex. 2003



a2 United States Patent
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(s7) ABSTRACT

Multiple logic cores of integrated circuits and processors
may be configured to operate at frequencies and voltages
independently of each other. Additonally, other compo-
nents, such as acommon bridge configured to interface with
the logic cores, may operate at a voltage and frequency
independent of the volage and frequency at which the bgic
cores are operating. The operating frequency and/or voltage
of a logic core may be independently adjusted for various
reasons, including power management and temperature con-
trol. Logic circuitry at an interface between the controller
and the logic cores may translate logic signals from one
voltage and/or frequency to another to ensble communica-
tion between the bridge and the logic core when the two are
operating at different voltages and/or frequencies.

32 Claims, 9 Drawing Sheets

integrated circuit 100
ey e
regulator(s) ulator(s)
120 0
bus(es) ripheral(s) memory
150 perblEsR ) > subsystem

White

White describes, “A processor or other integrated circuit [that] may
include multiple logic cores, each of which may be configured to
operate at frequencies and voltages independently of other logic cores.”

integrated circuit 100

= = | 1

voltage logic logic frequency
regulator(s) |—f—»| core core  fetf—| regulator(s)
130 1200 1208 140
common bridge logic
110
FIG. 2A

The operating voltage and/or operating frequency of the various logic
cores of integrated circuit 100 may be controlled by power management
logic 200. In this way, overall power consumption for the integrated
circuit may be adjusted.

Ex. 1006 2:15-18, 8:61-65, Fig. 2A.
POR at 35-36.
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detect need to change
operating frequency
for a logic core
400

!

determine new frequency for
the logic core

is new
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!

set new voltage level
for the logic core
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|
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for the logic core
450

!

adjust common bridge logic for
new frequency
460

FIG. 4

White

When a need to change an operating characteristic, e.g., frequency (FIG.
4) or voltage (FIG. 5), of a logic core is detected (400, 500), power
management logic 200 determines a new operating voltage/frequency for
the core (410, 510). New frequencies may be determined based on a
“standard algorithm™ or “from a look-up table.” New voltages may be
determined via a voltage determining algorithm based upon current
operating conditions for the system or a fixed table of operating voltages.

Assuming the new frequency is compatible with the operating voltage of
the core (420), or after making adjustments therefor (430, 440), the
power management logic sets the new operating frequency for the core
(450 and then adjusts the operating conditions for the common bridge
logic to be compatible with the new operating frequency (460).

In the case of a new operating voltage, the power management logic sets
the new voltage (520), determines whether the operating frequency of the
core is compatible with the new voltage (530), and adjusts the operating
frequency as necessary (540, 550).

Thereafter, the power management logic adjusts the operating conditions
for the common bridge logic to be compatible with the new operating
voltage and/or frequency of the core (560).

MB USA v. Daedalus Prime IPR2023-01343
Patent Owner's Demonstrative Exhibits -- Not Evidence
Daedalus Ex. 2003

detect need to change
operating voltage
for logic core(s)
500

l

determine new operating
voltage for logic core(s)
510

!

set new operating voltage
for logic core(s)
520

current
‘operating frequency
compatible with new
voltage?
530

determine new frequency
compatible with new voltage
540

!

set new operating frequency
for logic core(s)
550

adjust common bridge for

if required
560

new voltage and frequency,

FIG. 5

Ex. 1006 at 15:42 —20:57, Figs. 4, 5.
POR at 36-38.
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(51) Int.CL
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(52) US.CL oo et T13/300

(57) ABSTRACT

A data path a computer device

method are dhdosu.l for integrating power management
functions into a data path controller to manage power con-

sumed by processors and peripheral devices. By embedding
power mamagement within the data path controller, the data
path controller can advantageously modify its criteria in-situ
so that it can adapt its power management actions in response
to changes in processors and peripheral devices. In addition,

the data path ller includes a p ing interface
that pmvldh power-1 mumlunng ports for monitoring and/or
quantifying power of various In

one embodiment, the data path controller includes a power-
monitoring interface for selectably monitoring power of a
component. Italso includes a controller for adjusting opera-
tional characteristics of the component for modifying the
power consumed by the component to comply with a perfor-
mance profile, which generally specifies permissible power
consumption levels for the component.
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Simeral

Simeral describes “a method for integrating power management
functions into a data path controller to manage power consumption of
processors and peripheral devices.”

The “data path controller,” “resides in a computing device” and “forms
data paths over which data are exchanged among components of a
computing device.”

These “components” might be a processor and devices with which a
processor communicates, e.g., peripherals, graphics processors, hard
drive controllers, display drivers, and “regulatory devices” such as
voltage regulators or frequency/clock generators.

The data path controller can be “reactive,” taking action to decrease
power consumption as a result of low or negligible activity levels by
modifying operational characteristics of the components to conserve
power while providing sufficient resources to support a specific
workload, or “proactive,” taking action to decrease power consumption
by decreasing activities levels of a component through modification of
operational characteristics of the component as a corrective action to
bring one or more noncompliant activity levels back into compliance.

Ex. 1008 at [0007], [0019], [0020].
POR at 38-40.
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Simeral

“[D]ata path controller 100 can manage power for a computing device by first
monitoring the activity level of the bus (e.g., the data transfer rate of the bus),
and then disabling (e.g., shutting down) components that have very low (i.e.,
negligible) activity levels to save power. So if the data rate is below some
threshold (i.e., low amounts of data are passing over the bus), then data path
controller 100 can either decrease (i.e., “throttle down’) the bus width or shut
down one or more bus controllers, thereby conserving power that would
otherwise be expended by maintaining a higher bandwidth.”

“[P]Jower management controller 106 monitors the activity levels of the component,
such as the data being exchanged between a component and data path controller 100 . .
. compares that monitored activity level to a threshold activity level set forth in [a]
performance profile, [and] if the monitored activity level falls out of compliance, then
power management controller 106 initiates corrective action . . . include[ing]
modifying the behavior of the noncompliant component so that it complies with its
threshold activity level [or] recalibrate[ing] activity levels of other less essential
components to compensate for the increased activity level of the noncompliant
component.”

A performance profile can include operational characteristics such as voltages,

frequencies, data throughput on buses, etc. MB USA v. Daedalus Prime IPR2023-01343

Patent Owner's Demonstrative Exhibits -- Not Evidence
Daedalus Ex. 2003
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Failings of White-Simeral

Petition Argument

In White-Simeral, White discloses a core workload

monitor configured to determine a core workload
for the first core, as recited in claim 1.

“A POSITA would have understood White
monitoring the operating voltages and frequencies
of the logic core 120A and common bridge logic
110 is monitoring the workload of those
components.”

Pet. at 72
Ex. 1001 9:50-57
POR at 42-45.

Flaws

A POSITA would not conflate White’s monitoring of operating characteristics
(voltage or frequency) with monitoring of workload, as required by claim 1.

1. The *494 patent makes clear that one is not a substitute for the other
because performance metrics such as frequency can be altered independently
of workload. Hence, operating characteristics need not reflect the actual
workload of a core.

2. Monitoring core workload involves “determining activity of hardware, a
workload of software, a number of instructions executed or to execute, or any
other metric for determining use of a processing element. . . . Activity may be
determined as when core 505 is in an active performance state versus a sleep
or low power state or a number of cycles executing or performing
operations.”

3. A POSITA would understand that White’s power management logic
controls adjustments to a core’s operating characteristics by monitoring the
core’s current power consumption. When adjusting the operating voltage or
frequency of a core, the power management logic uses a table of compatible
or desirable voltage-frequency pairs to ensure desired operating
characteristics are feasible.

MB USA v. Daedalus Prime IPR2023-01343
Patent Owner's Demonstrative Exhibits -- Not Evidence 18
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Failings of White vis-a-vis Claim 4

Flaws

Independent claim 4 recites “receiving a bus workload for a
communication bus and a first processing element workload
for a first processing element based on an integrated circuit

Petition Argument reaching a limit.”

White’s focus on operating voltage and operating frequencies
1s an indication that White’s power management logic makes
decisions regarding future operating characteristics of a core

based on present operating characteristics.

Claim 4 1s obvious in view of White.

“A POSITA would have understood that operating
voltage/frequency reflect the activity and use, or workload,

of a component. Monitoring operating characteristics, as is done by White’s

power management logic, 1s not the same as monitoring a
processing element’s workload using a workload monitor.

Pet.at 7, 53. Further, in White the power management logic receives
Ex. 1008 at 10:43-46 : : :

Ex. 2001 0071 67-72. current operating voltages and operating frequencies, not
POR at46-49. workload —i.e., not activity levels.

MB USA v. Daedalus Prime IPR2023-01343
Patent Owner's Demonstrative Exhibits -- Not Evidence 19
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Failings of White vis-a-vis Claim 4
Flaws

White does not teach or suggest this requirement.

In another embodiment, a system including a multi-core
processor may be operating from battery power and
power management logic 200 may be configured to
detect when the system is operating on battery power
and adjust the operating frequency of one or more of the

Petition Argument

Claim 4 is obvious in view of White. logic cores. Additionally, power management logic 200
may be configured to detect when the system transitions
White discloses the power management unit receiving from battery power to wall power and adjust the
operating voltages/frequencies based on an integrated operating frequency of one or more logic cores to a
circuit reaching a limit, such as a battery power limit. higher frequency to take advantage of the fact that the
system is no longer on battery power.
Pet. at 54.
There is no mention of a battery power limit and, if anything,
s the power management logic detects when the system is
Ex. 1008 at 15:54-64. operating on battery power, irrespective of any “limit.”

POR at 50.

MB USA v. Daedalus Prime IPR2023-01343
Patent Owner's Demonstrative Exhibits -- Not Evidence 20
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Failings of White vis-a-vis Claim 4

Flaws

The petition confuses the power management logic with different
“temperature control logic.”

temperature
control logic

integrated circuit 100

temperature
sensor(s)
220

Petition Argument

| { } |
voltage logic logic frequency
regulator(s) |—f»{ core core |« regulator(s)
130 120A 1208 140

Claim 4 is obvious in view of White.
“White discloses that power management logic 200 FIG. 2B

receives workload information based on the integrated
circuit reaching a thermal design power limit, such as
‘a predetermined maximum operating temperature.’”

Operating characteristics (voltage / frequency) for the logic cores may

be controlled by temperature control logic 210. The temperature control

logic, not the power management logic, is configured to read current

operating temperatures and request changes in operating characteristics

of the cores based on readings from temperature sensors.

Pet. at 55.

b 008 At 11:61-64, 12:38-38, Fig. 28. The petition mistakenly attributes such actions to the power
management logic

MB USA v. Daedalus Prime IPR2023-01343
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Conclusion

The Petition has failed to prove the unpatentability of any of the challenged claims.

POR at 53.
MB USA v. Daedalus Prime IPR2023-01343
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