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(57) Abstract: Some implementations provide techniques and arrangements to migrate threads from afirst core of a processor to a
second core of the processor. For example, some implementations may identify one or more threads scheduled for execution at apro -
cessor. The processor may include a plurality of cores, including afirst core having a first characteristic and a second core have a
second characteristic that is different than the first characteristic. Execution of the one or more threads by the first core may be initi -
ated. A determination may be made whether to apply a migration policy. In response to determining to apply the migration policy,
migration of the one or more threads from the first core to the second core may be initiated.
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MIGRATING THREADS BETWEEN ASYMMETRIC CORES IN A MULTIPLE CORE

PROCESSOR

TECHNICAL FIELD

[0001] Some embodiments of the invention generally relate to the operation of processors.
More particularly, some embodiments of the invention relate to migrating threads between

assmetric cores in amultiple core processor.

BACKGROUND
[0002] A processor may have multiple cores ("multicore’) in which each core has similar
characteristics to the other cores. For example, each of the multiple cores may be capable of
executing the same set of instructions, may operate a asimilar or same clock frequency, may
consume a similar amount of power, and the like. This type of multicore processor may be
referred to as a symmetric processor. A symmetric multicore processor may be useful for
distributing multiple threads amongst the multiple cores. However, the symmtric multicore
processor may be constrained by the characteristics associated with each of the multiple

cores, such asthe clock frequency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The detailed description is set forth with reference to the accompanying drawing
figures. In the figures, the left-most digit(s) of a reference number identifies the figure in
which the reference number first appears. The use of the same reference numbers in different
figures indicates similar or identical items or features.
[0004] FIG. 1 illustrates an example framework to enable migrating threads in an
asymmetric multiple core processor based on a migration policy according to some
implementations .
[0005] FIG. 2 illustrates an example framework to enable migrating threads in an
asymmetric multiple core processor based on a core characteristics identifier according to
some implementations.
[0006] FIG. 3illustrates afirst example of a framework for migrating threads according to

some implementations.



WO 2013/101032 PCT/US2011/067778

[0007] FIG. 4 illustrates a second example of aframework for migrating threads according
to some implementations.

[0008] FIG. 5 illustrates a flow diagram of an example process for migrating threads
according to some implementations.

[0009] FIG. 6illustrates a flow diagram of an example process for migrating threads based
on amigration policy according to some implementations.

[0010] FIG. 7 illustrates a flow diagram of an example process for migrating threads based
on an instruction set according to some implementations.

[0011] FIG. 8illustrates an example framework that includes an asymmetric multiple core

processor according to some implementations

DETAILED DESCRIPTION

[0012] The technologies described herein generally relate to a processor with asymmetric
multiple cores. The processor is asymmetric because one or more cores of the multiple cores
of the processor have a least one characteristic that is different from the other cores of the
processor. For example, the one or more cores may differ from the other cores based on an
operating freguency, a power usage, athermal characteristic, an instruction set, another core
characteristic, or any combination thereof. To illustrate, the one or more cores may be
capable of operating a afaster clock speed than the other cores. As another illustration, the
one or more cores may be capable of executing at least one multimedia instruction that the
other cores are incapable of executing. A processor with multiple asymmetric cores may also
be referred to as a heterogeneous processor.

[0013]  The processor may include migration policies that identify conditions that, when
satisfied, cause the processor to migrate threads from one core of a processor to another core
of the processor. A thread is the smallest unit of processing that an operating system may
schedule for execution on a core. For example, the processor may identify that threads
scheduled for execution by afirst core operating at afirst frequency may be executed faster a
a second core that is operating a a second frequency that is faster than the first frequency.
Based on a particular policy, the processor may then migrate the one or more threads from
the first core to the second core.

[0014] To illustrate, a processor in a mobile device, such as a wireless phone or tablet
computing device, may include at least a first core and a second core. Compared to the
second core, the first core may run at a different (e.g., slower) operating frequency, have a

different (e.g., smaller) instruction set, have a different (e.g., lower) throughput, have a
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different (e.g., lower) power usage, or any combination thereof. The processor may schedule
threads for execution by the first core to reduce power usage and thereby prolong battery life.
The processor may determine that the threads scheduled for execution by the first core
include particular instructions that are not supported by the first core or that the second core
would execute faster than the first core. In response to the determination, the processor may
migrate the threads from the first core to the second core. In some instances, after the
particular instructions have been executed by the second core, the processor may migrate the
threads from the second core to the first core to reduce power usage.

[0015] An asymmetric processor may be designed with more than two cores. For example,
in some implementations, the asymmetric processor may include multiple cores of afirst type
(e.g., low power usage cores) and fewer cores of a second type of core (e.g., a single high
performance, higher power usage core). In these types of implementations, the processor
may use the multiple cores of the first type for multitasking threads (e.g., load balancing
threads that can execute in paralel) and migrate particular threads to the second type of core
when the particular threads include instructions that are unsupported or that can be executed
substantially faster by the second type of core. Other implementations may include multiple
cores of afirst type (e.g., low power usage cores), fewer cores of a second type (e.g., asingle
high performance, higher power usage, genera purpose core), and fewer cores of athird type
(e.g., a single high performance special purpose core, such as a multimedia core). In these
types of implementations, the processor may use the multiple cores of the first type for
multitasking threads and may migrate particular threads to the second type of core when the
particular threads include instructions that can execute substantialy faster by the second type
of core and may migrate particular threads to the third type of core when the particular
threads include instructions (e.g., multimedia instructions) that can be executed by the third
type of core but not by the first and second type of core.

[0016] Thus, an asymmetric processor with at least two different types of cores may offer
numerous advantages over a symmetric processor. For example, the asymmetric processor
may use less power than a symmetric processor with identical cores that are higher power
usage and higher performance cores but may provide better performance than a symmetric
processor with identical cores that are lower power usage and lower performance cores.
[0017] FIG. 1illustrates an example framework 100 to enable migrating threads in an
asymmetric multiple core processor based on a migration policy according to some
implementations. The framework 100 includes a processor 102 with multiple asymmetric

cores, such as afirst core 104 and a second 106. The first core 104 may have an associated
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set of first characteristics 108. The second core 106 may have an associated set of second
characteristics 110. The first set of characteristics 108 may include one or more
characteristics, such as a first operating frequency 112, a first throughput 114 (e.g., an
average number of instructions executed per second), a first power usage 116, first thermal
characteristics 118, a first instruction set 120, another characteristic associated with the first
core 102, or any combination thereof. The second set of characteristics 110 may include one
or more characteristics, such as a second operating frequency 122, a second throughput 124
(e.g., an average number of instructions executed per second), a second power usage 126,
second thermal characteristics 128, a second instruction set 130, another characteristic
associated with the second core 104, or any combination thereof.

[0018] The operating frequency 112 or 122 may identify aminimum operating frequency, a
maximum operating frequency, a range of operating frequencies, another operating
frequency-related characteristic associated with a core, or any combination thereof. The
power usage 116 may identify an amount of electrical power that the core 104 isutilizing a a
particular point in time and the power usage 126 may identify an amount of electrical power
that the core 106 is utilizing at aparticular point intime. The therma characteristic 118 may
identify a core temperature of the core 104 at a particular time and the thermal characteristic
128 may identify acore temperature of the core 106 at a particular time.

[0019] The first instruction set 120 may include instructions to perform various functions,
such as reading data, modifying data, writing data, and the like. The second instruction set
130 may include at least one particular instruction (e.g., a multimedia instruction) that the
second core 106 is capable of executing but that the first core 104 isincapable of executing.
The multimedia instruction may include an audio-related instruction, a video-related
instruction, another type of multimediarelated instruction, or any combination thereof. In
some instances, the second instruction set 130 may be a superset of the first instruction set
120, e.g., the second instruction set 130 may include all the instructions in the first instruction
set 120 and at least one instruction that isnot in the first instruction set 120. For example, the
second core 106 may have an expanded instruction set as compared to the first core 104. In
some cases, the second instruction set 130 may be completely different from the first
instruction set 120, e.g., the instructions in the second instruction set 130 may exclude all the
instructions from the first instructions set 120. For example, the second core 106 may be a
specialized processor with a specialized instruction set, such as a graphics processor, a
multimedia processor, a mathematics processor (e.g., to perform floating point operations),

another type of specialized processor, or any combination thereof.
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[0020] A memory 132 may be accessible to the processor 102. The memory 132 may be
integrated with the processor 102 (e.g., on the same chip as the processor 102), the memory
132 may be physically distinct from the processor 102, or a combination of both (e.g., afirst
portion of the memory 132 may be integrated with the processor 102 while a second portion
of the memory 132 may be physically distinct from the processor 102). The memory 132
may be used to store migration policies 134, such as a first migration policy 136 or a second
migration policy 138. The memory 132 may be used to store thresholds 140, such as an
operating frequency threshold 142, athermal threshold 144, or athroughput threshold 146.
[0021] In operation, the migration policies 134 and/or the thresholds 140 may identify
conditions that, when satisfied, cause the processor 102 to perform various actions. For
example, an operating system 148 that includes a scheduler 150 may schedule one or more
threads 152 for execution a the first core 104. The threads 152 may include one or more
instructions 154. The processor 102 may periodically (e.g., at predetermined time intervals)
monitor one or more of the first characteristics 108 associated with the first core 104 and/or
one or more of the second characteristics 110 associated with the second core 106. The core
processor 102 may identify particular conditions based on the threads 152, the first
characteristics 108 associated with the core 104, the second characteristics 110 associated
with the second core 106, or any combination thereof. For example, the core processor 102
may determine whether the first core 104 is capable of executing the instructions 154,
determine a core temperature of the first core 104, and other characteristics of the cores 104
or 106. The processor 102 may determine whether to apply one of the migration policies 132
based on the particular conditions. For example, the processor 102 may determine to apply
the first migration policy 136 based at least partialy on the particular conditions and may
migrate 156 (e.g., initiate migration) the threads 152 from one core (e.g., the first core 104) to
another core (e.g., the second core 106) in the processor 102.

[0022] In some cases, one of the migration policies 134 may instruct the processor 102 to
migrate 156 the threads in response to determining that the first thermal characteristic 118
associated with the first core 104 satisfies the thermal threshold 144 and the second thermal
characteristic 128 associated with the second core 106 does not satisfy the thermal threshold
144. For example, executing the threads 152 at the first core 104 may cause the first thermal
characteristic 118, such as a temperature associated with the first core 104, to change. To
illustrate, the instructions 154 may include computationally intensive instructions that cause
the temperature of the first core 104 to increase to near a maximum operational temperature

of the first core 104. When the first thermal characteristic 118 satisfies the thermal threshold
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144 and the second thermal characteristic 128 does not satisfy the thermal threshold 144, the
processor 102 may apply the first migration policy 136. The first migration policy 136 may
instruct the processor 102 to migrate 156 the threads 152 from the first core 104 to the second
core 104. For example, the second core 104 may be capable of executing the
computationally intensive instructions without causing a significant change to the second
therma characteristic 128. After migrating the threads 152 to the second core 106, the
processor 102 may continue to periodically monitor the characteristics 108 and 110.

[0023] At alater point in time, the processor 102 may determine that the second migration
policy 138 applies. For example, the processor 102 may determine that the first thermal
characteristic 118 indicates that the temperature of the first core 104 has lowered and no
longer satisfies the temperature threshold 144. The processor 102 may also determine that
the threads 152, currently executed by the second core 106, do not include the
computationally intensive instructions (e.g., the second core 106 has completed executing the
computationally intensive instructions 154 of the threads 152). For example, the processor
102 may determine that one or more instruction pipelines of the second core 106 include only
non-computationally intensive instructions. The processor 102 may then determine that the
second migration policy 138 applies and migrate 158 the threads 152 from the second core
106 to another core (e.g., the first core 104). Thus, when the first thermal characteristic 118
of the first core 104 satisfy the thermal threshold 144 and/or the second thermal characteristic
128 does not satisfy the thermal threshold 114, the processor 102 may migrate 156 the
threads 152 from the first core 104 to the second core 106. Later, when the temperature of
the first core 104 does not satisfy the thermal threshold 144, the processor 102 may migrate
158 the threads 152 from the second core 106 to another core (e.g., the first core 104 or
another core with similar or identical characteristics). For example, the processor 102 may
migrate 158 the threads 152 to athird core that has characteristics similar or identical to the
first core 104. In addition, the threads 152 may later migrate to the first core 104, the second
core 106, or another core of the processor 102.

[0024] In some implementations, one of the migration policies 134 may cause the processor
to migrate 156 the threads 152 in response to determining that the first throughput
characteristic 114 associated with the first core 104 does not satisfy the throughput threshold
146 and the second throughput characteristic 124 associated with the second core 106
satisfies the throughput threshold 146. For example, the processor 102 may determine that
the first throughput 114 (e.g., a number of instructions executed per second) of the first core

104 is less than the second throughput 124 of the second core 106. The processor 102 may
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determine (e.g., based on examining an instruction pipeline of the first core 104) that the
instructions 154 are computationally intensive instructions that the second core 106 is capable
of executing faster than the first core 104. The processor 102 may then determine that the
first migration policy 136 applies. The first migration policy 136 may instruct the processor
102 to migrate 156 the threads 152 from the first core 104 to the second core 106 when
particular conditions are satisfied. For example, the first migration policy 136 may specify
that when the threads 152 are scheduled for execution a the first core 104 and include
computationally intensive instructions, and the second throughput 124 satisfies the
throughput threshold 146 but the first throughput 114 does not satisfy the throughput
threshold 146, the processor 102 may migrate 156 the threads 152 from the first core 104 to
the second core 106. After the computationally intensive instructions of the threads 152 have
been executed by the second core, the processor 102 may determine that the second migration
policy 138 applies. For example, the second migration policy 138 may specify that when the
threads 152 are scheduled for execution a the second core 106 and do not include
computationally intensive ingtructions, the processor 102 may migrate 158 the threads 152
from the second core 106 to another core (e.g., the first core 104 or another core with similar
or identical characteristics). Thus, when the second core 106 is capable of executing the
instructions 154 (e.g., when the instructions 154 include computationaly intensive
instructions) a a rate that satisfies the throughput threshold 146 and/or the first core 104 is
incapable of executing the instructions 154 a a rate that satisfies the throughput threshold
146, the processor 102 may migrate 156 the threads 152 from the first core 104 to the second
core 106. At a later point in time, after the second core 106 has completed executing the
instructions 154 of the threads 152, the processor 102 may migrate 158 the threads 152 from
the second core 106 to another core (e.g., the first core 104 or a third core with similar or
identical characteristics to the first core 104).

[0025] In some cases, one of the migration policies 134 may cause the processor to migrate
156 the threads 152 in response to determining that the first operating frequency 112
associated with the first core 104 does not satisfy the operating frequency threshold 142 and
the second operating frequency 122 associated with the second core 106 satisfies the
operating frequency threshold 142. For example, the threads 152 may specify that the
instructions 154 are to be executed at a particular frequency that satisfies the operating
frequency threshold 142. For example, the instructions 154 may cause multimedia content
(e.g., audio content and video content), such as areal-time video chat screen, to be displayed.

The scheduler 150 may schedule the threads 152 for execution by the first core 104. The
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processor 102 may determine that the first operating frequency 112 of the first core 104 does
not satisfy the operating frequency threshold 142 but that the second operating frequency 112
of the second core 106 satisfies the operating frequency threshold 142. The processor 102
may determine, based on one or more of the instructions 154, the first operating
frequency 112, the second operating frequency 122, and the operating frequency threshold
142, that the first migration policy 136 applies and migrate 156 the threads 152 from the first
core 104 to the second core 106. The processor 102 may continue to monitor the
characteristics 108 and 110. After the second core 106 has completed executing the
instructions 154, the processor 102 may determine that the second migration policy 138
applies (e.g., the threads 152 do not specify execution of the instructions 154 at the operating
frequency threshold 142) and migrate 158 the threads 152 from the second core 106 to
another core (e.g., the first core 104 or another core that is similar or equivalent to the first
core 104). For example, the processor 102 may migrate 158 the threads 152 to athird core
that has characteristics similar to the characteristics 108 associated with the first core 104.
[0026] In some instances, one of the migration policies 134 may cause the processor to
migrate 156 the threads 152 in response to determining that the first power usage
characteristic 116 associated with the first core 104 is greater than the second power usage
characteristic 126 associated with the second core 106. For example, the power usage
characteristic 116 of the first core 104 may be greater than the power usage characteristic 126
of the second core 106, and the processor 102 may determine that a power conservation
policy applies (e.g., the amount of battery life associated with a battery may satisfy a
particular threshold). To illustrate, the processor 102 may determine that the battery of a
portable computing device has less than ten percent power remaining. The processor 102
may migrate 156 the threads 152 from the first core 104 to the second core 106 to reduce the
power used to execute the threads 152.

[0027] At alater point intime, the processor 102 may migrate 158 the threads 152 from the
second core 106 to the first core 104. For example, after the migration, when the threads 152
are being executed by the second core 106, the processor 102 may determine that the power
conservation policy does not apply (e.g., the battery of the portable computing device isbeing
recharged), the instructions 154 include computationally intensive instructions, the
instructions 154 include an instruction that isin the first instruction set 120 but not in the
second instruction set 130), or combinations thereof. The processor 102 may then migrate
158 the threads 152 from the second core 106 to the first core 104. Thus, the processor 102
may migrate 156 the threads 152 from the first core 104 to the second core 106 when the first
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power usage 116 is greater than the second power usage 126 and apower conservation policy
(e.g., one of the migration policies 134) applies. At alater point in time, the processor 102
may migrate 158 the threads 152 from the second core 106 to another core (e.g., the first core
104 or another core with similar characteristics) in response to determining that the power
conservation policy no longer applies, another one of the migration policies 134 applies, or
both. For example, the processor 102 may migrate 158 the threads 152 to athird core that
has characteristics similar or identical to the first core 104.

[0028] One of the migration policies 134 may cause the processor to migrate 156 the
threads 152 in response to determining that the first instruction set 120 does not include a
particular instruction and the second instruction set 130 includes the particular instruction.
For example, the second core 106 may be capable of executing a least one instruction that
the first core 104 is incapable of executing. To illustrate, the second core 106 may be an
advanced and/or newer version of the first core 104 such that the second instruction set 130
may include the first instruction set 120 and at least one instruction that is not in the first
instruction set 120. As another illustration, the second core 106 may be capable of executing
specialized instructions, such as multimedia instructions, floating point instructions, and the
like. The scheduler 150 may schedule the threads 152 for execution by the first core 104.
The processor 102 may determine (e.g., by examining an instruction cache of the core 104)
that the first core 104 is incapable of executing one or more of the instructions 154 and that
the second core 106 is capable of executing the instructions 154. For example, the processor
102 may determine that a least one of the instructions 154 is excluded from the first
instruction set 120 associated with the first core 104 and is included in the second instruction
set 130 associated with the second core 106. The processor 102 may determine that a
migration policy 134, such as the first migration policy 136, applies. The migration policy
134 may instruct the processor 102 to migrate 156 the threads 104 from the first core 104 to
the second core 106 when the threads 152 that are scheduled for execution by the first core
104 include the particular instructions 154 that are included in the second instruction set 130
but excluded from the first instruction set 120. In some instances, after the second core 106
has completed executing the instructions 154, the processor 102 may determine that another
migration policy applies and migrate 158 the threads 152 from the second core 106 to the first
core 104. For example, after the instructions 152 have been executed by the second core 106,
the processor 102 may determine that the remaining instructions are executable by the first
processor 102 (e.g., included in the first instruction set 120) and migrate 158 the threads 152

to another core (eg., the first core 104 or another core that has similar or equivalent
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characteristics). For example, the processor 102 may migrate 158 the threads 152 to athird
core that has characteristics similar or identical to the first core 104.

[0029] Thus, the processor 102 may periodically monitor the characteristics 108 and 110
and the instructions 154 in the threads 152 to determine whether aparticular migration policy
(e.g., one of the migration policies 134) applies. In response to determining that the
particular migration policy applies, the processor 102 may migrate 156 the threads 152 from
a first core 104 to a second core 106 of the multiple cores in the processor 102. At a later
point in time, in response to determining that the particular migration policy no longer
applies, another migration policy applies, or both, the processor 102 may migrate the threads
152 from the second core 106 to another core, such as the first core 104 or athird core that
has characteristics similar or identical to the characteristics 108. For example, the first core
104 may be alower power usage and lower performance core while the second core 106 may
be a higher power usage and higher performance core. In this example, the processor 102
may be capable of relatively low power usage by scheduling threads for execution by the first
core 104 while offering performance on demand by migrating the threads 152 to the second
core 106 as needed, based on the migration policies 134. Thus, awireless computing device,
such as a wireless phone, that incorporates the processor 102 may provide relatively lower
power usage via the first core 104 but may be capable of quickly performing computationally
intensive instructions or multimedia instructions via the second core 106.

[0030] FIG. 2 illustrates an example framework 200 to enable migrating threads in an
asymmetric multiple core processor based on a core characteristics identifier according to
some implementations. The framework 200 may include the processor 102 comprising
multiple cores, including the first core 104, the second 106, and additional cores, up to an Nth
core 202, where N is greater than two. Each of the cores 104, 106, and 202 may have
associated characteristics. For example, the first characteristics 108 may be associated with
the first core 104, the second characteristics 110 may be associated with the second core 106,
and Nth characteristics 204 may be associated with the Nth core 202.

[0031] The memory 132 may be used to a store a core characteristics identifier 206 that
identifies one or more characteristics of the multiple cores in the processor 102. In some
implementations, the core characteristics identifier 206 may include multiple identifiers, with
each identifier corresponding to a core of the processor 102. For example, a first identifier
208 may correspond to the first core 104, a second identifier 210 may correspond to the
second core 106, and an Nth identifier 212 may correspond to the Nth core 202. The memory

132 may be used to store logic 214 that includes logical instructions, such as microcode or
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other logical instructions, that are executable by the processor 102 to perform various
functions, such as, in FIG. 1, determining when to migrate 156 or migrate 158 the threads 152
from one core to another core of the processor 102.

[0032] The core characteristics identifier 206 may identify one or more characteristics of
the multiple cores in the processor 102. |If the operating system 148 is unaware of or
incapable of accessing the core characteristics identifier 206, the processor 102 may
determine when to migrate threads from one core to another core, as discussed above with
reference to FIG. 1. If the operating system 148 is capable of accessing core characteristics
identifier 206 to identify the characteristics of the multiple cores in the processor 102, the
operating system 148 may determine when to migrate threads from one core to another core
based on one or more migration policies 218. The migration policies 218 may specify
conditions, that when satisfied, cause the operating system 148 to perform actions, such as
migrating threads from one core to another core. The core characteristics identifier 206 may
be stored in the memory 132. The core characteristics identifier 206 may identify one or
more of the characteristics 108, 110, or 204 associated with the cores 104, 106, or 202. For
example, the first identifier 208 may identify one or more of the first characteristics
associated with the first core 104, the second identifier 210 may identify one or more of the
second characteristics 110 associated with the second core 106, and the Nth identifier 212
may identify one or more of the Nth characteristics 204 associated with the Nth core 202.
[0033] The core characteristics identifier 206 may be implemented as a bit mask, a data
structure, or another type of identifier. For example, when the cores 104, 106, and 202
include two types of cores, the core characteristics identifier 206 may be a bit mask in which
"0" identifies afirst type of core (e.g., alower power usage and lower performance type of
core) and "1" identifies a second type of core (e.g., a higher power usage and higher
performance core). Thus, if N=3 and the Nth core 202 is athird core, the mask "0 0 1" (e.g.,
the core characteristics identifier 206) may indicate that the cores 104 and 106 are the first
type of core and the Nth core 202 is the second type of core. As another example, the
processor 102 may include three types of cores, such as alower power usage type of core, a
higher performance type of core, and a multimedia core. In this example, two bits may be
used to identify the type of core. Thus, the mask "00 01 10" (e.g., the core characteristics
identifier 206) may identify that the first core 104 is the lower power usage type of core, the
second core 106 is the higher performance type of core, and the Nth core 202 is the
multimedia core. Of course, other types of bit masks and/or data structures are possible to

identify the characteristics 108, 110, and 204 associated with the cores 104, 106, and 202.
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[0034] In addition, the identifiers 208, 210, and 212 may identify additional characteristics
of the cores 104, 106, and 202, such as operating frequencies, throughput, power usage,
thermal characteristics, instruction sets, other characteristics of the cores 104, 106, and 202,
or combinations thereof. For example, the first identifier 208 may identify at least some of
the first characteristics 108 associated with the first core 104 and the second identifier 210
may identify at least some of the second characteristics 110 of the second core 106.

[0035] In some implementations, the core characteristics identifier 206 may be static (e.g.,
unchanging) while in other implementations a least a portion of the core characteristics
identifier 206 may be dynamically or periodically updated. For example, the characteristics
108, 110, and 204 may include a therma (e.g., a core temperature) characteristic that is
updated periodically (e.g., a apredetermined interval) or dynamicaly (e.g., when the thermal
characteristic satisfies a particular threshold). To illustrate, the processor 102 may
periodically monitor the characteristics 108, 110, and 204, such as core temperatures,
associated with the cores 104, 106, and 202. When one of the characteristics 108, 110, and
204 satisfy a particular threshold, the processor 102 may update one or more of the
identifiers 208, 210, or 212. For example, the processor 102 may determine that the core
temperature of the first core 104 satisfies atemperature threshold and update a corresponding
portion of the first identifier 208.

[0036] The operating system 148 may periodically access the core characteristics identifier
206 and determine whether one of the migration policies 218 applies. |f one of the migration
policies 218 applies, the operating system 148 may perform an action, such as migrating the
threads 152 from one core to another core in the processor 102. For example, the operating
system 148 may access the core characteristics identifier 206 (e.g., by performing aread core
characteristics identifier instruction 216), determine that the core temperature characteristic
associated with the first core 104 satisfies atemperature threshold, determine that one of the
migration policies 134 applies, and migrate the threads 152 from the first core 104 to another
core of the N cores in the processor 102.

[0037] One or more of the characteristics 108, 110, or 204 may identify a capacity or load
associated with the cores 104, 106, or 202. To illustrate, the processor 102 may periodically
or dynamically update one of the identifiers 208, 210, or 212 to indicate that the associated
core is executing M threads (where M is greater than or equal to zero), whether the associated
core is executing computationally intensive instructions, whether the associated core has the
capacity to execute additional threads, whether the core isidle or stopped, and/or other core
capacity related characteristics. The operating system 148 may periodically access the core
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characteristics identifier 206 and perform an action, such as migrating the threads 152 from
one core to another core in the processor 102, based at least in part on the core characteristics
identifier 206. For example, when the core temperature associated with the first core 104
satisfies a temperature threshold, the operating system 148 may identify which of the
remaining cores (e.g., the cores 106 and 202) in the processor 102 have sufficient capacity to
execute the threads 152 before migrating the threads 152 to one of the remaining cores.

[0038] In some cases, the operating system 148 may be unaware or incapable of accessing
the core characteristics identifier 206. In these cases, the processor 102 may generate an
interrupt 220 to cause the operating system to migrate the threads 152. For example, the
scheduler 150 may schedule the threads 152 for execution by the first core 104. The
processor 102 may determine that the first core 104 isincapable of executing at least one of
the ingtructions 154 (e.g., the first instruction set 120 does not include at least one of the
instructions 154) and generate the interrupt 220. An interrupt handler 222 associated with the
operating system 148 may receive the interrupt 220 generated by the processor 102. The
interrupt handler 222 may migrate the threads 152 based on information include in the
interrupt 220, the migration policies 218, or both. For example, in a processor with two
cores, such asthe processor 102 depicted in FIG. 1, the interrupt handler 222 may migrate the
threads 152 from the first core 104 to the second core 106 in response to receiving the
interrupt 220. In this example, the migration policy may specify "when an interrupt occurs,
migrate threads from the core at which they are scheduled to be executed to the other core."
As another example, in a processor with two types of cores (e.g., afirst type of core and a
second type of core), the operating system 148 may determine that the threads are scheduled
to be executed by the first type of core and migrate the threads to the second type of core.
[0039] In some instances, the interrupt 220 may instruct the interrupt handler 222 to
migrate the threads 152 to a particular type of core. For example, if the instructions 154 are
computationaly intensive, the interrupt 220 may instruct the interrupt handler 222 to migrate
the threads 152 to a core that is faster or more powerful (e.g., greater throughput). If the
instructions 154 include specialized instructions, such as multimedia instructions, the
interrupt handler 222 may instruct the interrupt handler 222 to migrate the threads 152 to a
multimedia type of core. The interrupt 220 may include a least a portion of the core
characteristics identifier 206. In some implementations, the processor 102 may generate the
interrupt 220 to instruct the operating system 148 that a power conservation policy isin effect
(e.g., battery life of a mobile device has dropped below a particular power threshold). In
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response to receiving the interrupt, the operating system 148 may migrate the threads 152 to a
core that has alower power usage.

[0040] Thus, the processor 102 may assist the operating system 148 in determining when
the operating system 148 should migrate threads from one core to another core of the
processor 102. The processor 102 may provide information about the characteristics 108,
110, and 204 of the cores 104, 106, and 202 to the operating system 148 via an identifier,
such as the core characteristics identifier 206. The processor 102 may periodically monitor
the characteristics 108, 110, or 204 and periodically or dynamicaly (e.g., in response to a
particular characteristic satisfying a predetermined threshold) update one or more of the
identifiers 208, 210, or 212 based on the characteristics 108, 110, or 204.

[0041] In some implementations, the operating system 148 may use the read core
characteristics instruction 216 to read the contents of the core characteristics identifier 206.
The operating system 148 may determine whether to apply one of the migration policies 218
based on the core characteristics identifier 206. The operating system 148 may apply one of
the migration policies 218 and migrate the threads 152 based on the core characteristics
identifier 206, the migration policies 218, or both. |f the operating system 148 is unaware or
incapable of reading the core characteristics identifier 206, the processor 102 may generate
the interrupt 220. The interrupt 220 may include enough information to enable the operating
system 148 to migrate threads from one core to another. For example, the interrupt 220 may
include at least aportion of the core characteristics identifier 206.

[0042] In this way, the processor 102 is capable of working with a wide variety of
operating systems, such as an operating system that is capable of reading the reading the core
characteristics identifier 206 as well as operating systems that are unaware or incapable of
reading the core characteristics identifier 206. Based on the capabilities of the operating
system 148, the processor 102 may migrate threads from one core to another core, update the
core characteristics identifier 206 to enable the operating system 148 to determine when to
migrate the threads, generate the interrupt 220 to instruct the operating system 148 to migrate
the threads, or any combination thereof.

[0043] FIG. 3 illustrates a first example of a framework 300 for migrating threads
according to some implementations. The framework 300 illustrates how threads may migrate
from one core to another core in an asymmetric multiple core processor.

[0044] The threads 152 may be scheduled for execution by the first core 104. The
processor 102 or the operating system 148 may determine to migrate 156 the threads 152
(e.g., initiate migration of the threads 152) from the first core 104 to the second core 106
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based on the instructions 154, the first characteristics 108, the second characteristics 110, the
migration policies 134, the core characteristics identifier 206, or any combination thereof.
[0045] Accordingly, the first core 104 may be instructed to stop executing the threads 152.
After the first core 104 has stopped, a context save 302 may be performed to create a saved
state 304 associated with the first core 104. The saved state 304 may include a snapshot of a
state of the first core 104, such as contents of pipelines, caches, buffers, and the like
associated with the first core 104. If the second core 106 is a different type of core than the
first core 104 (e.g., a least one of the second characteristics 110 differs from the first
characteristics 108), then a state mapping 306 may be used to map the saved state 304 of the
first core 104 to amapped state 308 that is suitable for execution by the second core 106.
[0046] The state mapping 306 may map the contents of the saved state 304 to
corresponding contents associated with a state of the second core 106. For example, the first
core 104 may be a 32-hit processor while the second core may be a 64-bit processor. In this
example, the state mapping 306 may modify at least some of the contents of the saved state
304 by converting 32-bit memory addresses to 64-bit memory addresses, converting 32-bit
instructions to 64-bit instructions, and performing other 32-bit to 64-bit mappings. The state
mapping 306 may perform other mappings of the saved state 304, as appropriate, to enable
the second core 106 to execute the threads 152 using the mapped state 308 with little or no
impact on the execution of threads 152. After the state mapping 306 is used to create the
mapped state 308, the second core 106 may be stopped if it is executing and a context
restore 310 may be performed to load the mapped state 308 into the second core 106. If the
second core 106 was executing threads before it was stopped, a context save operation may
be performed to save a state of the second core 106, and the mapped state 308 may be merged
or joined with the saved state of the second core 106 before the context restore 310 is
performed (e.g., threads executing on the second core 106 prior to the migration are not
significantly impacted by the migration of the threads 152 to the second core 106). After the
context restore 310 has completed, the second core 106 may be instructed to execute the
threads 152 using the mapped state 308. Thus, after the migrate 156 of the threads 152 to the
second core 106, the threads 152 may resume execution by the second core 106.

[0047] The migration of the threads 152 from the first core 104 to the second core 106 may
be transparent to auser of a computing device that includes the processor 102. For example,
the user may notice little or no interruption of the tasks performed by the threads 152. The

computing device that includes the processor 102 may function in a way that the user is
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unaware that the threads 152 were migrated from one core to another core of the processor
102.

[0048] If the second core 106 has similar or identical characteristics 110 to the first core
104, the state mapping 306 may not be performed. Instead, the saved state 304 may be used
as the mapped state 308. For example, the second core 106 may be a newer or improved
version of the first core 104 with a similar or identical architecture as compared to the first
core 104. Under such circumstances, the state mapping 306 may not be performed. To
illustrate, if the second core 106 has a faster operating frequency than the first core 104, but
has the same or similar architecture as the first core 104, then the state mapping 306 may not
be performed. As another illustration, if the second core 106 has an instruction set that
includes an instruction set of the first core 104, but has the same or similar architecture as the
first core 104, then the state mapping 306 may not be performed.

[0049] Thus, when a migration of threads from a first core (e.g., the first core 104) to a
second core (e.g., the second core 106) is initiated, the first core may be stopped and the
context save 302 may be performed to create the saved state 304. If the second core has
sufficiently different characteristics from the first core, the state mapping 306 may be
performed to create the mapped state 308 based on the saved state 304. The second core may
be stopped and the mapped state 308 may be loaded into the second core 106 using the
context restore 310. After the context restore 310 has completed, the second core may be
instructed to execute the threads 152 based on the mapped state 308. If the second core has
similar or identical characteristics to the first core such that the state mapping 306 is not
performed, the saved state 304 may be used as the mapped state 308 for the context restore
310. In this way, threads may be migrated seamlessly and transparently from one core to
another core of the processor 102 with little or no disruption/impact to the threads 152. The
threads 152 may migrate 156 from one core to another core without a user becoming aware
that execution of the threads 152 was interrupted. For example, the migration may not cause
any noticeable degradation in the performance of the execution of the threads 152, the
processor 102, and the computing device. To the contrary, the user may notice that tasks
performed by the threads 152 are executing faster or that multimedia operations are being
performed. For example, in some implementations, the entire migrate 156 operation may
occur in lessthan forty microseconds.

[0050] FIG. 4 illustrates a second example of a framework 400 for migrating threads
according to some implementations. The framework 400 illustrates how threads, after

migrating from afirst core to a second core may migrate back to another core. The processor
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102 may include the first core 104, the second core 106, and a third core 402. Third
characteristics 404 may be associated with the third core 402.

[0051] In some instances, after the threads 152 have migrated from the first core 104 to the
second core 106 as described above with reference to FIG. 3, adetermination may be made to
initiate migration of the threads 152 from the second core 106 to another core, such as the
first core 104 or the third core 402. For example, after the second core 106 completes
execution of the instructions 154, the processor 102 or the operating system 148 may
determine that the threads 152 may be executed by another core of the processor 102. For
example, the second core 106 may have relatively higher power usage compared to other
cores, such as the cores 104 or 402. The processor 102 or the operating system 148 may
determine to apply a policy, such as a power conservation policy. To reduce power usage
associated with executing the threads 152, the processor 102 or the operating system 148 may
migrate 158 the threads 152 from the second core 106 to another core (e.g., the third core 402
or the first core 104) of the processor 102 that uses less power than the second core 106.
[0052] Accordingly, the second core 106 may be instructed to stop execution of the threads
152. A context save 406 may be performed to create a saved state 408 associated with the
second core 106. A state mapping 410 may be performed to create a mapped state 412 for
the destination core (e.g., the third core 402 or the first core 104). A context restore 414 may
be performed to provide the mapped state 414 to the destination core. For example, in FIG.
4, the context restore 414 may be used to provide the mapped state 414 to the third core 402.
The third core 402 may execute the threads 152 based on the mapped state 412.

[0053] Of course, other situations may occur in which the processor 102 or the operating
system 148 first migrates the threads 152 from the first core 104 to the second core 106 and
then migrates the threads 152 from the second core 106 to the third core 402. For example,
the first core 104 may be alow power usage, low performance core, the second core 106 may
be a high power usage, high performance core, and the third core 402 may be a specialized
core, such as a multimedia core. Initidly, the threads 152 may be executed by the first core
104 to conserve power usage. The instructions 152 may include computationally intensive
instructions that cause the core temperature of the first core 104 to increase such that it
satisfies the thermal threshold 144 of FIG. 1. The threads 152 may be migrated from the first
core 104 to the second core 106 to enable the core temperature of the first core 104 to
decrease. The second core 106 may be capable of executing the threads 152 without
adversely affecting the core temperature of the second core 106. After the migration, the

second core 106 may execute the threads 152. The threads 152 may include specialized
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instructions (e.g., multimedia instructions) that the cores 104 and 106 are incapable of
executing. When the specialized instructions of the threads 152 are scheduled for execution
by the second core, the processor 102 or the operating system 148 may migrate 158 the
threads 152 from the second core 106 to a specialized core (e.g., the third core 402) that is
capable of executing the specialized instructions.

[0054] FIGS. 5, 6, and 7 are example processes for migrating threads according to some
implementations. In the flow diagrams of FIGS. 5, 6, and 7, each block represents one or
more operations that can be implemented in hardware, firmware, software, or a combination
thereof. The processes described in FIGS. 5, 6, and 7 may be performed by a processor with
multiple asymmetric cores, such asthe processor 102. Inthe context of software, the blocks
represent computer-executable instructions that, when executed by the processor, cause the
processor to perform the recited operations. Generally, computer-executable instructions
include routines, programs, objects, modules, components, data structures, and the like that
perform particular functions or implement particular abstract data types. The order in which
the blocks are described is not intended to be construed as a limitation, and any number of the
described operations can be combined in any order and/or in paralel to implement the
processes. For discussion purposes, the processes 500, 600, and 700 are described with
reference to the frameworks 100, 200, 300, and 400 described above, although other models,
frameworks, systems and environments may implement these processes.

[0055] FIG. 5 illustrates a flow diagram of an example process 500 for migrating threads
according to some implementations. At block 502, one or more threads may be scheduled for
(or may be executing) at the first core and the core may be stopped. For example, in FIG. 3,
the processor 102 or the operating system 148 may determine to migrate 156 the threads 152
from the first core 104 to the second core 106. The migration process may include stopping
the first core 104.

[0056] At block 504, acontext save operation may be performed to save a state of the first
core. For example, in FIG. 3, the context save 302 may create the saved state 304 associated
with the first core 104. At block 506, the saved state may be mapped to create a mapped state
for use with a second core. For example, in FIG. 3, the state mapping 306 may map the
saved state 304 to create the mapped state 308 that isto be used with the second core 106. At
block 508, a context restore operation is performed to provide the mapped state to the second
core. For example, in FIG. 3, the context restore 310 provides the mapped state 308 to the

second core 106. At block 510, the one or more threads are executed via the second core
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based on the mapped state. For example, in FIG. 3, the threads 152 are executed by the
second core 106 based on the mapped state 308.

[0057] Thus, threads may be migrated from one type of core to another type of core in an
asymmetric multiple core processor. Migrating the threads may enable the processor or the
operating system to take advantage of the different characteristics of the different types of
cores. For example, threads may be migrated to a low power usage core to conserve power,
to a high performance core to improve performance or execute computationaly intensive
instructions, or to a specialized core (eg., a multimedia core) to execute specialized
instructions. In particular, portable computing devices with a limited amount of power (e.g.,
battery powered devices), such as wireless phones or tablet computing devices, may
incorporate an asymmetric processor to offer relatively low power usage while providing
performance on-demand (e.g., based on the requirements of the software that is being
executed).

[0058] FIG. 6 illustrates a flow diagram of an example process 600 for migrating threads
based on a migration policy according to some implementations. At block 602, one or more
threads scheduled for execution at a processor are identified. The processor includes a
pluraity of cores, including a first core and a second core. The first core may have an
associated first characteristic and the second core may have an associated second
characteristic that is different than the first characteristic. For example, in FIG. 1, the
processor 102 may have multiple cores, including the first core 104 and the second core 106.
The first core 104 may have the associated first characteristics 108 and the second core 106
may have the associated second characteristics 110. At least one of the first characteristics
108 may be different than the second characteristics 110. At block 604, the processor may
initiate execution of the one or more threads by the first core. For example, in FIG. 1, the
scheduler 150 may schedule the threads 152 for execution by the first core 104. In response,
the first core 104 may initiate execution of the threads 152.

[0059] At block 606, a determination may be made whether to apply a migration policy.
The migration policy may identify a particular set of conditions that when satisfied instruct
the processor to migrate the threads from one core to another core. For example, in FIG. 1,
the processor 102 may determine whether to apply one of the migration policies 134 based on
the characteristics 108, the characteristics 110, the instructions 154, the thresholds 140, or any
combination thereof. As another example, the operating system 148 may determine whether
to apply one of the migration policies 218 based on the core characteristics identifier 206, the
instructions 154, various thresholds (similar to the thresholds 140 of FIG. 1), or any
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combination thereof. At block 608, migration of the one or more threads from the first core
to the second core may beinitiated. For example, asillustrated in FIG. 3, the migration of the
one or more threads 152 from the first core 104 to the second core 106 may include
performing the context save 302 to create the saved state 304, performing the state mapping
306 to create the mapped state 308, and executing the threads by the second core based on the
mapped state 308.

[0060] Thus, threads may be migrated from one type of core to another type of core in an
asymmetric multiple core processor based on a migration policy. For example, the migration
policy may instruct the processor 102 to migrate the threads 152 when a power conservation
policy isin effect. Asyet another example, the migration policy may cause the processor 102
to migrate the threads 152 when the first core 104 isincapable of executing at least one of the
instructions 154 and the second core 106 is capable of executing a least one of the
instructions 154. Migrating the threads may enable the processor or the operating system to
take advantage of the different characteristics of the different types of cores.

[0061] FIG. 7 illustrates a flow diagram of an example process 700 for migrating threads
based on an instruction set according to some implementations. At block 702, a set of threads
scheduled for execution by afirst core of aprocessor are identified. For example, in FIG. 1,
the processor 102 may identify the threads 152 as scheduled for execution by the first core
104. At block 704, a determination may be made that a second core is capable of executing
the set of threads. For example, in FIG. 1, the processor 102 or the operating system 148 may
determine that the second core 106 may be capable of executing the threads 152, and may be
capable of executing the threads 152 faster than the first core 104 is capable of executing the
threads 152 because the second core 106 has a faster execution throughput than the first core
104.

[0062] At block 706, the set of threads may be migrated from the first core to the second
core. For example, in FIG. 1, the processor 102 or the operating system 148 may determine
that the threads 152 include computationally intensive instructions that are causing the core
temperature of the first core 104 to increase. The processor 102 or the operating system 148
may determine that the threads 152 may be executable by the second core 106. In this
example, the processor 102 or the operating system 148 may migrate the threads 152 from the
first core 104 to the second core 106 to enable the core temperature of the first core 104 to
decrease, to enable the threads 152 to be executed by a core that has more execution

throughput, or both. At block 708 a second set of threads may be identified as scheduled for

20



WO 2013/101032 PCT/US2011/067778

execution by the first core. For example, in FIG. 1, the processor 012 may identify the
threads 152 as scheduled for execution by the first core 104.

[0063] At block 710, a determination may be made that the second set of threads includes
a least one instruction that the first core isincapable of executing and that the second core is
capable of executing. At block 712 the second set of threads is migrated from the first core to
the second core. For example, in FIG. 2, the processor 102 or the operating system 148 (e.g.,
via the interrupt 220) may determine that at least one of the instructions 154 in the threads
152 is not executable by the first core 104. The processor 102 or the operating system 148
may determine that another core, such asthe second core 106 or the Nth core 202, is capable
of executing the instructions 154. The processor 102 or the operating system 148 may
migrate the threads 152 to the other core (e.g., the second core 106 or the Nth core 202).
[0064] Thus, threads may be migrated from one type of core to another type of core in an
asymmetric multiple core processor. Migrating the threads may enable the processor or the
operating system to take advantage of the different characteristics of the different types of
cores. For example, threads may be migrated from alow power usage/low performance core
to a high power usage/high performance core to improve performance or execute
computationally intensive instructions. As another example, the threads may be migrated to a
second core that is capable of executing particular instructions that the first core is incapable
of executing.

[0065] FIG. 8illustrates an example framework 800 that includes an asymmetric multiple
core processor according to some implementations. The framework 800 includes a device
802, which may be an electronic device, such as a desktop computing device, a laptop
computing device, tablet computing device, netbook computing device, wireless computing
device, and the like.

[0066] The device 802 may include one or more processors, such as the processor 102, a
clock generator 804, the memory 132, an input/output control hub 806, and a power source
808 (e.g., a battery or apower supply). In some implementations, at least one processor in
the device 802 may include a multiple core processor, such as the processor 102. For
example, the multiple core processor 102 may include more than one core, such as the first
core 104, the second core 106, and, in some implementations, one or more additional cores,
up to and including an Nt core 202. The processor 102 may include a memory controller 810
to enable access (e.g., reading from or writing) to the memory 132.

[0067] Each of the N cores 104, 106, and 202 may have associated characteristics. For
example, the first core 104 may have the associated first characteristics 108. The core
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characteristics identifier 206 may identify one or more characteristics of each of the N cores
of the processor 102. In some implementations, the operating system 148 may read the core
characteristics identifier 206 to determine when to migrate the threads 152 from afirst core to
a second core of the N cores. In other implementations, where the operating system 148 is
unaware or incapable of reading the core characteristics identifier 206, the processor 102 may
determine when to migrate the threads 152 from the first core 104 to the second core 106.
For example, the operating system 148 or the processor 102 may migrate the threads 152
from the first core 104 to the second core 106 based on the migration policies 134. During
the migration, the first core 104 may be stopped and a state of the first core 104 may be saved
asthe first state 304. In some cases, the saved state 304 of the first core 104 may be mapped
using the state mapping 306 to create the mapped state 308. The mapped state 308 may be
used to resume execution of the threads 152 on the second core 106. One or more of the
migration policies 134, the saved state 304, the state mapping 306, or the mapped state 308
may be stored in an on-board memory of the processor 102, in the memory 132, or a
combination of both.

[0068] The clock generator 804 may generate a clock signal that is the basis for an
operating frequency of one or more of the N cores of the processor 102. For example, one or
more of the N cores 104, 106, or 202 may operate at a multiple of the clock signal generated
by the clock generator 804.

[0069] The input/output control hub 806 may be coupled to mass storage 812. The mass
storage 812 may include one or more non-volatile storage devices, such as disk drives, solid
state drives, and the like. The operating system 148 may be stored in the mass storage 812.
[0070] The input/output control hub 806 may be coupled to a network port 814. The
network port 814 may enable the device 802 to communicate with other devices via a
network 816. The network 816 may include multiple networks, such as wireline networks
(e.g., public switched telephone network and the like), wireless networks (e.g., 802.1 1, code
divison multiple access (CDMA), globa system for mobile (GSM), Long Term Evolution
(LTE) and the like), other types of communication networks, or any combination thereof.
The input/output control hub 804 may be coupled to a display device 818 that is capable of
displaying text, graphics, and the like.

[0071] As described herein, the processor 102 may include multiple computing units or
multiple cores. The processor 102 can be implemented as one or more micCroprocessors,
microcomputers, microcontrollers, digital signal processors, central processing units, state

machines, logic circuitries, and/or any devices that manipulate signals based on operational
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instructions. Among other capabilities, the processor 102 can be configured to fetch and
execute instructions stored in the memory 132 or other computer-readable media.

[0072] The memory 132 is an example of computer storage media for storing instructions
which are executed by the processor 102 to perform the various functions described above.
The memory 132 may generally include both volatile memory and non-volatile memory (e.g.,
RAM, ROM, or the like). The memory 132 may be referred to as memory or computer
storage media herein, and may be a non-transitory media capable of storing computer-
readable, processor-executable program instructions as computer program code that can be
executed by the processor 102 as a particular machine configured for carrying out the
operations and functions described in the implementations herein.

[0073] The example systems and computing devices described herein are merely examples
suitable for some implementations and are not intended to suggest any limitation as to the
scope of use or functionality of the environments, architectures and frameworks that can
implement the processes, components and features described herein.  Thus, implementations
herein are operational with numerous environments or architectures, and may be
implemented in general purpose and special-purpose computing systems, or other devices
having processing capability. Generally, any of the functions described with reference to the
figures can be implemented using software, hardware (e.g., fixed logic circuitry) or a

combination of these implementations. The term "module,” "mechanism™” or "component” as
used herein generally represents software, hardware, or a combination of software and
hardware that can be configured to implement prescribed functions. For instance, in the case
of a software implementation, the term "module” "mechanism” or "component” can
represent program code (and/or declarative-type instructions) that performs specified tasks or
operations when executed on aprocessing device or devices (e.g., CPUs or processors). The
program code can be stored in one or more computer-readable memory devices or other
computer storage devices. Thus, the processes, components and modules described herein
may be implemented by a computer program product.

[0074] Furthermore, this disclosure provides various example implementations, as
described and as illustrated in the drawings. However, this disclosure is not limited to the
implementations described and illustrated herein, but can extend to other implementations, as
would be known or as would become known to those skilled in the art. Reference in the

specification to "one implementation,” "this implementation,” "these implementations’ or

"some implementations’ means that a particular feature, structure, or characteristic described
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isincluded in at least one implementation, and the appearances of these phrases in various
places in the specification are not necessarily all referring to the same implementation.

[0075] Although the subject matter has been described in language specific to structural
features and/or methodological acts, the subject matter defined in the appended claims is not
limited to the specific features or acts described above. Rather, the specific features and acts
described above are disclosed as example forms of implementing the claims. This disclosure
is intended to cover any and all adaptations or variations of the disclosed implementations,
and the following clams should not be construed to be limited to the specific
implementations disclosed in the specification. Instead, the scope of this document is to be
determined entirely by the following claims, along with the full range of equivalents to which

such claims are entitled.
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CLAIMS

1 A processor comprising:

aplurality of cores including afirst core and a second core;

a memory to store a core characteristics identifier, the core characteristics identifier
comprising a first identifier and a second identifier, the first identifier indicating first
characteristics associated with the first core and the second identifier indicating second
characteristics associated with the second core, the core characteristics identifier enabling an
operating system to detect when to migrate one or more threads from the first core to the

second core.

2. The processor as recited in clam 1, wherein the core characteristics identifier is
modified by the processor in response to the processor detecting a change in the first

characteristics or the second characteristics.

3. The processor asrecited in clam 1, wherein:

the processor provides the core characteristics identifier to the operating system in
response to aread core characteristics instruction; and

the one or more threads are migrated from the first core to the second core based on

the core characteristics identifier.
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4. The processor as recited in clam 1, wherein the processor generates an interrupt to
cause the operating system to migrate the one or more threads from the first core to the

second core.

5. The processor as recited in claim 4, wherein the processor generates the interrupt in
response to detecting that one or more threads scheduled for execution by the first core

include at least one particular instruction that the first core is incapable of executing.

6. A system comprising:
aprocessor including afirst core that is executable at afirst clock speed and a second
corethat is executable at a second clock speed that is faster than the first clock speed; and
amemory to store logic to:
identify a set of threads scheduled for execution by the first core;
detect whether the second core is capable of executing the set of threads; and
in response to detecting that the second core is capable of executing the set of

threads, migrate the set of threads from the first core to the second core.
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7. The system as recited in claim 6, wherein migrating the set of threads from the first
core to the second core comprises:
saving a state of the first core;
mapping the state of the first core to create amapped state for the second core;
scheduling the set of threads for execution at the second core; and
resuming execution of the one or more threads a the second core based on the

mapped state.

8. The system as recited in claim 6, the logic to:
identify a second set of threads scheduled for execution by the first core; and
detect that the second set of threads include at least one instruction that the first core

isincapable of executing and that the second core is capable of executing.

9. The system as recited in claim 8, the logic to migrate the second set of threads from
the first core to the second core in response to detecting that the second set of threads include
the a least one instruction that the first core is incapable of executing and that the second

core iscapable of executing.

10. The system as recited in claim 8, the logic to cause an interrupt to instruct an

operating system to schedule the second set of threads for execution by the second core

instead of by the first core.
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11.  The system asrecited in claim 8, the logic to:

identify athird set of threads scheduled for execution by the second core;

detect that executing the third set of threads a the first core would consume less
power than executing the third set of threads at the second core;

migrate the third set of threads from the second core to the first core; and

initiate execution of the third set of threads by the first core.

12, A method comprising:

identifying one or more threads scheduled for execution at a processor, the processor
comprising aplurality of coresincluding afirst core having afirst characteristic and a second
core have a second characteristic that is different than the first characteristic;

initiating execution of the one or more threads by the first core;

determining whether to apply amigration policy; and

in response to determining to apply the migration policy, initiating migrating the one

or more threads from the first core to the second core.

13. The method as recited in claim 12, further comprising:
stopping execution of the one or more threads by the first core;
saving a state of the first core;
mapping the state of the first core to create amapped state for the second core;
migrating the one or more threads from the first core to the second core; and
resuming execution of the one or more threads by the second core based on the

mapped state.
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14. The method as recited in claim 12, further comprising:

determining whether to apply a second migration policy; and

in response to determining to apply the second migration policy, initiating migrating
the one or more threads from the second core to the first core based on the second migration

policy.

15. The method as recited in claim 14, further comprising:

stopping execution of the one or more threads by the second core;

saving a second state of the second core;

mapping the second state of the second core to create a second mapped state for the
first core;

migrating the one or more threads to the first core; and

resuming execution of the one or more threads by the first core based on the second

mapped state.

16. The method as recited in clam 12, wherein determining whether to apply the
migration policy comprises:

detecting that a first thermal characteristic associated with the first core satisfies a
thermal threshold; and

detecting that a second thermal characteristic associated with the second core does not

satisfy the thermal threshold.
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17. The method as recited in clam 12, wherein determining whether to apply the
migration policy comprises:

detecting that a first throughput characteristic associated with the first core does not
satisfy athroughput threshold; and

detecting that a second throughput characteristic associated with the second core

satisfies the throughput threshold.

18. The method as recited in clam 12, wherein determining whether to apply the
migration policy comprises:

detecting that a first operating frequency characteristic associated with the first core
does not satisfy an operating frequency threshold; and

detecting that a second operating frequency characteristic associated with the second

core satisfies the operating frequency threshold.

19. The method as recited in clam 12, wherein determining whether to apply the
migration policy comprises detecting that a first power usage characteristic associated with
the first core is greater than a second power usage characteristic associated with the second

core.

20. The method as recited in clam 12, wherein determining whether to apply the
migration policy comprises detecting that afirst instruction set that the first core is capable of
executing does not include &t least one particular instruction and a second instruction set that

the second core i s capable of executing includes the at least one particular instruction.
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