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DISTRIBUTION OF PROCESSING ACTIVITY
ACROSS PROCESSING HARDWARE BASED
ON POWER CONSUMPTION
CONSIDERATIONS

BACKGROUND

1. Field

The present disclosure pertains to the field of electronic
components. More particularly, the present disclosure per-
tains to distributing processing activity across various com-
ponents or portions of components based on power con-
sumption and/or thermal considerations.

2. Description of Related Art

Effectively monitoring and adjusting the consumption of
power and the consequent generation of heat of electronic
components is an ongoing struggle. Electronic components
such as integrated circuits continue to pack more and more
functionality into a smaller area. The result of such increas-
ing density of logic is typically an increase in the power
density, the power consumed per unit of area. Higher power
consumption per unit area typically results in higher heat
generation per unit area. Thus, while increased processing
throughput may be achieved by increasing logic density,
new and innovative techniques may be desirable to contend
with the resultant thermal issues.

Prior art thermal and/or power control apparatuses are
typically driven by one or both of two concerns. The first
concern is device or system temperature. An electronic
device typically has a particular maximum operating
temperature, above which damage to the device may occur.
Some power consumption limiting techniques aim to pre-
vent electronic devices from surpassing their maximum
operating temperature. Reduction of power consumption by
reducing operating frequency, operating voltage, or other-
wise reducing processing is often done in response to an
elevating or elevated temperature (see, e.g., U.S. Pat. No.
5,838,578, “Method and apparatus for programmable ther-
mal sensor for an integrated circuit”). Thus, the typical
response is to lower the overall processing level when the
temperature is perceived as being too high. Clearly,
however, performance may be negatively impacted when the
overall processing level is reduced.

A second concern is simply the amount of power being
consumed. Often, the design of portable devices is to a large
extent driven by battery life. To improve battery life, aggres-
sive power consumption limiting techniques are often
employed. These power saving techniques are often trig-
gered by the amount of processing occurring (with aggres-
sive cutbacks upon signs of idle hardware), user selections,
the removal of an A/C power source, etc. Again, the typical
response is to reduce the overall level of processing or the
overall set of enabled hardware by shutting down any idle
portions. Here too, the reduction in overall processing
obviously can impact performance. Techniques that attempt
to power down only idle hardware may impact performance
because there may be some latency associated with restart-
ing the hardware or bringing it back up to speed.

Thus, most power consumption control techniques focus
on idling existing hardware when not in use or simply
reducing the overall throughput or processing level (via
voltage, frequency, etc.) to control overall temperature. As
power consumption continues to increase in importance as a
design consideration, novel techniques to contend with
power consumption are desirable.

BRIEF DESCRIPTION OF THE FIGURES

The present invention is illustrated by way of example
and not limitation in the Figures of the accompanying
drawings.
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FIG. 1 illustrates one embodiment of a processing appa-
ratus or system having a number of individual processing
units among which processes may be swapped under control
of a thermal or power monitor.

FIG. 2 illustrates one embodiment of a dual core proces-
sor and an associated monitoring module.

FIG. 3 is a flow diagram of one embodiment of monitor-
ing including an exchange operation.

FIG. 4 is a flow diagram of one embodiment of monitor-
ing including a move operation.

FIG. § is a first portion of a flow diagram of one
embodiment of a monitoring sequence.

FIG. 6 illustrates a second portion of the flow diagram of
FIG. 5.

FIG. 7 illustrates one embodiment of a multi-core pro-
Cessor system.

DETAILED DESCRIPTION

The following description discusses the distribution of
processing activity across processing hardware based on
power consumption and/or thermal considerations. In the
following description, numerous specific details such as
logic implementations, system types, processing logic types,
and logic partitioning/integration choices are set forth in
order to provide a more thorough understanding of the
present invention. It will be appreciated, however, by one
skilled in the art that the invention may be practiced without
such specific details. In other instances, control structures
and gate level circuits have not been shown in detail in order
not to obscure the invention. Those of ordinary skill in the
art, with the included descriptions, will be able to implement
appropriate logic circuits without undue experimentation.
While one embodiment is directed to a microprocessor with
multiple cores, the techniques described may more generally
be applied to other types of electronic components or across
several components.

Various disclosed embodiments re-distribute processing
tasks, threads, or computations to different portions of
hardware based on power consumption and/or thermal con-
siderations. For example, in one embodiment, processes
may be switched between different cores of a multi-core
processor. Some embodiments may advantageously spread
high power consumption tasks or processes between differ-
ent processing units. Such spreading or distribution of
processes over different hardware may beneficially reduce
the peak temperature that is reached by a processing unit.
Since some hardware components operate more efficiently at
cooler temperatures, more efficient operation (and hence less
overall power consumption) may be achieved via the result-
ing lower overall temperatures in some embodiments.
Moreover, in some embodiments, such advantages may be
obtained while substantially maintaining performance levels
because “hot” and “cool” processes may be swapped
between particular hardware units, without necessarily
requiring the idling of hardware to achieve some cooling.
Additionally, in some embodiments, monitoring techniques
may allow independent control of the voltages and opera-
tional frequencies of different processing units or cores.

FIG. 1 illustrates one embodiment of a processing appa-
ratus having a number of individual processing units
between which processes may be swapped under control of
a thermal or power monitor. As used herein, “swapping”
processes between processing units refers not only to an
exchange between two processing units, but any rearrange-
ment of the processes so that at least one process is moved
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to a different processing unit. In the embodiment of FIG. 1,
N processing units, processing unit 100-1, 100-2 through
100-N are coupled to a monitor 110. The monitor 110 is a
thermal and/or power monitoring unit that monitors the
power consumption and/or temperature of the processing
units 100-1 through 100-N. In general, the monitor 110
orchestrates process shifting between processing units in
order to manage power consumption and particularly ther-
mal concerns.

Each processing unit provides a monitor value that typi-
cally reflects power consumption and/or temperature infor-
mation to the monitor 110 via signals such as Power Con-
sumption (PC) lines PC-1 through PC-N. The monitor value
may take a variety of forms and may be a variety of different
types of information. For example, the monitor value may
simply be an analog or digital reading of the temperature of
each processing unit. Alternatively, the monitor value may
be a simple or complex activity factor that reflects the
operational activity of a particular processing unit. In some
embodiments, power consumption information reflected by
the monitor value may include a measured current level or
other indication of how much power is being consumed by
the processing unit. Additionally, some embodiments may
convey power consumption information to the monitor 110
that is a composite of several of these or other types of
known or otherwise available means of measuring or esti-
mating power consumption. Accordingly, some power con-
sumption metric which reflects one or more of these or other
power consumption indicators may be derived. The trans-
mitted monitor value may reflect a temperature or a power
consumption metric, which itself may factor in a tempera-
ture. Serial, parallel, and/or various known or otherwise
available protocols may be used to transmit this information
to the power monitor.

The monitor 110 receives the power consumption infor-
mation from the various processing units and analyzes
whether power consumption between the units is sufficiently
uneven to justify the overhead of re-allocating processes to
different processing units. For example, the monitor may be
triggered to rearrange processes when a particular process-
ing unit reaches a certain temperature, when a selected
temperature differential is achieved between different pro-
cessing units, when power consumption has been at a
selected level for a selected amount of time, etc. The monitor
110 may develop a total power consumption metric to
indicate the total power consumption or total thermal state of
all processing units to effectuate the various power control
strategies. The monitor 110 may be a hardware component,
a software component, routine, or module, or a combination
of hardware and software.

The monitor communicates to the processing units via
Thread or Process Swap Control (SC) lines SC-1 through
SC-N. The monitor is capable of moving and exchanging
processes by sending commands via the SC lines. Thus,
processes can be swapped between processing units, rotated
between processing units, etc., in response to the particular
chosen thermal or power consumption metric being reached.
Alternatively, or in addition to power consumption metric
triggered process management, process rotation between
processing units may be periodically performed to level the
load between the processors.

Many different types of processing devices could benefit
from the use of such process re-allocation techniques. For
example, the processing units 100-1 through 100-N may be
general purpose processors (€.g., MiCroprocessors) or may
be microprocessor cores for a multiple core (on a single die)
microprocessor. Alternatively, digital signal processors,
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graphics processors, network processors, or any type of
special purpose processor that may be used in a system with
multiple parallel units or cores may benefit from thermally
(or power) motivated process shifting between processing
units. The processing units or processors may be identical or
have at least partial functional overlap. That is, each pro-
cessing unit has some common set of instructions or com-
mands such that there are at least some (if not all) processes
that can be executed on more than one processing unit or
Processor.

FIG. 2 illustrates one embodiment that may be useful for
general purpose microprocessors. In particular, in the
embodiment of FIG. 2, power consumption or thermally
motivated process swapping can be performed in the context
of a dual core processor 200 on single integrated circuit.
Additionally, in the embodiment of FIG. 2, a shared cache
225 (e.g., a shared L2 or L3 cache) may be useful in
facilitating swapping between a first core 205 and a second
core 245. The shared cache 225 can store first and second
sets of state variables (state 1 230 and state 2 235) to allow
swapping state between the two cores without needing to
rely on slower external memory. Specific microcode rou-
tines or other logic may be used to store state information
only in the cache 225 and not in external memory in order
to reduce the overhead associated with swapping processes.
The state variables may be stored in dedicated portions of
the cache or may be stored in general purpose cache
memory, with other data being evicted if necessary to make
room for the appropriate state information.

In the embodiment of FIG. 2, a power monitor 260
receives information from both cores to allow analysis of
power consumption and/or temperature for each specific
core as well as the overall processor. In particular, in the
embodiment of FIG. 2, the core 205 includes a thermal
sensor 210. The power monitor 260 is coupled to receive
data from the thermal sensor 210. Likewise, the core 245
includes a thermal sensor 250, which provides information
about the thermal state of the second core 245 to the power
monitor 260. Typically, integrated circuit thermal sensors
located in the vicinity of or within the particular core may be
used to provide a relatively accurate assessment of the
thermal state of that core. A set of thermal sensors may also
be spread over an area to provide a more accurate reading.

Various thermal sensors are known in the art and the
particular technique used is not particularly germane to the
present invention. Moreover, known substitutes for measur-
ing temperature or power consumption may be used. For
example, basic measurements of activity level, current
received, etc., may also provide a power consumption metric
adequate for the power monitor 260 to make process swap-
ping decisions.

The power monitor 260 of this embodiment includes
various modules, including a move module 280, a sum
module 275, a shutdown module 270, and an exchange
module 265. The power monitor 260 and/or each module
may be entirely hardware (perhaps including microcode)
and therefore built in to the dual core processor 200, or may
rely on additional external software, firmware, or configu-
ration settings to control or assist with tracking and migra-
tion of processes from one core to the other.

The exchange module 265 is capable of performing an
exchange operation between the two cores. One embodi-
ment of a monitoring sequence including an exchange
operation is shown in FIG. 3. In block 300, the current power
(CP) is sensed for the two cores (e.g., cores 205 and 245).
As previously discussed, the current power measurement

Qualcomm Ex. 1044 - 10/14



US 6,804,632 B2

5

may include a variety of power consumption metrics, typi-
cally metrics averaged, integrated, or otherwise calculated
over time. The current power consumption of the two
processors is compared, as indicated in block 310. While
block 310 indicates a test of whether CP(0)>>CP(1), the
converse test of whether CP(1)>>CP(0) would typically also
be performed, as may comparisons between numerous pro-
cessing units in embodiments with more than two processing
units. If there is a large discrepancy between the two power
consumption values, it may be desirable (though not
required, depending on the metric used) to wait until a
particular time elapses as indicated in block 320. If there is
not a large discrepancy between the two, the procedure may
return to sensing the current power consumption in block
300.

When the power monitor 260 detects that the power
consumed by one core is very high compared to the second
core over some period of time in block 320, the power
monitor 260 exchanges (blocks 330 and 340) the location of
the running processes. In some embodiments, such an
exchange may help to avoid hot spots. For example, the first
core 205 may be running process A and the second core 245
running process B. Since the core 205 reaches a significantly
higher temperature over a period of time, process A is
deemed to be a “hotter” process than process B.
Accordingly, the overall distribution of the power consump-
tion of the entire die could be improved by moving process
A to the second core 245 and the process B to the first core
205 for some time to equalize the core temperatures. In some
embodiments, swapping may be of larger concern when one
processing unit exceeds some threshold level of power
consumption. For example, swapping may be limited to
times when CP1 is greater than a particular threshold and
CP1 is much greater than CP0. Such an embodiment avoids
the overhead of process swapping when the overall power
consumption is not high enough to justify such process
swapping.

As indicated in block 330, in response to the detection of
the substantial core power consumption imbalance in block
330, each processor is signaled to save its state. In one
embodiment, the power monitor 260 generates a trap or an
interrupt. In many general purpose processors, traps or
interrupts are already designed to allow the processor to save
its context for later resumption. Thus, an existing trap or
interrupt routine or a special purpose trap or interrupt routine
may be used to force the core to save its state in a manner
similar to other known state saving operations used to
accommodate disruptive events without losing information.
Alternatively, portions of existing microcode routines or
modified routines for traps may be utilized. As previously
mentioned, in some embodiments it may be advantageous to
use the shared cache 225 to perform on-die exchanges
between two cores of a multi-core processor. Thus, state 230
for process A and state 235 for process B may be stored in
the cache 225.

As indicated in block 340, after each processor has saved
its state, each processor resumes using the state saved by the
other processor. Thus, core 205 resumes process B by
restoring state 235 instead of restoring the state it saved from
process A. Likewise, core 245 resumes process A by restor-
ing state 230. Various techniques may be used to ensure the
other state is restored. For example, a microcode routine
could be used to alter the location from which the processor
restores its state. Alternatively, the cache or other logic could
swap which state is returned to which processor. The process
swap may be done with operating system assistance in some
embodiments, but operating system assistance is not
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required, and some embodiments implement process swap-
ping without alerting the operating system and/or gaining
assistance from the operating system. Whatever particular
technique is chosen, the processes A and B resume execution
on a different core.

Another operation that may be performed by the power
monitor 260 is a shutdown operation, which is performed by
a shutdown module 270. The shutdown operation may be
performed either in response to a core reaching a failsafe
temperature threshold requiring shutdown to avoid damage
or failure or because the core is idle. In either case, the core
is shut down. In some embodiments, shutdown may involve
saving the state of the core that is shut down. Additionally,
power may be removed from the power well of that core. For
example, as shown in FIG. 2, the core 205 may be in a power
well 215 that is separate from the power well 255 for the
core 245. Power may be shut off to just one of the power
wells.

FIG. 4 illustrates yet another sequence of monitoring
events, this one including a move operation orchestrated by
the move module 280. Only one processor may be active due
to a idleness (e.g., resulting in a shutdown) of the other
processor or for other reasons as indicated in block 400.
When only one processor is active, the move operation may
be used to spread the power more efficiently (e.g., for faster
cooling). As indicated in block 410, a time T2 elapses with
only one processor active. If T2 has not elapsed, the process
returns to block 410. If T2 has elapsed, then the process
continues with the state of the first processor being saved in
block 420. In block 430, the other processor is restarted from
the state of the processor that was active. The previously
active processor is then shut down, as indicated in block 440.
The process then beings again with the processors reversed.
Thus, periodically (e.g., every few milliseconds), the power
monitor wakes the sleeping or shutdown processor, moves
the context of the running processor to the previously
sleeping processor, and puts the previously running proces-
sor in a low-power sleep or shutdown state. As previously
mentioned with respect to FIG. 3, process swapping may be
limited in some embodiments to when the power consumed
exceeds a minimum threshold. The overhead of moving
processes itself not only impacts performance, but also
causes additional power consumption. Therefore, a mini-
mum threshold may be set to prevent moving of processes
when power consumption is at a relatively low level.

Another operation that may be performed by the power
monitor 260 is a sum operation, which is performed by a
sum module 275. The sum operation assists in assuring that
the total sum of power of all processing units controlled by
a power monitor falls within a desired power envelope. If the
power exceeds the prescribed limit, the power monitor in
response throttles processing (e.g., decrease voltage and/or
frequency of some of the cores).

Additionally, the sum module 275 ensures that processing
throughput is increased to the extent possible given the
desired thermal envelope. Thus, the sum module may also
detect when the total power consumption falls below a
certain level. Voltages or frequencies to one or both of the
cores may be ratcheted up in order to improve performance
when the sum module detects that overall power consump-
tion is below a selected power consumption metric.

The flow diagram of FIGS. 5 and 6 illustrates a monitor-
ing sequence for one embodiment when multiple processing
units are active. The sequence of FIGS. 5 and 6 includes
exchanges and increasing or decreasing processing in
response to summing operations. Notably, as with other flow
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diagrams, the operations illustrated are not necessarily per-
formed sequentially or if they are performed sequentially,
they are not necessarily performed in the illustrated order in
all cases. In the illustrated embodiment, exchanges are
performed as needed, as indicated in block 500. Thus, high
and low power processes are swapped between processing
units in order to even out the physical distribution of the
power consumption. Additionally, as indicated in block 510,
the sum of total power consumed by both cores is calculated
(e.g., by the sum module).

The sum total is compared to the desired power envelope
for the system or the processor itself. One of skill in the art
determines a power or thermal envelope for a part depending
on the thermal characteristics of the materials used to build
that part, the system environments in which that part is used,
the desired performance, and other factors. Similarly, a
power or thermal envelope for the system may be deter-
mined. In block 520, whether the sum total of power
consumption is too high is tested. If the sum total of power
consumption is not too high, then the process begins again
at block 500. If the sum total of power consumption is too
high, then operations are throttled as indicated in block 530
and as previously described with respect to the sum module.
If not, then the process returns to block 500.

In block 540, whether the sum total of power consumption
is too low is tested. If not, then the process begins again at
block 500. If the sum total of power consumption is too low
given the desired system power or thermal envelope, then
the process continues with block 600 in FIG. 6. In block 600,
whether both processors are active and the power is still too
low is tested. If both processors are active, then voltage
and/or frequency to both processors may be increased as
indicated in block 610. For example, in the embodiment of
FIG. 2, the voltage level to the two power wells may be
increased and/or a clock frequency for each core 205 and
245 may be increased. In another embodiment, the voltage
or frequency of one of the two processors may be favored
over the other. For example, the operating system may
provide control settings indicating which processor or pro-
cess to favor if additional processing power is available.
Alternatively, the processor may develop an indication of
which processor or process tends to consume more power
over time, and may favor that process with additional power,
should the present level of processing only put the processor
at the low or safe end of its thermal envelope. Whether the
executing processes would benefit from additional process-
ing power may also be considered in some embodiments.
Thus, in some embodiments, no adjustments are made
despite being at the low end of a thermal envelope if the
executing processes are progressing adequately.

If both processors are not active and the power too low in
block 600, then whether a first one of the processors is
inactive is tested in block 620. If so, then the voltage and/or
frequency to the other processor may be increased, as
indicated in block 630. On the other hand, if the first
processor is not inactive, then block 640 tests whether the
second processor is inactive. If so, the voltage and/or
frequency to the first processor may be increased in block
650.

Accordingly, when a processor is operating at the low end
of its thermal envelope, the processing of either or both
cores may be increased appropriately. Moreover, such tech-
niques can of course be applied to any of a variety of
processing units as previously discussed. Processing may be
shifted about between units, cores, circuits, modules, etc., to
more evenly distribute heat generation across these various
components and/or to increase the amount of processing that
can be performed given a thermal or power envelope.
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Finally, the power monitor 260 may include a battery
mode optimization module (not shown). The battery mode
optimization module may allow the dual core processor to
only operate one of the two cores when operating on battery
power (or when battery power falls below a selected
threshold). Once the system is connected to alternating
current power (or the battery is recharged), both cores may
be operated for higher performance.

FIG. 7 illustrates one embodiment of a multi-core pro-
cessor system using operating system routines to assist in
managing thermal concerns. The embodiment of FIG. 7
includes monitoring logic 720 as a part of a dual core
processor 700. The dual core processor includes a first
processor 705 and a second processor 715. A shared cache
710 physically separates the two processors 705 and 715.
Thus, the shared cache provides some thermal isolation
between the two cores.

The processor 700 is coupled to a memory interface 725,
which is coupled to a memory 750 and a media interface
790. Other known or otherwise available system arrange-
ments may be used as will be appreciated by one of skill in
the art. The memory 750 includes an operating system 755
which includes a power monitor routine such as an appli-
cation programming interface (API) and a scheduler. In this
embodiment, the OS provides a power monitor API in order
to acquire information about the computational intensity or
the likely power consumption of particular processes to the
operating system. Information about the computational
intensity of a program may be provided by the program
itself, by a user, or derived from execution of the program.
With this information, the operating system scheduler can
avoid scheduling multiple high power applications on one
processor. Rather, the operating system can assist in leveling
the distribution of the power consumption by scheduling
high power processes on different processors.

Additionally, the operating system (or other routines in
memory) may provide some or all of the power monitor
functionality. As indicated in FIG. 7, the processor commu-
nicates on-die estimated process power to the operating
system or other software. The software can then determine
when it would be desirable to move, swap, etc., processes as
previously described. Moreover, software may be respon-
sible for summing and other operations. Furthermore, soft-
ware estimation techniques may be used instead of on-die
sensors or estimation logic.

The appropriate software to perform these various func-
tions may be provided in any of a variety of machine
readable mediums. The media interface 790 provides an
interface to such software. The media interface 790 may be
an interface to a storage medium (e.g., a disk drive, an
optical drive, a tape drive, a volatile memory, a non-volatile
memory, or the like) or to a transmission medium (e.g., a
network interface or other digital or analog communications
interface). The media interface 790 may read software
routines from a medium (e.g., storage medium 792 or
transmission medium 795). Machine readable mediums are
any mediums that can store, at least temporarily, information
for reading by a machine interface. This may include signal
transmissions (via wire, optics, or air as the medium) and/or
physical storage media 792 such as various types of disk and
memory storage devices. In any case, the power monitoring
functionality may in some cases be provided wholly or in
part by software routines.

Thus, a method and apparatus for distribution of process-
ing activity across processing hardware based on power
consumption and/or thermal considerations are disclosed.
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While certain exemplary embodiments have been described
and shown in the accompanying drawings, it is to be
understood that such embodiments are merely illustrative of
and not restrictive on the broad invention, and that this
invention not be limited to the specific constructions and
arrangements shown and described, since various other
modifications may occur to those ordinarily skilled in the art
upon studying this disclosure.

What is claimed is:

1. An apparatus comprising:

a plurality of processing units;

amonitor to obtain a plurality of monitor values from said
plurality of processing units, wherein said monitor is to
transfer a process from a first processing unit of said
plurality of processing units to a second processing unit
of said plurality of processing units in response to said
plurality of monitor values.

2. The apparatus of claim 1 wherein said monitor is to
transfer the process from the first processing unit to the
second processing unit in response to a first one of said
plurality of monitor values being greater than a second one
of said plurality of monitor values over a period of time.

3. The apparatus of claim 2 wherein said monitor obtains
a monitor value by at least one of the set consisting of:

receiving a temperature indicator;

estimating an activity level;

receiving a power consumption estimate.

4. The apparatus of claim 1 wherein each of said pluraltiy
of processing units is one of a set consisting of:

a core of a multi-core microprocessor;

an execution unit of a microprocessor.

5. The apparatus of claim 1 wherein said monitor is
further to increase and decrease a voltage level depending on
a total power consumption or temperature level of said
plurality of processing units.

6. The apparatus of claim 1 wherein said monitor com-
prises:

an exchange module to exchange processes between ones
of said plurality of processing units.

7. The apparatus of claim 1 wherein said monitor com-

prises:

a move module to move one process from one of said
plurality of processing units to another one of said
plurality of processing units that is idle.

8. The apparatus of claim 6 wherein said monitor further

comprises:

a move module to move one process from one of said
plurality of processing units to another one of said
plurality of processing units that is idle;

asum module to throttle processing of one or more of said
plurality of processing units if a sum total of power
consumption of said plurality of processing units
exceeds a selected total power consumption metric;

a shutdown module to shut down one or more of said
plurality of processing units in a low power mode.

9. The apparatus of claim 1 further comprising:

a cache coupled to said plurality of processing units,
wherein said monitor is to swap processes between said
first processing unit and said second processing unit by
saving a first plurality of state variables from said first
processing unit in said cache and saving a second
plurality of state variables from said second processing
unit in said cache and restoring said second plurality of
state variables to said first processing unit from said
cache and restoring said first plurality of state variables
to said second processing unit from said cache.
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10. The apparatus of claim 9 wherein said cache, said first
processing unit, and said second processing unit are inte-
grated on a single integrated circuit die, and wherein said
cache is physically positioned between said first processing
unit and said second processing unit.

11. The apparatus of claim 1 wherein said first processing
unit and said second processing unit are coupled to receive
power from different power wells and are capable of being
independently operated at different voltages and frequencies
under control of the monitor.

12. A multi-core processor comprising:

a first core having first instruction fetch and execute logic
and a plurality of first core state variables;

a second core having second instruction fetch and execute
logic and a plurality of second core state variables;

a cache that is accessible to both said first core and said
second core for read and write accesses;

a monitor to monitor temperature and/or power consump-
tion of said first core and said second core, and, in
response to a selected metric being reached by one of
said first core and said second core, to trigger storage
of said plurality of first core state variables and said
plurality of second core state variables in said cache
and restoring of said plurality of second core state
variables to said first core and restoring of said plurality
of first core state variables to said second core.

13. The multi-core processor of claim 12 wherein said
first core and said second core are coupled to independently
controllable power supplies which are controllable by said
monitor.

14. The multi-core processor of claim 13 wherein said
first core and said second core are independently operable at
different frequencies under control of said monitor.

15. The multi-core processor of claim 14 wherein said
selected metric comprises at least one of the set consisting
of:

a level of processing activity;

a temperature level.

16. A system comprising:

a plurality of processing units, each processing unit to
track its power consumption, and to support a process
move procedure;

a monitor to receive monitor information from each of
said plurality of processing units and to re-allocate
processes to different ones of said plurality of process-
ing units in response to the monitor information
received from the plurality of processing units;

a memory coupled to said plurality of processing units to
store instructions for execution by said plurality of
processing units.

17. The system of claim 16 wherein said monitor com-

prises:

a power-aware scheduler to schedule tasks for specific
ones of said plurality of processing units in response to
said monitor information received from said plurality
of processing units.

18. The system of claim 17 wherein said power-aware

scheduler is chosen from the set consisting of:

an operating system scheduler that is stored in said
memory during operation;

a hardware scheduler.

19. The system of claim 16 wherein said monitor com-

prises:

an exchange module to exchange processes between ones
of said plurality of processing units;
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a move module to move one process from one of said
plurality of processing units to another one of said
plurality of processing units that is idle;

asum module to throttle processing of one or more of said
plurality of processing units if a sum total of power
consumption of said plurality of processing units
exceeds a selected total power consumption metric;

a shutdown module to shut down one or more of said
plurality of processing units in a low power mode.
20. A method comprising:

monitoring power consumption of a plurality of process-
ing units;

swapping processes between said plurality of processing
units in response to monitoring power consumption of
said plurality of processing units.

21. The method of claim 20 wherein swapping comprises:

exchanging processor state data via a cache memory.
22. The method of claim 20 further comprising:

moving a process from a first one of said plurality of
processing units to an idle one of said plurality of
processing units in response to monitoring power con-
sumption of said plurality of processing units.

23. The method of claim 21 further comprising:

reducing power consumption of one or more of said
plurality of processing units in response to a sum of
power consumed exceeding a selected total power
consumption metric;

increasing power consumption of said plurality of pro-
cessing units in response to the sum of power con-
sumed being less than a second selected total power
consumption metric.

24. The method of claim 23 further comprising:

periodically rearranging processes among said plurality of
processing units.
25. The method of claim 20 further comprising:

independently controlling voltages and frequencies for
said plurality of processing units in response to moni-
toring power consumption of the plurality of processing
units.

26. An apparatus comprising:

a plurality of processing units;

a module to periodically transfer processes from a first
processing unit from said plurality of processing units
to a second processing unit from said plurality of
processing units.

27. The apparatus of claim 26 further comprising a
thermal monitor to independently control voltage levels of
said plurality of processing units in response to a plurality of
temperature levels of said plurality of processing units.

28. The apparatus of claim 27 wherein said thermal
monitor is also to independently control clock frequencies
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for said plurality of processing units in response to said
plurality of temperature levels.

29. An article comprising a machine readable medium
storing a plurality of instructions which, if executed by a
machine, cause the machine to perform operations compris-
ing:

monitoring power consumption and/or thermal levels of a

plurality of processing units;

swapping processes between said plurality of processing

units in response to monitoring power consumption of
said plurality of processing units.

30. The article of claim 29 wherein swapping comprises:

exchanging processor state data via a cache memory.
31. The article of claim 29 wherein said operations further
comprise:
moving a process from a first one of said plurality of
processing units to an idle one of said plurality of
processing units in response to monitoring the power
consumption of said plurality of processing units.
32. The article of claim 30 wherein said operations further
comprise:
reducing power consumption of one or more of said
plurality of processing units in response to a sum of
power consumed exceeding a selected total power
consumption metric;
increasing power consumption of said plurality of pro-
cessing units in response to the sum of power con-
sumed being less than a second selected total power
consumption metric.
33. The article of claim 32 wherein said operations further
comprise:
periodically rearranging processes among said plurality of
processing units.
34. The article of claim 29 wherein said operations further
comprise:
independently controlling voltages and frequencies for
said plurality of processing units.
35. A method comprising:
monitoring temperature levels of a plurality of processing
units;
swapping processes between said plurality of processing
units in response to monitoring temperature levels of
said plurality of processing units.
36. The method of claim 35 wherein swapping comprises:
exchanging processor state data via a cache memory.
37. The method of claim 35 further comprising:
periodically rearranging processes among said plurality of
processing units.
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