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POWER CHANNEL MONITOR
FOR A MULTICORE PROCESSOR

BACKGROUND

[0001] Unless otherwise indicated herein, the materials described in this
section are not prior art to the claims in this application and are not admitted to be
prior art by inclusion in this section.

[0002] Multicore processors are generally made up of multiple processor
cores with interconnections between the individual cores. Some architectures for
interconnecting individual cores support communication between neighboring cores
with high efficiency. However, communications between nonadjacent cores within
the multicore processor may incur delays due to passing messages between
intermediate cores. As core counts within multicore processors increase, optimization
of communication between cores becomes increasingly important. These
communications may include messages querying the level load on the different cores
within the multicore processor.

[0003] Dynamic voltage and frequency scaling (DVFS) is a power
management technique where voltages and/or clock frequencies associated with a
processor are adjusted to manage heat generation and power consumption. Dynamic
voltage scaling can decrease the voltage applied to a processor in order to conserve
power. This may be particularly useful in laptop computers and other types of battery
powered mobile devices. Dynamic voltage scaling can increase the voltage applied to
a processor in order to increase computer performance. Dynamic frequency scaling
can decrease, or even pause, the clock frequency of the processor in order to decrease
power consumption.

[0004] Attempts to apply DVFS to individual cores within a multicore
processor may encounter a number of difficulties as the number of cores increases.
For example, obtaining steady and up-to-date information on the computation load or
power required by each core through message queries to the cores can scale into a

performance limitation for the multicore processor.
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BRIEF DESCRIPTION OF THE FIGURES

[0005] The foregoing and other features of this disclosure will become more
fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the disclosure and are, therefore,
not to be considered limiting of its scope, the disclosure will be described with
additional specificity and detail through use of the accompanying drawings, in which:

FIG. 1 is a block diagram illustrating a multicore processor configured for
power channel monitoring;

FIG. 2 is a schematic diagram illustrating a multicore processor with various
power distribution architectures;

FIG. 3 is a schematic diagram illustrating a multicore processor having a
multiplexed power monitor;

FIG. 4 is a schematic diagram illustrating a multicore processor having a
multiplexed power monitor using current sensors;

FIG. 5 is a flow diagram illustrating a process for power channel monitoring
in a multicore processor; and

FIG. 6 is a block diagram illustrating an example computing system, all

arranged according to at least some embodiments presented herein.

DETAILED DESCRIPTION

[0006] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed description, drawings, and claims
are not meant to be limiting. Other embodiments may be utilized, and other changes
may be made, without departing from the spirit or scope of the subject matter
presented herein. It will be readily understood that the present disclosure, as

generally described herein, and illustrated in the figures can be arranged, substituted,
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combined, separated, and designed in a wide variety of different configurations, all of
which are explicitly contemplated herein.

[0007] This disclosure is generally drawn, inter alia, to methods, apparatus,
and systems related to power channel monitoring in multicore processors. Techniques
are described for a power management system that can be configured to monitor the
power channels supplying individual cores within a multicore processor. The system
may include a power monitor that provides a direct measurement of power
consumption for each core. The power consumption of individual cores can indicate
which cores are encountering higher or lower usage. The usage determination can be
made without sending any data messages to, or from, the cores being measured. The
determined usage load being serviced by each processor core may be used to adjust
power and/or clock signals supplied to the cores. Reducing data communications
between cores can improve system operation, particularly as the number of cores
increases. Furthermore, determining usage without data communications may also
reduce processor computation cycles associated with traditional usage measurements
such as operation counting.

[0008] Power monitoring in the manner presented herein can measure power
consumed by processor cores within a multicore processor. The measured power and
other power management information may be provided to a power manager module.
The power manager module may be configured to adjust one or more operational
parameters of the processor cores based upon the measured power. In some example
scenarios, the power manager module may adjust the current, voltage, power, clock
signals, or any combination thereof provided to the corresponding processor cores.
Example clock signal characteristics that can be adjusted may include a clock signal
amplitude, frequency, voltage, pulse width, period, or duty cycle. Also, the power
manager module may be configured to indirectly adjust the use of, or task allocation
to, each of the processor cores by providing power consumption and usage
information to a higher level power management operation.

[0009] Power monitoring in the manner presented herein can also provide
more accurate processor core usage measurements than traditional temperature
monitoring since temperature monitoring may be affected by the environment, the
operation of neighboring cores, or other blocks within the integrated circuit
supporting the processor. Power monitoring can be used with dynamic voltage and

frequency scaling (DVFS) since the scaled voltages or switching frequencies will
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manifest as reduced monitored power consumption. According to some
embodiments, power monitoring may also serve as a watchdog monitor to identify
when a processor core is locked in an infinite loop or some other error state. These
states can often be associated with consistently high power consumption by an
affected processor core.

[0010] FIG. 1 is a block diagram illustrating a multicore processor 120
configured for power channel monitoring according to one or more embodiments
presented herein. The multicore processor 120 may comprise multiple cores 110A-
110P. The multiple cores 110A-110P may be referred to collectively, or in general, as
cores 110. A power supply 130 (e.g., a power supply circuit, a power supply module,
etc.) associated with the multicore processor 120 can be configured to provide power
supply channels to the cores 110. The power supply channels may also be referred to
as power rails. Power for each core, or group of cores, may be supplied by a separate
power channel.

[0011] A power monitor 150 (e.g., a power monitor circuit, a power monitor
module, etc.) associated with the multicore processor can be configured to monitor
cach of the power channels to determine the amount of power supplied from the
power supply 130 to each of the cores 110. A power manager 160 (e.g., a power
manager circuit, a power manager module, etc.) associated with the multicore
processor 120 can be configured to cooperatively operate with the power supply 130
and the power monitor 150 to provide power management and thermal management
for the multiprocessor 120.

[0012] According to some embodiments, the power manager 160 can be
configured to control the power supply 130 in response to measurements from the
power monitor 150. According to some other embodiments, the power manager 160
can be configured to control clock signals supplied to one or more of the cores 110 in
response to measurements from the power monitor module 150. According to yet
some other embodiments, the power manager 160 can be configured to provide an
interface to the cores 110 or other components of the multicore processor 120 or
associated computing device. The provided interface may be adapted to read status
information related to the power manager 160, such as power channel measurements
obtained from the power monitor 150. The interface may also be adapted to write to

the power manager 160 to set configurations, controls or other variables associated
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with one or more of the power manager 160, the power monitor 150, and/or the power
supply 130.

[0013] One example of dynamic thermal management that may be employed
by the power manager 160 can be referred to as clock gating. Global clock gating can
be adapted to turn off all, or substantially all, clock signals to halt processor operation
of multicore processor 120. Local clock gating can be adapted to turn off individual
clock signals to cores 110 or other blocks of the multicore processor 120. The gating
off of clocks can temporarily reduce power consumption and may be used when there
is an over-temperature condition or when an over-temperature condition is being
avoided. While clocks are gated off, processor states such as registers, branch
predictor tables, and local caches may be maintained. As such, clock gating can act as
a suspend, or sleep, mode for processor cores 110 within the multicore processor 120
rather than an off-switch.

[0014] In addition to gating clock signals to temporarily stop one or more of
the cores 110, the power manager 160 may also be configured to adjust the clock
frequency (e.g., decrease the frequency to slow operational speed, or increase the
frequency to increase operational speed) supplied to one or more of the cores 110.
Alternatively, the clock may be run at a constant speed during the on-state of a duty
cycle and gated off during the off-state of the duty cycle. As such, a clock duty cycle
may adjusted by the power manager 160 to provide a periodic gating of the clock to
reduce power consumption at the corresponding core 110. In addition to clock
frequency and duty cycle, additional characteristics of the clock signal can be adjusted
such as signal amplitude (either single ended or differential), voltage or current level,
pulse width, period, etc. Adjusting of one or more characteristics associated with
clock signals may be controlled by the power manager 160 such that the power
consumption associated with each of the individual cores 110 within the multicore
processor 120 may be controlled.

[0015] By providing a status and control interface, the power manager 160
may also be arranged to support higher level power management techniques. For
example, policy-based thread migration techniques can be configured to relocate
processes or threads between the cores 110 to manage power consumption and
thermal characteristics of multicore processor 120. These higher level power
management techniques may also be combined with physical approaches such as

DVFS. Empirical tests can demonstrate that a multicore processor 120 having two
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cores 110 using thread relocation management along with basic voltage and frequency
management can, in some examples, yield approximately 250% improvement in
available resources or in equivalent reduction in power consumption.

[0016] According to another higher level, or hybrid, power management
approach, a compiler or runtime environment may be configured to set optimization
parameters used to compile or execute code according to the power management
condition of a processor or core 110. The compiler can also be configured to suggest
DVES settings for the processor or core 110 according to computational needs.

[0017] It should be appreciated that the power channel monitoring techniques
presented herein may be applied not only to processor cores 110, but also to any other
blocks or functional units within the multicore processor 120. For example,
memories, caches, input/output drivers, controllers, other blocks, or other functional
units within the multicore processor 120 may be supported by the power channel
monitoring techniques presented herein. Furthermore, the techniques may be applied
to any blocks, cores, modules, circuits or other subdivisions within any integrated
circuit, chip, system on chip (SOC), multichip array, application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAS), other programmable logic,
memories, controllers, or so forth where such subdivisions may have individual, or
partially isolated, power supply channels.

[0018] It should be appreciated that functions of the power monitor 150 and
the power manager 160 may be provided within other modules. For example, such
functionality may be integrated into the power supply 130 or other control,
management, or supervisor modules. Similarly, the functions of the power monitor
150 and the power manager 160 may be combined into a single module.

[0019] Turning now to FIG. 2, a schematic diagram illustrates a multicore
processor 120 with various power distribution architectures arranged according to one
or more embodiments presented herein. The power supply 130 can be configured to
supply power to the cores 110 of the multicore processor. Power for each core, or
group of cores, may be supplied by a separate power channel. For example, power
channel 210A may supply power from the power supply 130 to the processor core
110A while power channel 210B may supply power from the power supply 130 to
both of the processor cores 110B and 110C. Similarly, power channel 210C may
supply power from the power supply 130 to the three processor cores 110D, 110E,

and 110F. According to some embodiments, power may be supplied to each core, or
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group of cores, with two or more power channels. For example, the power channel
210D may be configured to supply power at SVDC (volts direct current) to the
processor core 110G while a second power channel may be configured to supply
power at 3.3VDC to the same processor core 110G. Various other levels of power
supply voltage or current may also be supported according to various embodiments.
[0020] Turning now to FIG. 3, a schematic diagram illustrates a multicore
processor 120 having a multiplexed power monitor arranged according to one or more
embodiments presented herein. The power supply 130 can be configured to supply
power to the cores 110 of the multicore processor. In this example, power can be
supplied to core 110A over power channel 210A, to core 110B over power channel
210B, and to core 110C over power channel 210C. The power channels 210A-210C
may be referred to collectively, or in general, as power channels 210. While three
cores 110 are illustrated along with three power channels 210, it should be appreciated
that any number of cores 110 and power channels 210 may be present within the
multicore processor. The number of cores 110 and power channels 210 may be the
same, or the number may differ as more than one core 110 may be supplied by a
single power channel 210 and a core 110 may be supplied by more than one power
channel 210.

[0021] The power delivered over each of the power channels 210 may be
measured by the power monitor 150. According to some embodiments, an analog-to-
digital converter (ADC) 230 may be adapted to measure the analog state of a power
channel 210 and provide digital information that corresponds to the measured analog
state. In one example, the ADC 230 may be configured to directly, or indirectly,
measure the voltage of a power channel 210. In another example, the ADC 230 may
be configured to measure the current of a power channel 210 as further detailed with
respect to FIG. 4.

[0022] A multiplexer 220 may be configured to select which, of several,
power channels 210 is currently being sampled by the ADC 230. One or more control
inputs 240 associated with the multiplexer 220 may be used to select the current
power channel 210 for monitoring. The control inputs 240 may be provided by the
power monitor 150, the power manager 160, a counter, a state machine, or other
circuit or module associated with the power management of the multicore processor
120. It should be appreciated that the multiplexer 220 and/or the ADC 230 may be

integrated into the power monitor 150 according to embodiments.
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[0023] The current and/or voltage associated with the power channels 210
may be measured by the power monitor 150. According to various embodiments, the
voltage may be substantially fixed while the current may vary according to the power
demand of the core 110. Alternatively, the current may be substantially fixed while
the voltage varies according to the power demand of the core 110. Depending upon
which of the current or voltage are varying, the power monitor 150 can measure the
varying current and/or the varying voltage. The substantially fixed current or voltage
can be a known, or specified, value. The power may then be computed according to
the relationship that power equals current multiplied by voltage. For example, power
(in Watts) may be determined by multiplying the current (in Amperes) by the voltage
(in Volts). Voltage may also be referred to as potential, electrical potential, potential
difference, or electromotive force. Current may be viewed as a time rate of charge
flow. Also, power may be considered a capacity for doing work in a given period of
time, where work may be viewed as applying a force over a distance, such as when
moving a charge against a field.

[0024] The current and/or voltage of the power channels 210 may be
measured by the power monitor 150 without substantial modification of the power
delivery system within the multicore processor 120. As discussed above, direct
measurement of the power supplied to cores 110 and other blocks of the multicore
processor 120 can provide information about a computational load, or a usage level,
associated with each core 110 without loading any data buses with message queries.
[0025] Measuring the power consumption of the cores 110 with the power
monitor 150 may inform thermal modeling, thermal load balancing, load planning,
and other system management functions related to power and thermal management.
According to some embodiments, the power manager 160 may use the power
consumption information associated with the processor cores 110 to adjust settings for
the supplied voltages or clock frequencies of the associated cores 110. For example,
if a particular processor core 110 is consuming a reduced amount of power, the power
manager 160 may determine that the core 110 is handing a reduced computation load
and thus lower the voltage supplied to that core 110, or reduce the clock frequency
supplied to that core 110.

[0026] In FIG. 4, a schematic diagram illustrates a multicore processor 120
having a multiplexed power monitor using current sensors 310A-310C arranged

according to one or more embodiments presented herein. A current sensor 310A may
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be placed inline with power channel 210A supplying power to core 110A. Similarly,
current sensor 310B may be placed inline with power channel 210B supplying power
to core 110B and current sensor 310C may be placed inline with power channel 210C
supplying power to core 110C. The current sensors 310A-310C may be referred to
collectively, or in general, as current sensors 310. According to some embodiments,
the power monitor 150 may be configured to measure a current associated with the
supply channels 210. These current measurements may be performed using current
sensors 310. A signal representative of the measured current may be a voltage (as
discussed below) or a current and may be converted into a digital, or numerical, value
using ADC 230.

[0027] An example current sensor 310 may involve measuring a drop in
potential, or voltage, over a known load (or resistance) that is placed inline with the
power channel 210 for which current being measured. However, it may be
undesirable, from a thermal and power loss perspective, to drop an entire supply
current through a known load. Thus, a scaled current mirror may be used as a current
sensor 310 where a scaled representation of the current in the supply channel 210 may
be provided by the current mirror for measurement. Alternatively, a feedback voltage
signal within the current mirror may be measured directly. A current mirror can be
any circuit designed to copy a current supplied through one component of the circuit
by adjusting a current within another component of the circuit.

[0028] Referring now to FIG. 5, additional details will be provided regarding
the embodiments presented herein for power channel monitoring of core usage within
a multicore processor. In particular, FIG. 5 is a flow diagram illustrating a process
400 for power channel monitoring in a multicore processor arranged according to at
least some embodiments presented herein.

[0029] It should be appreciated that the operations described herein are
implemented as a sequence of operational or manufacturing acts, as a sequence of
computer implemented acts or program modules running on a computing system, or
as interconnected machine logic circuits or circuit modules within the computing
system. The implementation is a matter of choice dependent on the performance and
other requirements of the various embodiments. Some of the logical operations
described herein are referred to variously as state operations, functions, actions,
structural devices, or modules. These operations, functions, actions, structural

devices, and/or modules may be implemented in software, in firmware, in special
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purpose digital logic, and any combination thercof. It should also be appreciated that
more or fewer operations may be performed than shown in the figures and described
herein. These operations may also be performed sequentially, in parallel, or in a
different order than those described herein.

[0030] Process 400 may include various operations, functions or actions as
illustrated by one or more of blocks 410, 420, 430, 440, 450, 460, and/or 470. The
process 400 may begin at block 410 (Monitor Power Channels Supplying Each Core
of a Multicore Processor), where the power monitor 150 can be configured to measure
the current and/or voltage on each of the respective power channels 210 supplying the
processor cores 110. In some examples, the current and/or voltage on multiple power
channels 210 may be measured using an ADC 230 and a multiplexer for 220 adapted
to select which of the power channels 210 is currently being sampled by the ADC 230
for reading by the power monitor 150. Block 410 may be followed by block 420.
[0031] At block 420 (Measure Power Delivered to Each Core over the Power
Channels), the power monitor 150 may be configured to determine the power supplied
by each of the respective power channels 210 to the processor cores 110. The current
or voltage of each respective power channel 210, as measured at block 410, may be
used to determine the power consumed by the core 110 associated with each power
channel 110. As discussed above, a measured current and/or voltage may be used to
compute the power consumed using the relationship of power equals current
multiplied by voltage. Block 420 may be followed by block 430.

[0032] At block 430 (Determine a Load Associated with Each Core from the
Measured Power), the power manager 160 and/or the power monitor 150 may be
configured to determine a computational load associated with each of the cores 110 of
the multicore processor 120. The computation load being serviced by a core 110 may
be determined from the power being consumed by the core 110 as determined at block
420. The power consumed by a core 110 may largely be used by switching transistors
within the logic, gates, registers, and other memories associated with the core 110.
The power consumption may be highly correlated to the activity of these elements
within the core 110 and thus may be used as a proxy for determining the load being
serviced by the core 110. A measure of the computational load may also be referred

to as an activity level associated with each core 110. Block 430 may be followed by
block 440.
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[0033] At block 440 (Adjust the Power Supplied to a Core Based upon the
Load Associated with the Core), the power manager 160 may be configured to adjust
the power being supplied from the power supply 130 to each of the cores 110 within
the multicore processor 120. The power delivered to a core 110 may be adjusted by
scaling the voltage and/or current driven to the power channel 210 feeding the core
110 by the power supply 130. Block 440 may be followed by block 450.

[0034] At block 450 (Adjust the Clock Signal to a Core Based upon the Load
Associated with the Core), the power manager 160 may be configured to adjust the
respective clocks being supplied to each of the core 110 within the multicore
processor 120. The power consumed by a core 110 may be adjusted by gating,
scaling, or duty cycling the clock signal used by the core 110. Furthermore, the clock
signal may be adjusted according to its amplitude (either single ended or differential),
voltage or current level, frequency, voltage, pulse width, or period. Block 450 may be
followed by block 460.

[0035] At block 460 (Provide Power Management Information to the
Multicore Processor), the power manager 160 may be configured to provide
information related to power management to the multicore processor 120. The
information may include the voltage and/or current supplied to each core 110 as
measured at block 410, the power supplied to each core 110 as determined at block
420, the load at each block as determined at block 430, or any other power
management information that may be used to control, measure, or manage operation
of the multicore processor 120. The information may be supplied by the power
manager 160 in the form of readable data registers. The interface for reading the
registers may be internal to the multicore processor 120 or may be supplied as
input/output on any data buses, low pin count buses, or other interfaces to the power
manager 160. Block 460 may be followed by block 470.

[0036] At block 470 (Expose a Power Management Control Interface to the
Multicore Processor), the power manager 160 may be configured to provide an
interface for controlling parameters related to power management on the multicore
processor 120. The parameters may include specifying the voltage and/or current
supplied to each core 110, the power and clock adjustments to be made in response to
the measured load at each core 110 as determined at block 430, or any other power
management parameters used to control, measure, and/or manage operation of the

multicore processor 120. The interface may be provided within the power manager
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160 in the form of writable data registers. The interface for writing to the registers
may be internal to the multicore processor 120 or may be supplied as input/output on
any data buses, low pin count buses, or other interfaces to the power manager 160.
After block 470, the process 400 may either repeat (e.g., periodically, continuously, or
on demand as needed) or terminate.

[0037] With reference to FIG. 6, an example computing system is illustrated
for implementing various embodiments described herein. The computing system can
support embodiments for implementing power channel monitoring for multicore
processors. For example, the computing system illustrated in FIG. 6 might include a
multicore processor 120 configured to support power channel monitoring. Various
embodiments may include computers, dedicated hardware, or embedded computing
Systems.

[0038] The computing system includes a computer 10. The computer 10 can
include the multicore processor 120, a memory 12 and one or more drives 13. The
drives 13 and their associated computer storage media can provide storage of
computer readable instructions, data structures, program modules 23 and other data
for the computer 10. The computer 10 may be implemented as a conventional
computer system, an embedded control computer, a laptop, or a server computer, a
mobile device, a set-top box, a kiosk, a vehicular information system, a mobile
telephone, a customized machine, or other hardware platform. According to various
embodiments, the multicore processor 120 may be a general purpose processor, a
processor core, a multiprocessor, a multicore processing unit, a graphics processor, a
digital signal processing (DSP) processor, a customized computing device
implemented within an application specific integrated circuit (ASIC), a customized
computing device implemented within a field programmable gate array (FPGA), a
customized computing device implemented within any type of programmable logic, a
state machine, a reconfigurable processor, any other processing unit, or any
combination or multiplicity thereof. The multicore processor 120 may feature a
power monitor 150 and/or a power manager 160 as discussed herein.

[0039] The drives 13, other storage devices, or their associated computer-
readable storage media may store an operating system 21, application programs 22,
and program modules 23. The program modules 23 may include power management
software 24 for implementing power monitoring and power management functionality

as discussed herein. It should be appreciated that the power management software 24
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may also be part of the operating system 21, the application programs 22, the ROM,
or any other component for providing executable instructions to the computer 10. The
computer 10 may include user input devices 15 through which a user may enter
commands and data. Input devices may include an electronic digitizer, a microphone,
a keyboard, a pointing device, or any combination thereof. Examples of pointing
devices may include a mouse, trackball, light pen, touch screen, or touch pad. Other
input devices to the computer 10 may include a joystick, game pad, satellite dish,
scanner, or the like. Input devices may be connected to the multicore processor 120
through a user input interface that is coupled to a system bus. The input devices may
also be connected by other interface and bus structures, such as a parallel port, game
port or a universal serial bus (USB). Computers such as computer 10 may also
include other peripheral output devices such as speakers, which may be connected
through an output peripheral interface 19 or similar interface.

[0040] The computer 10 may operate in a networked environment using
logical connections to one or more computers, such as a remote computer connected
to network interface 16. The remote computer may be a personal computer, a server,
a router, a network PC, a peer device, or other common network node. The remote
computer may include many or all of the elements described herein relative to the
computer 10. Networking environments may include networks (WAN), local areca
networks (LAN), intranets, the Internet, or combinations thereof.

[0041] When used in a LAN or wireless LAN (WLAN) networking
environment, the computer 10 may be connected to the LAN through a network
interface 16 or a network adapter. When used in a WAN networking environment,
the computer 10 may include a modem or other mechanism for establishing
communications over the WAN. The WAN may include the Internet, the illustrated
network 18, various other networks, or any combination thercof. It should be
appreciated that other mechanisms of establishing a communications link, ring, mesh,
bus, cloud, or network between computers may be used.

[0042] The computer 10 may include one or more instances of a physical
computer-readable storage medium or media associated with drives 13 or other
storage devices. The system bus may enable the multicore processor 120 to read code
and/or data to/from the computer-readable storage media. The media may represent
an apparatus in the form of storage elements that are implemented using any suitable

technology, including but not limited to semiconductors, magnetic materials, optical
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media, electrical storage, electrochemical storage, or any other such storage
technology. The media may represent components associated with memory 12,
whether characterized as RAM, ROM, flash, or other types of volatile or nonvolatile
memory technology. The media may also represent secondary storage, whether
implemented as the storage drives 13 or otherwise. Hard drive implementations may
be characterized as solid state, or may include rotating media storing magnetically-
encoded information.

[0043] The storage media may include one or more program modules. The
program modules 23 may include software instructions that, when loaded into the
multicore processor 120 and executed, transform a general-purpose computing system
into a special-purpose computing system customized to facilitate all, or part of, the
power monitoring and power management techniques disclosed herein. As detailed
throughout this description, the program modules 23 may provide various tools or
techniques by which the computer 10 may participate within the overall systems or
operating environments using the components, logic flows, and/or data structures
discussed herein.

[0044] According to some embodiments, the storage media may be
implemented using magnetic or optical technology such as drives 13. In such
implementations, the program modules 23 may transform the physical state of
magnetic or optical media, when the software is encoded therein.  These
transformations may include altering the magnetic characteristics of particular
locations within given magnetic media. These transformations may also include
altering the physical features or characteristics of particular locations within given
optical media, to change the optical characteristics of those locations. It should be
appreciated that various other transformations of physical media are possible without
departing from the scope and spirit of the present description.

[0045] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of
various aspects. Many modifications and variations can be made without departing
from its spirit and scope, as will be apparent to those skilled in the art. Functionally
equivalent methods and apparatuses within the scope of the disclosure, in addition to
those enumerated herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are intended to fall within

the scope of the appended claims. The present disclosure is to be limited only by the
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terms of the appended claims, along with the full scope of equivalents to which such
claims are entitled. It is to be understood that this disclosure is not limited to
particular methods, components, elements, apparatuses, or systems, which can, of
course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting.

[0046] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the context and/or application. The
various singular/plural permutations may be expressly set forth herein for sake of
clarity.

[0047] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “includes but is not limited to,”
etc.).

[0048] It will be further understood by those within the art that if a specific
number of an introduced claim recitation is intended, such an intent will be explicitly
recited in the claim, and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following appended claims may contain
usage of the introductory phrases "at least one" and "one or more" to introduce claim
recitations. However, the use of such phrases should not be construed to imply that
the introduction of a claim recitation by the indefinite articles "a" or "an" limits any
particular claim containing such introduced claim recitation to embodiments
containing only one such recitation, even when the same claim includes the
introductory phrases "one or more" or "at least one" and indefinite articles such as "a"
or "an" (e.g., “a” and/or “an” should be interpreted to mean “at least one” or “one or
more”); the same holds true for the use of definite articles used to introduce claim
recitations. In addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should be
interpreted to mean at least the recited number (e.g., the bare recitation of "two
recitations,” without other modifiers, means at least two recitations, or two or more

recitations).
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[0049] In instances where a convention analogous to “at least one of A, B, and
C, etc.” is used, in general such a construction is intended in the sense one having
skill in the art would understand the convention (e.g., ““ a system having at least one of
A, B, and C” would include but not be limited to systems that have A alone, B alone,
C alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.). In those instances where a convention analogous to “at least one of A,
B, or C, etc.” is used, in general such a construction is intended in the sense one
having skill in the art would understand the convention (e.g., ““ a system having at
least one of A, B, or C” would include but not be limited to systems that have A
alone, B alone, C alone, A and B together, A and C together, B and C together, and/or
A, B, and C together, etc.). It will be further understood by those within the art that
virtually any disjunctive word and/or phrase presenting two or more alternative terms,
whether in the description, claims, or drawings, should be understood to contemplate
the possibilities of including one of the terms, either of the terms, or both terms. For
example, the phrase “A or B” will be understood to include the possibilities of “A” or
“B” or “A and B.”

[0050] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is
also thereby described in terms of any individual member or subgroup of members of
the Markush group.

[0051] As will be understood by one skilled in the art, for any and all
purposes, such as in terms of providing a written description, all ranges disclosed
herein also encompass any and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as sufficiently describing and
enabling the same range being broken down into at least equal halves, thirds, quarters,
fifths, tenths, etc. As a non-limiting example, each range discussed herein can be
readily broken down into a lower third, middle third and upper third, etc. As will also

EE N

be understood by one skilled in the art all language such as “up to,” “at least,”
“greater than,” “less than,” and the like include the number recited and refer to ranges
which can be subsequently broken down into subranges as discussed above. Finally,
as will be understood by one skilled in the art, a range includes each individual
member. Thus, for example, a group having 1-3 elements refers to groups having 1,
2, or 3 elements. Similarly, a group having 1-5 elements refers to groups having 1, 2,

3, 4, or 5 elements, and so forth.
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[0052] While various aspects and examples have been disclosed herein, other
aspects and examples will be apparent to those skilled in the art. The various aspects
and examples disclosed herein are for purposes of illustration and are not intended to

be limiting, with the true scope and spirit being indicated by the following claims.
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CLAIMS

What is claimed is:

1. An integrated circuit adapted to monitor power supply channels within
multicore processors, the integrated circuit comprising:

a plurality of processor cores;

a plurality of power channels configured to supply power to each of the
plurality of processor cores;

a power monitor configured to measure power supplied over each of the power
channels to each of the plurality of processor cores; and

a power manager configured to adjust an operational parameter of one or

more of the plurality of processor cores based upon the measured power.

2. The integrated circuit of claim 1, wherein one of the plurality of power

channels supplies power to two or more of the plurality of processor cores.

3. The integrated circuit of claim 1, wherein two or more of the plurality

of power channels supply power to a same one of the plurality of processor cores.

4. The integrated circuit of claim 1, wherein the operational parameter
comprises one or more characteristics of a clock signal that is provided to the one or

more of the plurality of processor cores.

5. The integrated circuit of claim 4, wherein the one or more
characteristics of the clock signal comprises one or more of a frequency, a period,

pulse width, a duty cycle, a signal amplitude, a voltage, and/or a current.

6. The integrated circuit of claim 1, wherein the power monitor module
comprises an analog-to-digital converter (ADC) that is coupled to one or more of the

plurality of power channels.
7. The integrated circuit of claim 6, wherein the power monitor module

further comprises a multiplexer configured to select the power channel being

measured by the ADC.
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8. The integrated circuit of claim 1, wherein the power monitor module is
coupled to one or more of a voltage sensor and/or one or more of a current sensor that

is coupled to one or more of the plurality of power channels.

9. The integrated circuit of claim 1, wherein the power monitor module
further comprises a current sensor that is coupled in series with one or more of the
plurality of power channels, wherein the current sensor comprises one or more of a
know load that is placed inline with the corresponding one of the power channels, or a

current mirror.

10. A method for monitoring power supply channels within a multicore
processor having a plurality of processor cores, the method comprising:

monitoring a plurality of power supply channels within the multicore
processor, wherein each of the plurality of power supply channels provides power to
one or more of the plurality of processor cores within the multicore processor;

determining a power usage associated with each processor core based upon a
result of monitoring each of the plurality of power supply channels; and

adjusting an operational parameter of one or more of the plurality of processor

cores based upon the determined power usage.

11. The method of claim 10, wherein monitoring comprises measuring one
or more of a voltage level associated with one or more of the plurality of power
supply channels, and/or a current level associated with one or more of the plurality of

power supply channels.

12. The method of claim 10, wherein monitoring comprises sampling one

of plurality of power supply channels using an analog-to-digital converter (ADC).

13.  The method of claim 12, wherein sampling further comprises selecting

one of the plurality of power supply channels using a multiplexer.
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14.  The method of claim 10, further comprising determining an activity
level associated with one or more of the processor cores based upon the determined

power usage associated with the respective processor core.

15.  The method of claim 10, further comprising one or more of adjusting
the power supplied to one or more of the processor cores in response to the
determined power usage associated with the respective processor core, and/or
adjusting the clock signal supplied to one or more of the processor cores in response

to the determined power usage associated with the respective processor core.

16.  The method of claim 10, further comprising providing the multicore
processor with power management information associated with the determined power

usage.

17.  The method of claim 10, further comprising providing an interface to
the multicore processor for configuring power management operations associated

with the processor cores.

18. A multicore processor including power supply channels adapted for
power supply monitoring, the multicore processor comprising:

a plurality of processor cores;

a power supply configured to provide a plurality of power supply channels to
the plurality of processor cores, wherein each of the plurality of power supply
channels is associated with one or more of the plurality of processor cores;

a power monitor configured to measure power supplied over each of the
plurality of power supply channels; and

a power manager configured to determine activity levels associated with one
or more of the plurality of processor cores based upon the measured power supplied
over each of the plurality of power supply channels, and adjust power levels
associated with one or more of the plurality of power supply channels in response to
the determined activity levels associated with one or more of the plurality of

Processor Corcs.
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19.  The multicore processor of claim 18, wherein the power monitor
comprises an analog-to-digital converter (ADC) that is coupled to one or more of the

plurality of power channels.

20.  The multicore processor of claim 19, wherein the power monitor
further comprises a multiplexer configured to select the power channel being

measured by the ADC.
21.  The multicore processor of claim 18, wherein the power monitor

comprises one or more of a voltage sensor and/or one or more of a current sensor that

is coupled to one or more of the plurality of power channels.
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