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N ABSTRACT

In onc embodiment, the present invention includes & pro-
cessor having multiple domains including at least a core
domain and a non-core domain (hal is (ransparent to an
operating system (0S). The non-core domain can be con-
trolled by @ driver. In tum, the processor further includes a
memory interconnect to interconnect the core domain and
the non-core domain fo a memory coupled to the processor.
Still further, a power controller, which may be within the
processor, can control a frequency of the memory intercon-
nect based on memory boundedness of a workload being
exceuied on the non-core domain. Other cmbodiments arc
described and claimed.

20 Claims, 5 Drawing Sheets
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’588 Patent

The ’588 patent describes a multicore processor in which
different components (individual CPU cores, graphics
processing circuitry, and an interconnect) can operate at
different, independent voltages and/or frequencies. Such
components can include.

The processor includes a power control unit and frequency
control logic to dynamically update the frequency of
interconnect based on a frequency of the graphics engine.

The graphics engine can control its own memory bandwidth.
Thus, performance of the graphics engine is improved over that
which it might otherwise be, particularly since, for a graphics
engine, workload performance is a strong function of the
bandwidth available to it.

Ex. 1001 1:57-2:39; 6:47-63
POR, 3-4
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’588 Patent

Control of the memory bandwidth is provided by a mechanism that maps the

graphics engine frequency to a corresponding interconnect frequency. “This TABLE 1
mapping can be maintained in a table, which may be located in a power —

. . Minimum Interconnect
controller of the processor such as a power control unit (PCU).” The mapping Table Entry ~ Non-Core Frequency Frequency
table includes a plurality of entries each having two parameters, namely 1 300 $00
graphics engine (or “non-core domain”) frequency and corresponding : pho S
minimum interconnect frequency, e.g., specified in MHz. 4 450 800

5 500 800
. . . ., . . . . . 6 550 800
The table is configured during initialization (e.g., the graphics engine can set ; 228 1288
up this table in PCU memory by specifying pairwise entries to identify a target 9 700 1500
. : : : 11 750 1500
interconnect f?equency for a corresponding graphlcs.engme frequency) and 5 £00 1300
can be dynamically updated based on a workload being executed by the 13 850 1500
. . . 14 900 1800
graphics engine. After configuration, the PCU can access the table based on a 15 950 1600
frequency at which the graphics engine is operatiqg to obtain the o o Lo o
corresponding target interconnect frequency. In this way, a close association 18 1100 2200
between the workload being handled in graphics engine and the bandwidth of 5 oo o
the path to the memory subsystem can be achieved. 21 1250 2500
22 1300 2600
Claims 5 and 12 of the ’588 patent recite the “mapping of selectable
frequencies of the graphics processing circuitry to selectable frequencies of
the interconnect.” Ex. 1001 2:19 e seq.; 4:57 — 5:1; 8:62-65; 9:37 — 10:2.
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’588 Claim Construction

Claims 5 and 12 each require a mapping of a set of possible frequencies of the graphics processing
circuitry that can be selected to a set of possible frequencies of the interconnect that can be selected.

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

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

Horst Deposition 23:1-11

So I interpret that to mean that there are a
set of possible frequencies that can be selected.
BY MR. FAHMI:

Q And if we look at claim 12, which begins at
the bottom of column 9 and carries over to the top of
column 10, it also recites the mapping of selectable
frequencies.

Would that have the same meaning in claim 12
as it does in claim 52
A Yes. Claims 5 and 12, again, I analyzed

together with similar limitations.

Brogioli Dec. at q 33;
POR, 9.

MB USA v. Daedalus Prime IPR2023-01345
Patent Owner's Demonstrative Exhibits -- Not Evidence 4

Daedalus Ex. 2003




’588 Challenges

Claims Challenged 35U.S.C. 8§ References
5,6,12,13 103 White in view of Shakkarwar
5,6,12,13 103 Nussbaum in view of Shakkarwar
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White

A processor or other integrated circuit may include mul-
tiple logic cores, each of which may be configured to operate
at frequencies and voltages independently of the other logic
cores, according to one embodiment of the present inven-

tion.

power manzgoment ogi

White, 2:15-18.

integrated circuit 100
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FIG. 2A

FIG. 2A illustrates a block diagram representing one
embodiments of a system including multi-core integrated
circuit 100. In the embodiment illustrated by FIG. 2A, power
management logic 200 may be configured to control the
operating characteristics, such as the operating voltage and/
or operating frequency, of each of multiple logic cores 120
of integrated circuit 110.
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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).
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7 ABSTRACT

Performance sensitivities 1o a change in performance capa-
bilities of ional unils ofa compuler system are deter-
mined based on measured utilization metrics for cach of the
computational units. In order to determine the performance
sensitivities, in one approach, the computational unils arc
operated at a first performance level, and respective first uti-
lization metrics are determined. The computational units are
then operated al a second performance level and respective
second utilization metrics are determined. The sensitivity to
performance capability change, e.g., a frequency change, is
determined based on the respective first and second utiliza-
tion metrics. The performance sensitivities of the computa-
tional units to a change in performance capability are con-
tinually updated in response to, e.g.. a process context change
of a computational unit or in response to a predetermined
period of time elapsing since the last sensitivity to a perfor-
mance capability change was determined for a computational
unit.
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Nussbaum

Nussbaum describes an “analysis of workload executed on
computational units to help identify those computational units that are
more performance sensitive to a change in performance capability
caused by, e.g., a frequency change.”

The computational units are operated at a first performance level, and
respective first utilization metrics are determined. The computational
units are then operated at a second performance level and respective
second utilization metrics are determined. The sensitivity to
performance capability change, e.g., a frequency change, is determined.

Power distribution is then based on these measured frequency
sensitivities.

Nussbaum, [0005]-[0006], [0019]
POR, 23-24
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Systems and methods for dynamic power management of
electronic devices are disclosed. In one form, a system
cemploying dynamic power management for electronic
devices includes a central processing unit operable to process
information via a communication bus. The system includes a
clock generator and a voltage gencrator coupled to the pro-
cessing unit and operably associated with the communication
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dynamically managed while providing sufficient bandwidth
for the system.
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Shakkarwar

Shakkarwar is concerned with adjusting the data rate of a bus based on

analysis of software being executed by a processor, or on detecting that
certain components connected to the bus are idle or otherwise unused.

For example, when the system detects that no software applications are
using a GPU, the system can decide to reduce the data rate (i.e., reduce
the bandwidth) over the bus to save power. Similarly, when the system
detects than an application was opened that is likely to require the GPU,
the system will increase the data rate between the data controller and the
graphics controller to support the functionality of the application.

Shakkarwar determines a frequency to change the bus to by using “a
look-up table [that] may include a list of clock speeds ... required to
process information for specific devices and/or groups of devices.”

Shakkarwar, 5:53 — 7:26; 8:50-56;
POR, 17-18.
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Upon detecting a change in processing, the method deter-
mines bandwidth 403 for an associated data connection based
on the active components. For example, a look-up table may
include a list of clock speeds, and/or voltage levels required to
process information for specific devices and/or groups of

devices.
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Failings of White-Shakkarwar & Nussbaum-Shakkarwar

Petition Arguments

White-Shakkarwar / Nussbaum-Shakkarwar teaches
or suggests a mapping of selectable frequencies of
graphics processing circuitry to selectable
frequencies of an interconnect, specifically the look-
up table disclosed at 7:5-10 of Shakkarwar.

A POSITA would have understood Shakkarwar
teaches such a mapping using the look-up table,
because Shakkarwar determines an appropriate
bandwidth for a data connection utilizing the look-
up table that includes a list of appropriate clock
speeds while also considering other active
components and their clock speeds.

Pet. at 52-53, 88-89;
POR, 20-22, 27-28.

Flaws

Shakkarwar does not associate, by way of a look-up table or
otherwise, particular GPU frequencies with particular bus frequencies.

Dr. Horst testified that claims 5 and 12 require a mapping of a set of
possible frequencies of the graphics processing circuitry that can be
selected to a set of possible frequencies of the interconnect that can be
selected. Horst Tr at 21:19 — 22:11.

Shakkarwar, on the other hand, monitors bandwidth for a component
(not frequency), and consults a table that includes clock speeds and/or
voltage levels required to process information for specific devices.
Brogioli Dec. at 9§ 43 (citing Shakkarwar at 7:7-10); Horst Tr. at 24:9 —
25:2.

There is no teaching or suggestion that this table, which simply
includes clock speeds required to process information for specific

devices, has any mapping of frequences, let alone frequencies that can
be selected, of the kind specified. Brogioli Dec. at | 43-44.

MB USA v. Daedalus Prime IPR2023-01345
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Failings of White-Shakkarwar & Nussbaum-Shakkarwar

Petition Arguments

White-Shakkarwar / Nussbaum-Shakkarwar teaches
or suggests a mapping of selectable frequencies of
graphics processing circuitry to selectable
frequencies of an interconnect, specifically the look-
up table disclosed at 7:5-10 of Shakkarwar.

A POSITA would have understood Shakkarwar
teaches such a mapping using the look-up table,
because Shakkarwar determines an appropriate
bandwidth for a data connection utilizing the look-
up table that includes a list of appropriate clock
speeds while also considering other active
components and their clock speeds.

Pet. at 52-53, 88-89;
POR, 20-22, 27-28.

Flaws

Insofar as Shakkarwar describes detecting “a change in processing
condition[s],” Ex. 1006 at 6:49 et seq., those changed processing
conditions are the anticipated data needs of software, not the
frequency of any devices..

Shakkarwar specifies the look-up table reports clock speeds, etc.
required to process information for specific devices. Ex. 1006 at 7:7-
10.

By highlighting information processing needs, Shakkarwar is
indicating that the clock speeds are tied to particular data needs of the
devices. Considerations of the hardware are addressed through
empirical calculation, by knowing the requested data bandwidth of
each device. Ex. 1006 at 7:10-17. This explains why the look-up table
does not need to and does not provide any mapping of frequencies,
and instead merely reports the device clock speeds (and/or voltages).

Brogioli Dec. at § 44.
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Conclusion

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