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(57) Abstract: Embodiments of techniques and systems associated with binary translation (BT) in computing systems are disclosed.
In some embodiments, a BT task to be processed may be identified. The BT task may be associated with a set of code and may be
identified during execution of the set of code on a first processing core of the computing device. The BT task may be queued in a
queue accessible to a second processing core of the computing device, the second processing core being ditferent from the first pro -
cessing core. In response to a determination that the second processing core is in an idle state or has received an instruction through
an operating system to enter an idle state, at least some of the BT task may be processed using the second processing core. Other em-
bodiments may be described and/or claimed.
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MULTI-CORE BINARY TRANSLATION TASK PROCESSING

Technical Field

The preseunt disclosure relates generally to the field of computing systems, and

more particularly, to binary translation in computing systems.
Background

Binary translation (BT), the process of analyzing a set of code and translating it
into another set of code, may be performed i a number of applications. For example, a
set of code may be run through a binary translator programmed with a set of performance
goals {c.g., improved speed) to translate the set of code into an optimized set that better
achieves the performance goals, Some binary translators will translate code of a piece of
software while that software is running by intermittently pausing the software to analyze
and trapslate a code segment. This kind of pause-and-resume operation mitroduces latency
into the execution of the code, and manifests itself to the user as noticeable and seemingly
random delays. Additionally, BT tasks require power; even when these tasks are
processed when the computing device is otherwise not busy, running a binary translator
requires keeping a processor operating when that processor might otherwise be idle.

Brief Description of the Drawings

Embodiments will be readily understood by the following detailed description in
conjunction with the accompanying drawings. To facilitate this description, like reference
numerals designate like structural elements. Embodiments are tllustrated by way of
example, and not by way of lirmitation, in the figures of the accompanying drawings.

FIGS. 1-3 are block diagrams of components of a multi-core computing device
configured for multi-core BT task processing, in accordance with various embodiuments.

FIG. 4 illustrates an example timeline of multi-core BT task processing operations,
in accordance with various erabodiments,

FIG. 5 is a flow diagram of example BT task queuing operations, in accordance
with various embodiments,

FIG. 6 is a flow diagram of first example objective evaluation operations, in
accordance with various embodiments.

FIG. 7 is a flow diagram of second example objective evaluation operations, in
accordance with various embodiments,

FIG. 8 is a flow diagram of example 1dle core task processing operatiouns, in

accordance with various embodiments.
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FIG. 9 is a flow diagram of example idle core BT task/objective evaluation
operations, in accordance with various embodirents.

FIG. 10 1s a block diagram of an example computing device suitable for practicing
the disclosed embodiments, in accordance with various embodiments.

Betatled Description

Erobodiments of techniques and systems associated with binary translation (BT) in
computing systems are disclosed. In some embodiments, a BT task to be processed may
be dentified. The BT task may be associated with a sct of code, and may be identified
during execution of the set of code on a first processing core of the computing device,
The BT task may be qucued inn a queue accessible to a second processing core of the
computing device, the second processing core being different from the {irst processing
core. Inresponse 1o a determination that the second processing core is in an idle state or
has received an instruction through an operating system to enter an 1dle state, at least some
of the BT task may be processed using the second processing core.

In the following detailed description, reference is made to the accompanying
drawings which form a part hereof wherein like namerals designate like parts throughout,
and 1 which s shown by way of illustration embodiments that may be practiced. Itisto
be understood that other ewbodimoents may be utilized and structural or logical changes
may be made without departing from the scope of the present disclosure. Therefore, the
following detatled description 1s not to be taken m a limiting sense, and the scope of
embodiments is defined by the appended claims and their equivalents,

Various operations may be described as multiple discrete actions or operations in
turn, in a manner that is most helpful in understanding the claimed subject matter.
However, the order of description should not be construed as to imply that these
operations are necessarily order dependent. In particular, these operations may not be
performed in the order of presentation. Operations described may be performed in a
different order than the described embodiment. Various additional operations may be
performed and/or described operations may be omitted in additional embodiments,

For the purposes of the present disclosure, the phrase "A and/or B” means (A), (B),
or {A and B). For the purposcs of the present disclosure, the phrase "A, B, and/or C"
means (A}, (B), (C), (A and B), (A and C), (B and C), or (A, B and C).

The description uses the phrases "in an embodiment,” or "in embodiments," which
may cach refer to one or more of the same or dufferent embodiments. Furthermore, the

terms "comprising,” "tneluding,” "having,” and the like, as used with respect to
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embodiments of the present disclosure, are synonymous. As used herein, the term "logic”
may refer to, be part of, or include av Application Specific Integrated Circuit (ASIC), an
electronic circuit, a processor (shared, dedicated, or group) and/or memory (shared,
dedicated, or group) that exccute one or more software or firrnware prograrus, a
combinational logic circuit, and/or other suitable components that provide the described
functionality,

Referring now to FIG. 1, a block diagram is ilhustrated of components of
computing device 100 configured for multi-core BT task processing in accordance with
various embodiments. As shown, computing device 100 may include multiple processing
cores 108a-108n Processing cores 108a-108n may include any mumber of processors
known 1o the art baving multiple processing cores, such as one or more dual-core
processors. Processing cores 108a-108n may include one or more integrated circuits
(ICs), such as one or more semiconductor IC chips, Processing cores 108a-108n may
include any combination of general-purpose processing cores and dedicated processing
cores {¢.g., normal cores, small cores, graphics processing cores, application processing
cores, eic. ).

As shown in FIG. |, processing cores 108a-108n may cach be configured to
execute corresponding user code 110a-110u. User code 110a-110n may represent, for
example, an application or other process executing on associated processing cores 108a-
108u. lo some emabodiments, the progress of the execution of the user code on one or
more processing core {¢.g., the progress of the execution of user code 110a on processing
core 108a) may be visible to a user of computing device 100 {e.g., via a display or other
output device, not shown). In some embodiments, an operating system (OS, not shown)
may be responsible for the designation of user code to processing cores,

Hach of processing cores 108a-108n may include BT task identification logic 112a-
112n, which may wdentify BT tasks associated with user code 108a-108n while the user
code 108a-108n is executing on processing cores 108a-108n, respectively. A BT task may
include, for example, one or more operations involved n emulating a set of machine
readable msiractions of a set of code through translation and/or avalysis of that set of
code. In various embodiments, a set of code may include a set of instructions, a subset of
a larger set of instructions, portions of combinational and/or sequential logic, subroutines,
or called functions, for example. In some embodiments, a BT task may be directed toward
enabling code written for a source computing architecture (o run on a target computing

architecture {e.g., the architecture of computing device 108). A BT task may include a
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dynamic BT task and/or a static BT task. As used herein, a BT task may include a binary
analysis task. In some embodiments, a BT task wdentified by BT task identification logic
112a-112n may include translation of a portion of the set of code into another sct of code.
In some embodiments, a BT task identified by BT task identification logic 112a-1120 may
include evaluating a performance characteristic of the set of code, for example. In some
embodiments, a BT task wdentified by BT task identification logic 112a-112n may inchude
boosting the performance of the set of code by at least partially reorganizing and/or editing
the set of code. In some embodiments, a BT task wdentified by BT task identification logic
112a-112n may include adding additional secunty features to the set of code. For
example, in some embodiments, BT task identification logic 112a-112n may identify
markers of improper behavior 1o the set of code that roay be a sign of walware execution
of other malicious intervention.

Computing device 100 may include BT task queue 122, In some embodiments, BT
task queue 122 may mclude a memory configured to store one or more BT tasks identified
by BT task identification logic 112a-112n. The BT task(s) in BT task queue 122 may be
added to and removed from BT task queue 122 as the tasks are identified and processed by
one or more of processing cores 108a-108n. For example, a BT task may be placed in BT
task queue 122 by BT task identification logic 112a of processing core 198a, and may be
removed from BT task queue 122 and processed by idle core task processing (ICTP} logic
120b of processing core 108b. Ewbodiments of ICTP logic 120 are discussed n further
detail below. In some cmbodiments, BT task queue 122 may be implemented in software,
in hardware, or in a combination of software and hardware, BT tasks in BT task queue
122 may be stored with data representative of the relative priorities of different tasks
{which may be used by processing cores 1083-108n to determine which tasks to remove
first as long as other constraints, such as processing power, are satisfies) and/or data
representative of portions of different tasks that have been already processed (e.g., when
processing of a task was previously initiated but interrupted before completion).

In some embodiments, not all BT tasks identified by BT task identification logic
112a~112n may be placed in BT task queue 122, For example, BT task identification logic
120a (associated with processing core 108a) may determine that a particular BT task
should be processed immediately or soon by associated processing core 108a. The
particular BT task may then be executed by processing core 108a without placing the BT
task in BT task queue 122, One example of a BT task that may be suitable for immediate

processing on the processing core on which the BT task was identified, in some
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embodiments, may be a task that involves transforming a serial portion of code into a
paralicl implerentation; in such a case, the processing core on which the BT task was
identified may mmmediately look for another processing core with which to execute the
paraticl iraplementation.

Returning 1o processing cores 108a-108n, each of processing cores 108a-108n may
include idle core detection (JCD) logic 116a-116n, respectively, In some embodiments,
1CD logic 116 may monitor a state of associated processing core 138, Example states of
processing cores 108a-108n may include an active state, a halt state, a stop clock state, a
sleep state, a voltage~scaled state or a frequency-scaled state, Additional examples include
the C-states and/or P-states described in the Advanced Configuration and Power Interface
{ACPD Specification, version 5.0, published Dec. 6, 2011, incorporated by refercuce
herein in its entirety. Different ones of processing cores 108a-108n may be in different
states. For example, in some embodiments, processing core 108a may be in an active state
while processing core 108b may be in a sleep state.

As used herein, a processing core may be considered to be in an "active” or "non-
idle" state when the processing core is currently useable for data processing by an
operating system or an application running through an operating system (for example,
executing user code) and/or the processing core 1s maximally powered n accordance with
a current power setting for the processing core. A power setting of a processing core may
deterroine, for example, an operating voltage for the processing core and/or an operating
frequency for the processing core. In some embodiments, these power settings may
include the "P-states” defined in the ACPI Specification. Iu some embodiments, a
processing core int an active state may have different achievable performance levels
corresponding to different power settings. Resources that may be adjusted under in the
transition between "active” and "idle" may inchide main clocks, internal clocks, external
clocks, bus devices, operating voltages, memory caches, etc, As used herein, "idic” or
“idle state" may refer to any state other than an "active” or "non-idle” state. In some
embodiments, a state of a processing core may include the "C-state” of the processing core
as defined in the ACPI Specification. For example, an active state may include the CO
state, while idle states may include the C1, C2, ... C7 states (in which power draw and
processing core wake time are traded off 1n various combinations),

In some embodiments, ICD logic 116a-116n may determine which, if any, of
processing cores 108a-108n are idle. In some embodiments, ICD logie 116 may be

configured to trigger a change m the state of associated processing core 108, In some
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embodiments, ICD logic 116 may be configured to determine whether a change in a state
of associated processing core 108 is consistent with a power management (PM) objective,
and/or configured to determine a state to which associated processing core 108 may
change to maintain consistency with a PM objective. In some embodiments, one or more
of ICD logic 116a-116n may be coupled with PM logic 102, and may query PM logic 102
to wdentify a PM objective of computing device 100, Various embodiments of ICD logic
116 and PM logic 102 are discussed in further detail below.

Each of processing cores 108a-108n may include idle core task processing (1CTP)
{ogic 120a-~120n, respectively. lu some emabodiroents, ICTP logic 116 may be coufigured
to process a BT task taken from BT task queuct22. This processing may occur when
processing core 108 associated with ICTP logic 120 1s determived to be n an idle state
{by, for example, ICD logic 116}, The BT task processed by ICTP logic 116 may not have
been placed i BT task queue 122 by the associated BT task identification logic; for
example, [CTP logic 120 (associated with processing core 108b) may be configured to
execute a BT task wdentificd by BT task identification logic 112a (associated with
processing core [08ba. In some embodiments, ICTP logic 120 may be configared to
communicate with PM logic 102 to identify a PM objective of computing device 100, and
to deteromne whether a task from BT task queune 122 may be processed while achieving
consistency with the PM objective. ICTP logic 120 may be further configured to portion a
BT task into subtasks, one or more of which may be processed while achieving
consistency with the PM obiective. ICTP logic 120 may be further configured to stop
processing a BT task when a request for associated processing core 108 is received (e.g.,
from an OS, other processor, or outside interrupt source). In some embodiments, ICTP
logic 120 may utilize the same processing, memory, and data transfer resources as are
utilized for execution of the associated user code 110a. Various embodiments of ICTP
logic 120 arc discussed in further detail below.

Computing device 100 may include BT cache 114, Processing cores 108a-108n
may access BT cache 114 to retrieve the outputs of previously-executed BT tasks during
execution of associated user code 118a-110n 1n order to, for example, speed up or
otherwise improve the execution of user code 110a-110n. Cutputs stored in BT cache 114
may include, for example, translated portions of code. In some embodiments, BT cache
114 includes multiple separate caches, cach associated with one or more of processing
cores 108a-108n. In some embodiments, the outputs stored in BT cache 114 may have

been generated by BT tasks executed by one or more of idle core task processing (IUTP)
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logic 120a-120n. In some embodiments, the outputs stored in BT cache 114 may have
been generated by BT tasks executed intermittently by processing core 108 during the
execution of associated user code 110 (for example, according to the typical pause-and-
resume operation described above),

Computing device 100 may include power management (PM} logic 102, PM logic
102 may be configured to irplement various mechanisus for adjusting the power
consumption of computing device 100 based on, for example, available power sources and
performance objectives. For example, in some embodiments, PM logic 102 may
implement the techuology for PM specified in the ACPI Specification, discussed above.
PM logic 102 may implement PM technigues in addition to or instead of those specified
by ACPL In some embodiments, PM logic 102 may be wcluded 1n, or may include, a
power control unit (PCU) of computing device 100,

PM logic 102 may inchude performance target logic 104, In some embodiments,
performance target logic 104 may store data representative of a target performance level of
computing device 100. A target performance level of computing device 100 may specify,
for example, a target display brighiness, a target energy consumption (for example, a per
hour encrgy consumption, or target operating life), a target speaker volume, a target
strength for one or wore wireless comrounication anlennas, ¢ic. As used herein, a "target”
may include a desired value, a maximum value, or a minimum value, as appropriate. In
some embodiments, a target performance level may be based on or specified by a power
plan or profile set by a user or automatically set by computing device 100. For example,
an OS5 running on computing device 100 may inclade pre-determined performance target
levels that correspond to "energy saving,”" "balanced performance/power consumption,”
and "high performance” profiles.

PM logic 102 may include power supply state logic 106, In some embodiments,
power supply state logic 106 may store data representative of one or more power supplies
of computing device 180, For example, power supply state logic 106 may store
information about the total battery capacity of computing device 100, the remaining
battery power available to coruputing device 100, whether computing device 100 is
currently powered by access to wall power or another power source, such as a solar panel,
the estirnated operational tiroe remaining for device 100 (under current states and/or power
settings, or projected states and/or power settings), otc. In some embodiments, the targe
performance levels of performance target logic 104 may be based on power supply data

from power supply state logic 106.
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PM logic 102 may inclade state change logic 118, In some embodiments, state
change logic 118 may receive commands or queries related to PM from an O8 execuling
on computing device 100 (not shown) or other components in communication with PM
logic 102 (such as peripheral devices or other processing devices inchuded i computing
device 1008}, For example, PM logic 102 may recetve a request from the OS to change the
state of one or more of processing cores 108a-108n. A change in the state of a processing
core may include, for example, a change from a current noun-idle state to an idle state (due
to, for example, the elapse of a given period of time, inactivity, or user selection of an dle
state}. A change in the state of a processing core may mclude, for example, a change from
a current idle state to a non-idle state {due to, for cxample, moving a mouse, pressing a
key on the keyboard, receiving a message, or receiving a guery froru a remote system
administrator). In some embodiments, a state change request may take the form of an
interrupt supplied to PM logic 102 or supplied directly to the relevant ones of processors
198a-108n and monttored by PM logic 102, Such a request may be triggered in response
to, for example, a manual "wake-up"” of computing device 100 by a user or process. In
some embodiments, a state change request may take the form of a monitor hit, which may
occur when a monttor wait (MWAIT) function (which may be executed by cireuitry
included in hardware supporting processing cores 108a~108n) detects the presence of'a
predetermined event upon which computing device 100 is to be woken up. In some
embodiments, the predeterroined eveunt 1s set through a MONITOR instruction. In some
embodiments, state change logic 118 may transmit PM commands {¢.g., state change
commands) to one or more of processing cores 108a-108n.

Referring now to FIG. 2, a block diagram is illustrated of additional components
included in an embodiment of ICD logic 116 (FIG. 1), As shown, ICD logic 116 may
include core monitoring logic 124, In some embodiments, core monitoring logic 124 may
monitor associated processing core 108 to determine the current state of associated
processing core 108. In particular, core monitoring logic 124 may be configured to
identify when associated processing core 108 is in an idle state. In some embodiments, the
core monitoring logic associated with one processing core may monttor the state of other
processing cores; for example, the core monitoring logic of ICD logic 116a (associated
with processing core 108a) roay monitor the state of processing core 108b, In some
embodiments, core monitoring logic 124 may receive data representative of the state of
one or more of processing cores 1084-108n from PM logic 102, which may nclude such

data in a memory accessible to performance target logic 104 and/or state change logic 118,
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ICTY logic may nclude objective evaluation logic 126, In some embodiments,
objective evaluation logic 126 may identify a PM objective of computing device 100 and
determine whether the state ol associated processing core 108 {(or any other processing
core, tn some embodiments) may be changed while achieving consistency with the PM
objective. In some embodiments, a PM objective of computing device 100 may be
achieving the target performance level for computing device 100 stored in performance
target logic 104 of PM logic 102. Core monitoring logic 124 and/or objective evaluation
logic 126 may query PM logic 102 for such performance-related data. Iu some
embodiments, obiective evaluation logic 126 may determine whether changing a state of
associated processing core 108 to a different state 1s counsisient with the PM objective by
determining whether changing the state of associated processing core 108 to the different
state will result in the violation of the PM objective. For example, if processing core 108
is currently in a particular idle state and is only capable of processing data when 0 a single
"active” state, objective evaluation logic 126 may determine whether the power
consumption that will resulit from changing the state of processing core 108 from the
particular 1dle state to the active state will exceed an upper limit on the power
cousumption specified by a PM objective,

In some embodiments, a PM objective of computing device 100 is not identified
solely by querying PM logic 102, but may be determined by objective evaluation logic 126
based on data from PM logic 102 (such as target performance level data from performance
target logic 104 and/or power supply state data from power supply state logic 106). Core
monitoring logic 124 and/or objective evaluation logic 126 may query PM logic 102 for
such power- and/or performance-related data. For example, in some embodiments, power
supply state logic 106 of PM logic 102 may indicate that computing device 100 1s
operating from a battery with only 5% remaining; i view of this data, objective evaluation
logic 126 may determine that no processing cores should be transitioned from idle into
non-idle states for performing BT tasks until the battery is recharged to a sufficient value
{e.g., a predetermined threshold, such as 60%;).

In some embeodiments, processing core 108 may have more than one non-idle state.
For example, one non-idle state may cousume more power aud have a shorter start-up
time, while a second non-idle state may consume less power but have a longer start-up
tirne. In such embodiments, mstead of having a pre-determined nouv-idle state, objective

evaluation logic 126 may determine a desired non-idle state based on, for example, a PM
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objective {as determined by querying PM logic 102 and/or analysis by objective
evaluation logic 126), one or more BT tasks 1o BT task queue 122 which associated
processing core 108 may be assigned, and/or the current state of associated processing
core 108, In this manner, in some ecmbodiments, ICD logic 116 may identify a non-idle
state for associated processing core 108 that allows processing core 108 to execute a BT
task from BT task queue 122 while achieving consistency with a PM objective,

ICTY logic may include state change logic 128, In some embodiments, when
associated processing core 108 18 in an idle state, BT task queuc 122 includes a BT task
suitable for processing by associated processing core 108, and objective evaluation logie
126 determines that changing the state of associated processing core 108 from the current
idle state to a non-idle state will be consistent with a PM objective, state change logic 128
may trigger a change of the state of associated processing core [0¥ to the non-idle state.
In some embodiments, the state into which processing core 108 changes for BT task
processing may depend on the architecture of computing device 100. For example, some
architectures may allow a processing core o enter a state in which all clocks mternal to the
processing core are stopped and an operating voltage of the processing core is reduced,
while other architectures may not provide for such a state. Processing core states, and the
transitions between states, may be governed by micro-architectural features that woay differ
for each processing core. In some embodiments, computing device 100 may include logic
that is always on {even when one or more of processing cores 108a-108n has a very low
power setting and/or 18 in an idle state) and that monitors for one or more "wake-up”
events; when such an event is detected, the logic way activate various parts of computing
device 100 until one or more of processing cores 108a-108n are running again. In
"shallow" 1dle states, this activation may ouly include turning one or more clocks back on,
while in "deeper” idle states, this activation may include re-loading processing core
context mmformation back into one or more of processing cores 108a-108n before
processing cores 108a-~-108n resume running.

In some embodiments, state change logic 128 changes a state of associated
processing core 108 by changing a conlext of associated processing core 108, As used
herein, the "context" of a processing core may refer to properties of the processing core
that may be saved and later restored. In some embodiments, when a switch between
normal operation and BT task processing occurs for processing core 108, the context of
processing core 108 may be stored in a memory so that the context may be restored when

processing core 108 returns to normal operation. In some embodiments, this context
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storage/restoration may be performed by and/or triggered by microcode or other firmware
or hardware support, which may jutervene when a state change 1s desired. In some
embodiments, the context of processing core 108 may be hidden from an O8 and/or a user
of computing device 100, In some embodiments, changes in state (e.g., changes in
context) may be implemented by a software-controlled switch (using, e.g., virtualization
extensions). In some cmbodiments, changes in state may be implemented by a hardware-
assisted switch {using, e.g., microcode or p-code functions to enter a specified state).

ICD logic 116 may mnclude context save logic 130, In some embodiments, when
associated processing core 108 18 interrupted during processing of a BT task from BT task
queuc 122, processing core 108 may store its context via context save logic 130 so that the
context may be resumed when state change logic 128 next changes processing core 108
from an idie mode into a non-idle mode for executing quened BT tasks.

Referring now to FI1G. 3, a block diagram is tllustrated of additional components
included in an embodiment of 1CTP logic 120 (FIG. 1). In some embodiments, ICTP
iogic 120 may allow BT tasks to be processed on otherwise idle processing cores,
effectively hiding the latency of the BT tasks by taking the execution of the BT tasks out
of the critical path of an active system-level or user-level application executing on a non-
idle processing core.

ICTP logic 120 may include objective evaluation logic 132, Like objective
evaluation logic 126 of ICD logic 122 (FIG. 2), objective evaluation logic 132 may
identify a PM objective of computing device 100, However, in some embodiments,
objective evaluation logic 132 may focus on the particular contours of a BT task retrieved
from BT queue 122, and in particular, whether that task may be processed while achicving
consistency with the PM objective. In some embodiments, objective evaluation logic 132
of IUTP logic 128 may only be activated after associated processing core 108 has been
changed into a non-idle state by ICD logic 116 in anticipation of cxecuting a BT task. As
discussed above with reference to objective evaluation logic 126, in some embodiments, a
PM objective may be determined directly from guerying PM logic 102 or by analyzing
data supplied by PM logic 102

In some embodiments, objective evaluation logic 132 may determine whether the
next BT task in BT task gqueue 122 can be processed while achieving consistency with the
PM objective. For example, objective evaluation logic 132 may determine that the
expected processing tirne of the next task in BT task queue 122 (based on, for example, a

type of the task or the amount of user code referred to in the task) will require an amount
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of processing time that does or does not exceed the processing time available without
unduly draining a battery or having to comprowmise other performance characteristics (such
as display brighteness). If the BT task may be processed while achieving consistency with
the PM objective, task processing logic 136 may proceed to process the task. In some
embodiments, if the BT task that is next in BT task queue 122 may not be processed while
achicving consistency with the PM objective, objective evaluation logic 132 may counsider
other BT tasks in BT task quene 122; if any one of them may be processed while
achieving consistency with the PM objective, task processing logic 136 may proceed o
process such task.

In some embodiments, when objective evaluation logic 132 determines that
processing the next (or any) BT task 10 BT task queue 122 1s not consistent with the PM
objective, control may be passed to task portioning logic 136. Task portioning logic 136
may attempt o portion one or muore of the BT tasks 1 BT task queuc 122 mto subtasks
that require fower processing resources than the original task(s) (e.g., less processing time,
or lower processing speeds). In some ernbodituents, a BT task may be portioned mto
"state collection” subtasks and "processing” subtasks. State coliection subtasks may
include tasks for collecting all necessary data for later processing (which may involve, for
example, saving a context of a processing core aund a portion of a valive memory space).
Processing subtasks may utilize the data collected during execution of a state collection
subtask; in some embodiments, a processing subtask need not use any data other thau data
collected by a state collection subtasks. In some cmbodiments, a state collection subtask
riay require less tme to execute thau a processing subtask. I task portioning logic 136
determines that one or more of the subtasks may be processed while achieving consistency
with the PM objective, task processing logic 136 may proceed to process such subtask.

ICTP logic 120 may further inchude progress save logic 138, In some
embodiments, when associated processing core 108 is interrupted during processing of' a
BT task from BT task quene 122, processing core 108 may store the progress of the
partially completed BT task via progress save logic 138 so that the BT task may be
resumed when ICTP logic 120 i3 next invoked to process BT tasks.

The BT task processing systems and techniques described herein may be
advantageously implemented in multi~core computing enviromments. As indicated above
with reference to FIG. 3, when processing core 108 is processing a BT task from BT task
queuc 122, processing core 108 1s 1n a non-idle state. However, PM logic 102 may not be

aware of this, nor may an OS running on computing device 100. By interposing HCD logic
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116 and ICTP logic 120 between PM logic 102 and processing core 108, and/or between
an OS and processing core 108, ICD logic 116 and ICTP logic 120 may use idle resources
without notifying or otherwise disrupting PM logic 102 and/or an OS. In addition, in
some embodiments, by evaluating the power and performance implications separately
{(using, for example, objective evaluation logic 126 of ICD logic 116 and/or objective
evaluation logic 132 of ICTP logic 120), the use of processing core resources for BT task
processing during otherwise idle periods may achieve consistency with PM objectives set
by the OS, PM logic 102, or a combination. In some embodiments, offloading BT tasks to
available processing cores may help distribute the thermal load across cores, and therehy
improve the reliability of computing device 100.

Further, by querying and mowmitoring several components of computing device 100
for power-related data {c.z., PM logic 102 for performance target and power supply state
data, and processing cores 108a-108n for state data), and using this data to make BT task
processing decisions, some embodiments of the BT task processing systems and
techuiques disclosed herein may minimuze the visible impact of BT task processing on the
operation of computing device 108. Power usage and the user experience may thereby be
improved, while allowing a binary translator to tmplement more complex BT operations
without significant performance tradeoffs. Conventional platforms, many of which are
architecturally constrained such that no component is aware of one or more of processor
core states, power sapply data, and PM objectives, are unable to achieve these advantages.

Embodiments of the BT task processing systems and techniques disclosed herein
riay be particularly advantageous wn maulti-core envirouments in which a common power
plane is provided for two or more processing cores. For example, processing cores in
conventional nmulti-core platforms are often arranged in patrs, with a single power plane
provided per pair. When a first processing core of the pair is set to a particular non-idle
state, the second processing core of the pair 18 sct to the same noun-idle state, regardless of
whether the second processing core is executing any code. The BT task processing
systems and techniques disclosed herein may take advantage of the second processing core
being in a non-idle state (but otherwise vnused) to perform BT task processing on the
second core without imposing an additional power burned on the computing device or
interrupting the execution of user code on the first processing core.

Referring now to FIG. 4, an example timeline is tllustrated of multi-core BT task
processing operations, 1n accordance with various embodiments. For case of illustration,

the nwlti-core operations of FIG. 4 are discussed with reference to a computing device
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{such as computing device 100) with two processor cores, Core 0 and Core 1. In some
embodiments, Core 8 and Core 1 are cach CPU cores,

At time € {(an arbitrary initial temporal reference point), both Core 0 and Core | are
running. In some embodiments, "running” may include executing user or other code while
in an active state. At times 0 through 2, the number of BT tasks in a BT task queue (such
as BT task gueue 122 of FIG. 1), as indicated in the "BT Queue Size” column, 18 0. At
time 3, a BT task is identifted which is associated with the set of code executing on Core
{e.g., by BT task identification logic 112 of FIG. 1), This BT task is transferred to a BT
task queue, as indicated by the new value of 1 in the "BT Queue Swze” column at time 3.
Attime 3, Core | remaining running. Attime 4, a BT task is identified which is
associated with the set of code executing on Core 1. This BT task is transferred to a BT
task queue, as indicated by the new value of 2 in the "BT Queue Size" column at time 4.

Attime S, Core | enters an wdle state. This idle state may be detected by core
monitoring logic of Core 1 {e.g., core monitoring logic124 of FIG. 23, At the next time
increruent, tirne 6, task processing logic of Core 1 (e.g., task processing logic 136 of FIG.
3} removes a task from the BT task queue and begins to process it. In some embodiments,
tasks may be removed from a BT task gueune on a first-in-first-out (FIFO) basis, on a last-
in-first-out (LIFO) basis, or on any other basis {e.g., selecting a task whose processing is
consistent with achieving a PM objective, as discussed above), Attime 7, Core |
processes the BT task removed from the BT task gueus, and completes the task at time 8,
icaving one task remaining in the BT task queue. The duration of one time unit for
processing a BT task is purely illustrative; all of the operations described herein may take
varying amounts of time. The output of the processed BT task may be stored, for
exammple, in BT cache 114 (FIG. 1).

Attime 9, Core 1 removes the last remaining task from the BT task quene (as
indicated by the "BT Queuc Size" colummu at time 9. At time 10, Core | processes the BT
task removed from the BT task queue, and completes the task at time 11, leaving the BT
task queue empty. The output of the processed BT task may be stored, for example, in a
BT cache. Core 0 has remam running since tivae 0, executing user code, for example. In
this ilfustration, Core 0 continues to execute the user code through time 15, the last
ittustrated tiroe unit.

Attime 12, Core | detects an interrupt or monttor hit (e.g., via core monitoring
iogic 124). In some ermbodiments, an OS running on the computing device of Core 1

expects that Core 1 has remained in an idle state since time 3, and is not aware that Core 1
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has been processing BT tasks between time 5 and time 11, In order to preserve the
semantics of idle/nou-idle states as seen by the OS, Core 1 may respond to the interrupt or
monitor hit at time 12 by changing state (e.g., via state change logic 128 of ICD logic 116,
or state change logic 118 of PM logic 102) into whatever non-idle state 1s expected by the
0OS {or other tnterrupting component} in response to an interrupt or monitor hit. At time
13, Core 1 resumes exccuting user code (designated by the OS, for example), and
continues to do so, through time 15, the last dlustrated time unit,

Referring now to FIG. §, a flow diagram 500 is provided of example BT task
queuing operations, i accordance with various embodiments. It may be recogmized that,
while the operations of flow diagram 500 (and the other flow diagrams described herein}
are arranged 1u a particular order and Husirated once each, in various embodiments, one
or more of the operations may be repeated, omitted or performed out of order. For
ithustrative purposes, operations of flow diagram 500 may be described as performed by
various components of computing device 100, such as BT task identification logic 112a of
processing core 108a and 108b (FIG. 1), but the operations of flow diagram 500, including
individual operations of flow diagram 500, may be performed by any suitably configured
component or combination of componcents of computing device 100,

The operations of flow diagrarg 500 may begin at operation 502 m which BT task
identification logic 112a may identify a BT task to be processed, the BT task associated
with a set of code {e.g., user code 110a) during execution of the set of code on processing
core 108a of computing device 100, At operation 504, BT task identification logic 112a
ray quene the BT task in a BT task queue (such as BT task queue 122) accessible to any
of processing cores 108b-108n (different processing cores than processing core 108a) of
computing device 100, The operations of flow diagram 500 may then end.

As discussed above, in some embodiments, objective evaluation logic 126 of ICD
logic 116 and/or objective evaluation logic 132 of ICTP logic 120 may cvaluate a PM
objective against a BT task to be processed and/or a change of state involved in processing
the BT task to determine whether BT task processing can be performed consistently with
the PM objective. In some emabodiments, objective evaluation logic 126 of 1CD logic 116
may determine whether simply changing the state of an idle processing core to a non-idle
state may be nconsistent with a PM objective; if not, the processing core may be changed
to a non-idle state and the processing core may wait for BT tasks to appear in BT task
queuc 122, FIG. 6, discussed below, illustrates example operations associated with some

such embodiments.
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In some embodiments, an idle processing core may not transition to a non-idle
state until a BT task is detected 1u BT task queue 122; i some of the BT task may be
processed consistently with a PM objective, the idle processing core may enter a non-idle
state and begin BT task processing. FIG. 7, discussed below, tllustrates cxample
operations associated with some such embodiments. Note that some embodiments may
include one or more of the operations of both FIGS, 6 and 7 (¢.g., embodiments in which
an initial state change s made when a processing core is idle, and further state changes
may be made to match additional or other PM objectives or the contours of a particular BT
task in BT task queue 122).

Referring now to FIG. 6, a flow diagram 600 is provided of first example objective
evaluation operations, in accordance with various embodiments. For illustrative purposes,
operations of flow diagram 600 may be described as performed by various components of
computing device 100, such as ICD logic 116b and ICTP logic 120b of processing core
198b (FIGS. 1 and 3), but the operations of flow diagram 600, including individual
operations of flow diagram 600, may be performed by any suitably configured cormponent
or combination of components of computing device 130. Using processing core 138b in
the discussion of FIG. 6 is for continuity with FIG. 5 and is purcly illustrative; the
operations of flow diagrara 600 may be execuled any of processing cores 108a-~-108n or
other suitably configured processing cores.

The operations of tlow diagram 600 way begiun at 602, at which ICD logic 116b
may determine whether processing core 108b is in an idle state. In some embodiments,
the operations of How diagram 600 may be triggered when 1CD logic 116b detects an idle
trigger from PM logic 102, an OS, state change logic 128 of ICD logic 116b, or another
source, In some cmbodiments, an idie trigger may include a HALT command or an
MWAIT command, for example. In some embodiments, the operations of flow
diagram 600 may be triggered periodically or aperiodically to determine if processing
core 108b should transition out of the idle state. A number of example triggers for a
processing core to enter an idle state are discussed above with reference to FIGS. [-3. If
processing core 108b is not idle, the operations of How diagram 600 may end.

IFICD logic 116b determines at operation 602 that processing core 108b is idle,
objective evaluation logic 126 of ICD logic 116 may determine, at operation 604, whether
changing the state of processing core 108b to a non-idle state is consistent with a PM
objective. The PM objective evaluated at operation 604 may take the form of any of the

embodiments discussed above with reference to FIGS. T and 2. For example, tn some
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embodiments, operation 604 may inchude querying a PM logic {e.g., PM logic 102} for
data representative of a target performance level of computing device 100 (e.g., from
performance target logic 104} or data representative of a power supply of computing
device 100 (e.g., from power supply state logic 106}, The determination of operation 604
may include determining whether changing the state of processing core 108btoa
particular non-idle state will be inconsistent with the PM objective. In various
embodimeuts, the particular non-idle state may be a "worst-case scenario” state {¢.g., a
state of processing core 108b that draws the most power during processing), an "average”
state, a "hikely™ state {e.g., based on the state typically appropriate for BT task processing),
or any other predetermined or dynamically determined state. In some embodiments, the
deterroination of operation 604 may not depend on any particular BT task 1u BT task
queuc 122, Indeed, in some cmbodiments, the determination of operation 604 may not
depend on whether there are any tasks i BT task queue 122.

It objective evaluation logic 126 determines at operation 634 that changing the
state of processing core 108b 18 inconsistent with a PM objective, the operations of flow
diagram 600 may end. If objective evaluation logic 126 determines at operation 634 that
changing the state of processing core 108b is consistent with a PM objective, state change
iogic 128 of ICD logic 116 may instruct processing core 108b to enter a non-idle state at
operation 606. In some embodiments, the non-idle state entered into at operation 606 may
be the non-idle state evaluated at operation 604, as described above, In some
embodiments, the non-idle state entered into at operation 606 may not be the state
evaluated at operation 604; instead, the non-idle state entered nto at operation 606 may
be, ¢.g., a state that consumes less power than the state evaluated at operation 604,

At operation 608, task processing logic 136 of ICTP logic 120b may determine
whether there is a BT task in a BT task queue (such as BT task queus 122 of FIG. 1), If
there is no BT task for processing, core monttoring logic 124 of ICD logic 116b may
execute operation 612 and monitor for an interrupt, monitor hit, or other event that is
intended to trigger processing core 108h to return to being controlled by the OS. I sucha
irigger is detected at operation 612, state change logic 128 of 1T fogic 116b or state
change logic 118 of PM logic 102 may change the state of processing core 108b such that
processing core 108b may return {o an idle state (consistent with the expectations of an OS
of computing device 100) at operation 614, and the operations of flow diagram 600 may
then end. If core monttoring logic 124 does not detect an interrupt, roonitor hit, or other

event at operation 612, task processing logic 136 may return to operation 608 and
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determine whether there is a BT task in a BT task queue. Processing core 108b may
remain in a non-idle state through execution of operation 608,

If task processing logic 136 of ICTP logic 120b determines that there is a BT task
in a BT task queuc at operation 608, task processing logic 136 may proceed to operation
610 and begin processing at least some of one or more BT tasks in the BT task queue. In
some embodiments, operation 610 may melude some or all of the operations of flow
diagram 800 of FIG. &, discussed below. The operations of flow diagram 600 may then
end.

Referring now to FIG. 7, a flow diagram 700 s provided of second example
objective evaluation operations, in accordance with various embodiments. Like flow
diagram 600 of FIG. 6, for dlustrative purposes, operations of How diagram 700 may be
described as performed by various components of computing device 100, such as I[CD
logic 116b and ICTP logic 120b of processing core 108b (FIGS. 1 and 3), but the
operations of flow diagram 600, including individual operations of flow diagram 600, may
be performed by any suitably configured component or combination of componcents of
computing device 100. Using processing core 108b in the discussion of FIG. 7 is for
continuity with FIG. 5 and is purcly illustrative; the operations of flow diagram 700 may
be executed any of processing cores 108a~108n or other suitably configured processing
cores. As discussed above with reference to FIG. 6, in some embodiments, the operations
of flow diagrarn 700 may be triggered when ICD logic 116b detects an idle tngger from
PM logic 102, an OS, state change logic 128 of ICD logic 116b, or another source. In
some embodiments, an idle trigger may include a HALT command or an MWAIT
command, for example. A number of example triggers for a processing core to enter an
idle state are discussed above with reference to FIGS. 1-3. In some embodiments, the
operations of flow diagram 700 may be triggered periodically or aperiodically to
determine if there are BT tasks for processing core 108b to process.

The operations of flow diagram 700 may begin at 702, at which task processing
logic 136 of ICTP logic 120b may determine whether there is a BT task in a BT task
queue (such as BT task gueue 122 of FIG. 1. [f task processing logic 136 determines that
there is no BT task in a BT task queuc at operation 702, core monitoring logic 124 of ICD
iogic 116b may execute operation 710 and momitor for an interrupt, ruonitor hit, or other
event that is intended to trigger processing core 108b to return to being controlied by the
OS. If such a trigger is detected at operation 710, state change logic 128 of ICD logic

116b or state change logic 118 of PM logic 102 may change the state of processing core
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108b such that processing core 108b return to an idle state {consistent with the
expectations of an O8 of computing device 100} at operation 712, and the operations of
flow diagram 700 may then end. If core monitoring logic 124 does not detect an interrupt,
monitor hit, or other event at operation 710, task processing logic 136 may return to
operation 702 and determine whether there is a BT task in a BT task queue. Processing
core 108b may remain in a wdle state through cxecution of operation 702,

If task processing logic 136 of ICTP logic 120b determines that there is a BT task
in a BT task queuc at operation 702, task processing logic may proceed to operation 704
aund determine, whether changing the state of processing core 108b to a non-~idle state o
process at least some of the one or more BT tasks in the BT task queue is consistent with a
PM objective. Embodiments of how a non-dle state may be identified for evalnation at
operation 704, and/or how consistency with the PM objective may be determined, are
described in detail below with reference to FIG. 9.

It objective evaluation logic 126 determines at operation 704 that changing the
state of processing core 108b 18 inconsistent with a PM objective, the operations of flow
diagram 700 may end. If objective evaluation logic 126 determines at operation 704 that
changing the state of processing core 108b is consistent with a PM objective, state change
iogic 128 of ICD logic 116 may instruct processing core 108b to enter a non-idle state at
operation 706. In some embodiments, the non-idle state entered into at operation 706 may
be the state evaluated at operation 704, as described above, At operation 708, ask
processing logic 136 may begin processing at least some of one or more BT tasks in the
BT task queune. In some embodituents, operation 610 may include sore or all of the
operations of flow diagram 800 of FIG. §, discussed below, The operations of flow
diagram 700 may then end.

Referring now to FIG. 8, a flow diagram 800 is provided of example idle core task
processing operations, in accordance with various embodiments, The operations of flow
diagram 800 may be performed when one or more BT tasks are queued in a BT task queue
{such as BT task queue 122 of FIG. 1). For illustrative purposes, operations of flow
diagram 800 may be described as performed by various componeuts of computing device
100, such as ICD logic 116b and ICTP logic 120b of processing core 108b (FIGS. 1 and
3}, but the operations of flow diagrars 800, wncluding ndividual operations of flow
diagram 800, may be performed by any suitably configured component or combination of
components of computing device 100, Using processing core 108b in the discussion of

FIG. 8 is for contimuty with FIGS. 5, ¢ and 7 and is purely illustrative; the operations of
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flow diagram 800 may be executed any of processing cores 108a-108n or other suitably
configured processing cores, In some embodiments, the operations of flow diagram 600
may be performed upon executing operation 610 of FIG. 6 and/or upon executing
operation 708 of F1G. 7. The operations of flow diagram 800 may begin at operation 802,
in which task processing logic 136 of ICTP logic 120b may process at least some of'a BT
task in BT task quecuc 122 using processing core 108b. As discussed above (and below
with reference to FIG. 9}, in some embodiments, processing at least some of a BT task at
operation 802 may include processing a portion of a BT task. In some embodiments,
processing at least sowe of a BT task using processing core 108b muay occur in parallel
with execution, by another processing core such as processing core 108a, of the set of code
associated with the BT task.

At operation 804, core monitoring logic 124 of ICD logic 116b may monitor for an
interrupt, monttor hit, or other event that 18 intended to trigger processing core 108b to
return fo being controlied by the O8. If such a trigger is detected at operation 804, task
processing logic 136 may stop processing the BT task using processing core 108b. At
operation 806, context save logic 130 of ICD logic 116b may save the context of
processing core 108b for resumption at a later time. At operation 808, progress save logic
138 of BCTP 120b way save data represeutative of the progress of the processing of the BT
task begun at operation 802, In some embodiments, the remainder of the BT task and the
data representative of the progress of the processing may be requeued in BT task queue
122 so that the BT task may be completed by the next processing core that removes a BT
task from BT task queune 122 for processing. In some embodiments, the remainder of the
BT task and the data representative of the progress of the processing may be stored ina
designated memory location so that the processing of the BT task may be resumed by
processing core 108b {or any other of processing cores 108a-108n) the next time that
processing core 108b (or any other processing core) is availabic to begin BT task
processing {¢.g., at operation 610 of FIG. 6 or operation 708 of FIG. 7). In such
embodiments, BT task queue 122 may be considered to extend to include the designated
memory location. At operation 810, state change logic 128 of ICD logic 116b or state
change logic 118 of PM logic 102 may change the state of processing core 108b such that
processing core 138b retumns to OS control, and the operations of flow diagram 800 may
then end.

If no trigger 1s detected at operation 804, task processing logic 136 may continue to

process the BT task and may proceed to operation 812 to determine whether the
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processing of the BT task is complete. I the task is not yet complete, core monitoring
logic 124 of ICD logic 116 may continue to monitor for an interrupt or mounitor hit at
operation 804, Once task processing logic 136 deternunes at operation 812 that the
processing of the BT task is coraplete, task processing logic 136 may save the output of
the BT task to a BT cache {such as BT cache 114} at operation 814 and the operations of
flow diagram 800 may then end.

Referring now to FIG. 9, a flow diagram 900 is provided of example idle core
task/objective evaluation operations, in accordance with various embodiments. In some
embodiments, the operations of fow diagram 900 may be performed to determine whether
changing to a non-idle state to process at least some of a BT task from a BT task queue
122 s consistent with a PM objective, such as part of executing operation 704 of FIG. 7.
For illustrative purposes, operations of flow diagram 900 may be described as performed
by various components of ICTP logic 120b of processing core 108b (FIGS. 1 and 3), but
the operations of flow diagram 900, including individual operations of flow diagram 900,
may be performed by any suttably configured component or combination of compounents
of computing device 100. Using processing core 108b in the discussion of FIG. 9 13 for
continuity with FIGS. 5, 6, 7 and 8 and 1s purely illustrative; the operations of flow
diagram 900 may be executed any of processing cores 108a-108n or other suitably
contigured processing cores.

The operations of tlow diagram 900 way begin with operation 902, in which
objective evaluation logic 132 of ICTP logic 120b may determine where there is a non-
idle state into which processing core 108b may euter to process a BT task drawn from BT
task queue 122 consistently with a PM objective. In some embodiments, only one non-
idle state may be available to processing core 108b for processing BT tasks, in which case
the determination of operation 902 will be made with respect to that non-idle state. In
some embodiments, one or more non-idle states may be available to processing core 108b
for processing BT tasks. In such embodiments, the determination of operation 902 may
evaluate one or more of those non-idle states to determine which may be used to process a
BT task consistently with the PM objective; if miore than one may be 30 used, objective
evaluation logic 132 may seclect one of the non-idle states as the state into which
processing core 108b should transition to process a BT task {e.g., based on performance
characteristics of the different non-idle states). In some embodiments, the determination
of operation 902 may be based on the PM objective, the BT task and/or the current state of

processing core 108b. For example, objective evaluation logic 132 may determine that,
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given a current, low-power state of processing core 108b, the next BT task in BT task
queue 122 1s complex and will require too much processing power to be adequately
processed while maintaining consistency with the PM objective.

It objective evaluation logic 132 determines at operation 902 that where therc s a
non-idle state into which processing core 108b may enter to process a BT task drawn from
BT task queue 122 consistently with a PM objective, objective evaluation logic 132 may
proceed to operation 904 and return a value of "YES" at operation 704 of FIG. 7 or
otherwise provide an indication that the processing of the BT task may proceed. The
operations of flow diagrar 900 may then end. If objective evalnation logic 132
determines at operation 902 that where there is no non-idle state into which processing
core 108b may enter to process a BT task drawn from BT task queue 122 cousistently with
a PM objective, task portioning logic 134 may execute operation 906 and determine
whether the BT task {evaluated at operation 902) may be portioned into subtasks, For
example, a task that may require constant updates from an OS throughout the execution of
the task may not be readily portioned. In such cmbodiments, task portioning logic 134
may determine at operation 906 that the BT task may not be portioned into subtasks,
objective evaluation logic 132 may execute operation 904 and return a value of "NO" at
operation 704 of FIG. 7 or otherwise provide au indication that the processing of at least
some of a BT task may not proceed. If task portioning logic 134 determines at operation
906 that the BT task may be portioned into subtasks, task portioning logic 132 way
proceed to operation 908 and may portion the BT task into a plurality of BT subtasks. In
some embodiments, operation 906 may not be performed.

In some embodiments, task portioning logic 134 may perform the portioning of
operation 908 with the objective of identifying a subtask of the BT task that may be
processed using processing core 108b consistently with the PM objective. Task portioning
logic 134 may then proceed to operation 910 and replace the original BT task in BT task
queue 122 with the plurality of BT subtasks portioned at operation 908. Objective
evaluation logic 132 may then reexecute operation 902, with BT task queue 122 updated
to wnclade the plurality of BT subtasks instead of the original BT task, and determoine
whether there is a non-idle state into which processing core 108b may transition to process
at least some of a BT task in BT task queue 122 consistently with a PM objective. Tn
some embodiments, BT subtasks may be broken down into further subtasks by additional
iteration of operations 908 and 910,

Although much of the previous discussion has focused on systems and technigues
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for multi-core processing of BT tasks {¢.¢., analysis flows, code generation and/or
optimization}, the systerus and techmques disclosed herein may be used, 10 some
embodiments, for nmulti-core processing of other computing tasks instead of or in addition
to BT tasks. For exampile, in some embodiments, the systems and technigues disclosed
herein may be used for anti-viras tasks, security analysis tasks, oftline profiling tasks,
systern reconfiguration tasks, data/cache moverment tasks, backup tasks, cte.

Referring now to FIG. 10, a block diagram is provided of an example computing
device suitable for practicing the disclosed ernbodiments, in accordance with various
embodiments. In various embodiments, computing device 1000 roay be a server, desktop
computer, laptop computer, tablet computer, celi phone, smartphone, personal digital
assistant, game cousole, Internet apphiance, mobile fnternet device or other computing
device.

As shown, computing device 1000 includes a number of processing cores 1002,
and system memory 1004, Processing cores 1002 may be configured as described above
with refercnce to processing cores 108a-108n. Additionally, computing svstem 1000 may
include mass storage devices 1006 {such as diskette, hard drive, compact disc read only
memory {CDROM) and so forth), mput/output devices 1008 (such as display, kevboard,
cursor control and so forthy and communication interfaces 1610 (such as network mterface
cards, modems and so forth). The elements may be coupled to cach other via system
bus 1012, which represents one or more buses, In the case of multiple buses, they may be
bridged by one or more bus bridges (not shown}.

Each of these elements may perform s conventional functions knowu in the art.
in particular, system memory 1004 and mass storage 1006 may be employed to storc a
working copy and a permanent copy of the programming instructions implementing the
method of any of FIGS. 5-7, or portions thereof, when executed by the respective
processing cores 1002, herein collectively denoted as computational logic 1022, The
varigus components may be implemented by assemibler instructions supported by
processing cores 1002 or high-level languages, such as, for example, C, that can be
compiled mto such instructions, Processing cores 1002 and systers meroory 1004 may
represents a broad range of processing core and memory arrangements including
arrangements processing cores of various execution speeds and power copsumptions, and
memory of various architectures {¢.2., with one or more levels of caches) and various
types {e.g., dynamic random access, FLASH, etc.).

The permanent copy of the programming instructions may be placed into
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permanent storage 1006 in the factory, or in the ficld, through, for example, a machine-
accessible distribution medium (vot shown), such as a compact dise (CD), or through
communication interface 1010 (e g, from a distribution server (not shown}}. That is, one
or more distribution media having an implementation of the agent program may be
employed to distribute the agent and program various computing devices, The
constitution of elements 1002-1012 are known, and accordingly will not be further
described.

Machine-readable media (including non-transitory machine-readable media, such
as machine-readable storage media), methods, systems and devices for performing the
above-described techniques are illustrative cxamples of embodiments disclosed herein.
Additionally, other devices 1n the above-~described 1nteractions may be configured to
perform various disclosed techniques.

EXAMPLES
Example 1 i3 a method for processing a binary transiation (BT} task on a multi-core
computing device, including: identifying, using a first processing core of the computing
device, a BT task to be processed, the BT task associated with a set of code, during
exceution of the set of code on the first processing core; gqueuning, using the first processing
core, the BT task in a gueue accessible 1o a second processing core of the computing
device, the second processing core being different from the first processing core;
deterroining that the second processing core 18 in an idle state or has received an
instruction through an operating system to enter an idie state; and in response to a
determination that the second processing core s in au idle state or has received an
instruction through an operating system to onter an idic state, processing at lcast some of
the BT task using the second processing core.

Hxample 2 may include the subject matter of Example 1, and further includes:
prior to processing at least sorne of the BT task using the second processing core, n
response to a determination that the second processing core is i an idle state or has
recetved an instruction to enter an idle state, changing a state of the second processing
core to a non-idle state.

Example 3 may include the subject matter of Example 2, and further specifies that
changing a state of the second processing core to a nou-idle state further includes
changing a context of the seccond processing core.

Example 4 may melude the subject matter of any of Examples 1-3, and further

includes: prior to processing at least some of the BT task using the second processing



W

10

15

WO 2014/142847 PCT/US2013/031005
25

core, identifying a power management objective of the computing device, identifying a
current state of the secound processing core, determimng whether changiog a state of the
second processing core from the current state to a non-idle state is consistent with the
powcer management objective, and when changing a state of the second processing core {0
a non-idle state is conststent with the power management objective, changing the current
state of the second processing core to the non-idle state.

Example 5 may include the subject matter of Example 4, and further specifies that
identifying a power management objoctive of the computing device includes querying a
power management logic for data representative of a target performance level of the
computing device or data representative of a power supply of the computing device.

Exaruple 6 may wclude the subject matter of any of Examples 4-3, and further
specifies that the current state inchudes a halt state, a stop clock state, a sleep state, a
voltage-scaled state or a froquency-scaled state.

Example 7 may include the subject matter of any of Examples 4-6, and further
specifies that determining whether changing a state of the second processing core from the
current state to a non-idle state is based on the power management objective, the BT task
and the state of the sccond processing core.

Example 8 may imclude the subject matter of any of Examples 1-7, and further
specifies that processing at least some of the BT task using the second processing core
includes: identifying a power management objective of the computing device;
determining whether processing the BT task using the sccond processing core is consistent
with the power management objective; when processing the BT task using the secoud
processing core is not consistent with the power management objective, portioning the BT
task into a plurality of BT subtasks, wherein a first BT subtask of the plurality of BT
subtasks may be processed using the second processing core consistently with the power
management objective; and processing the first BT subtask using the second processing
core.

Example 9 may iclude the subject matter of any of Examples 1-8, and further
includes: while processing at least some of the BT task using the second processing core,
receiving a signal representative of a request by an operating system to use the second
processing core; and o response to the signal, stopping processing the at least some of the

BT task using the second processing core.



W

10

15

WO 2014/142847 PCT/US2013/031005
26

Example 10 may include the subject matter of any of Examples 1-9, and further
specifies that the BT task comprises trauslation of a portion of the set of code into another
set of code or evaluating a performance characteristic of the set of code.

Example 11 may include the subject matier of any of Examples 1-10, and further
specifies that processing at least some of the BT task using the second processing core
occurs in parallel with exccution of the set of code on the first processing core of the
computing device.

Example 12 may include the subject matter of any of Examples 1-11, and further
specifies that determoining that the second processing core is in an idle state or has received
an instruction through an operating system to enter an idle state includes determining that
the secoud processing core has received an instruction through an operating system to
enter an idle state, the instruction being transmitted from power management logic of the
computing device,

Example 13 is one or more machine readable media including instructions that, in
response to execution by a computing device, cause the computing device to perform the
method of any of Examples 1-12.

Example 14 1s an apparatus including a plurality of processing cores and oune or
rore machine readable wedia includimg wstructions that, in respouse to execution by the
plurality of processing cores, causc the apparatus to perform the method of any of
Examples 1-12.

Example 15 is an apparatus including logic for performing the operations of the
riethod of any of Examples 1-12.

Example 16 is an apparatus including one or more means for performing the

operations of the method of any of Examples [-12.
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Claims
What is claimed s
1. At least one machine readable medium comprising instructions that, in response to
exccution by a computing device, cause the computing device to:
identify a binary translation (BT) task to be processed, the BT task associated with
a set of code, during cxecution of the set of code on a first processing core of the
computing device;
queue the BT task in a gueue accessible to a second processing core of the
computing device, the second processing core being different from the first processing
core;
determine that the second processing core is 1u an wdle state or has received an
instruction through an operating system to enter an idie state; and
in respounse o a determination that the second processing core s in an idle state or
has received an instruction through an operating system to enter an idle state, process at
icast some of the BT task using the second processing core,
2. The at least one machine readable medinm of claim 1, farther comprising instructions
that, in response to execution by the computing device, cause the computing device to:
prior to process at least some of the BT task using the second processing
core, in response to a determination that the second processing core is in an idle
state or has received an instraction to enter an idle state, change a state of the
second processing core to a non-idle state.
3. The at least one machine readable medium of claivn 2, wherein change a state of the
second processing core to a target non-idle state further comprises:
change a context of the second processing core,
4. The at least one machine readable medinm of any of claims 1-3, further comprising
instructions that, in response to execution by the computing device, cause the computing
device to:
prior to process at least some of the BT task using the second processing core,
identify a power management objective of the computing device,
identify a current state of the second processing core,
deterroine whether changing a state of the second processing core from the
current state to a non-idie state is consistent with the power management objective,

and
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when changing the current state of the second processing core to the target

non-idle state is consistent with the power roanagement objective, change the

current state of the second processing core to the non-idle state,
S. The at least one machine readable medium of claim 4, wherein identify a power
management objective of the computing device comprises:

query a power managernent logic for data representative of a target performance
level of the computing device or data representative of a power supply of the computing
device.
6. The at least one maching readable medivm of claim 4, wheretn the current state
compriscs a halt state, a stop clock state, a sleep state, a voltage-scaled state or a
frequency-scaled stale,
7. The at least one machine readable medium of claim 4, wherein determine whether
changing a state of the second processing core from the current state to a non-idle state is
consistent with the power management objective is based on power management
objective, the BT task and the current state of the second processing core,
8. The at least one machine readable medium of any of claims 1-3, further comprising
instructions that, in response to execution by the computing device, cause the computing
device to:

identify a power management objective of the computing device;

determine whether processing the BT task using the second processing core is
consistent with the power management objective;

when processing the BT task using the secound processing core is not consistent
with the power management objective, portion the BT task into a plurality of BT subtasks,
wherein a {first BT subtask of the plurality of BT subtasks may be processed using the
second processing core cousistently with the power management objective; and

process the first BT subtask using the second processing core.
9. The at least one machine readable medium of any of claims -3, further comprising:

while processing at least some of the BT task using the second processing core,
recetve a sigual representative of a request by au operating syster to use the second
processing core; and

i respouse to the signal, stop processing the at least some of the BT task using the

second processing core.



W

10

15

WO 2014/142847 PCT/US2013/031005
29

19. The at least one machine readable medium of any of claims 1-3, wherein the BT task
comprises translation of a portion of the set of code nto another set of code or evaluating a
performance characteristic of the set of code.
11, The at least one machine readable medium of any of claims 1-3, whercin process at
least some of the BT task using the second processing core occurs in paralie! with
execution of the sct of code on the first processing core of the coraputing device,
12. The at east one machine readable medium of any of claims 1-3, wherein determine
that the second processing core 18 in an 1dle state or has received an instruction through an
operating system to enter an idle state comprises determine that the second processing core
has recetved an instruction through an operating system to enter an idle state, the
instruction being transmitied from power managemeut logic of the computing device,
13. A method for processing a binary translation (BT} task on a multi-core computing
device, comprising:

identifying, using a first processing core of the computing device, a BT task to be
processed, the BT task associated with a set of code, during exccution of the set of code on
the first processing core;

queuing, using the first processing core, the BT task in a gqueue accessible to a
second processing core of the computing device, the second processing core being
different from the first processing core;

determining that the second processing core is in an idle state or has received an
instruction through an operating system to enter an idie state; and

i respouse o a determoination that the second processing core 15 in an idle state or
has recetved an instruction through an operating systein to enter an idle state, processing at
icast some of the BT task using the second processing core,
14. The method of claim 13, further comprising:

prior to processing at least some of the BT task using the second processing
core,
in response 1o a determination that the second processing core is in an idle

state or has received an 1nstruction to enter an 1dle state, changing a state of the

second processing core to a non-idle state.
15, The method of claim 14, wherein changing a state of the second processing core to a
non-idle state further comprises:

changing a context of the second processing core.

16. The method of claim 13, further comprising:
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prior to processing at least some of the BT task using the second processing core,
identifying a power managewment objective of the computing device,
identifying a current state of the second processing core,
deterruining whether changing a state of the second processing core from
the current state 10 a non-idle state is counsistent with the power management
objective, and
when changing a state of the second processing core to a non-idle state is
consistent with the power management objective, changing the current state of the
second processing core to the non-idle state.
17, The method of claim 16, wherein identifying a power management objective of the
computing device comprises:
querying a power management logic for data representative of a target performance
icvel of the computing device or data representative of a power supply of the computing
device.
18, The method of claim 16, wherein the current state comprises a halt state, a stop clock
state, a sleep state, a voltage-scaled state or a frequency-scaled state.
19. The method of claim 16, wherein determining whether changing a state of the second
processing core from the current state to a noun-idle state s based on the power
management objective, the BT task and the state of the second processing core.
26, The method of claim 13, wherein processiug at least some of the BT task using the
second processing core Comprises:
wdentifying a power management objective of the coraputing device;
determining whether processing the BT task using the second processing core is
consistent with the power management objective;
when processing the BT task using the second processing core is not consistent
with the power management objective, portioning the BT task into a plurality of BT
subtasks, wherein a first BT subtask of the phlurality of BT subtasks may be processed
using the second processing core consistently with the power management objective; and
processing the first BT subtask using the second processing core.
21. The method of claim 13, further comprising:
while processing at least some of the BT task using the secound processing core,
recetving a signal representative of a request by an operating system to use the second

processing ¢ore; and
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in response to the signal, stopping processing the at least some of the BT task using
the secoud processing core.
22. The method of claim 13, wherein the BT task comprises translation of a portion of the
set of code into another sct of code or evaluating a performance characteristic of the set of
code.
23, The method of claim 13, wherein processing at least some of the BT task using the
second processing core occurs in parailel with execution of the set of code on the first
processing core of the computing device.
24. The method of claim 13, wherein determining that the secoud processing cote is in an
idle state or has received an instruction through an operating system to enter an idle state
comprises determaining that the second processing core has received an wstruction through
an operating system to onter an idle state, the instruction being transmitted from power
management logic of the computing device.
25. An apparatus for processing a binary translation (BT) task, comprising:

a plurality of processing cores; and

one or more machine readable media coupled with the plurality of processing
cores, and configured with instructions that, in response to execution by the processing
cores, cause the appartatus to perform the method of any one of claims 13-24.
26. A machine readable medium including code which, in response to execution by a
plurality of processing cores, cause a machine to perform the method of any one of claims
13-24.
27. An apparatus for processing a binary translation (BT) task, comprising logic to
perform the operations of the method of any one of claims 13-24..
28. An apparatus for processing a binary translation (BT) task, comprising:

means for identifying, using a first processing core of the computing device, a BT
task to be processed, the BT task associated with a set of code, during execution of the set
of code on the first processing core;

means for queuing, using the first processing core, the BT task in a queue
accessible to a second processing core of the computing device, the second processing
core being different from the first processing core;

means for determining that the second processing core 18 1n an idle state or has

recetved an instruction through an operating system to enter an idle state; and
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nieans for, in response to a determination that the second processing core is in an
idle state or has received an mstruction through an operating system to enter an wdle state,
processing at least some of the BT task using the second processing core.
29. The apparatus of claim 28, further comprising:

means for, prior to processing at least some of the BT task using the second
processing ¢ore, in response o a determination that the second processing ¢ore is n an
idle state or has received an instruction to eater an idle state, changing a state of the

second processing core 1o a non-idle state,
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