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DYNAMICALLY MODIFYING A POWER/PERFORMANCE
TRADEOFF BASED ON PROCESSOR UTILIZATION

Background )
[0001] Advances in semiconductor processing and logic design have permitted an

increase in the amount of logic that may be present on integrated circuit devices. As
a result, computer system configurations have evolved from a single or multiple
integrated circuits in a system to multiple hardware threads, multiple cores, multiple
devices, and/or complete systems on individual integrated circuits. Additionally, as
the density of integrated circuits has grown, the power requirements for computing
systems (from embedded systems to servers) have aiso escalated. Furthermore,
software inefficiencies, and its requirements of hardware, have also caused an
increase in computing device energy consumption. In fact, some studies indicate
that computing devices consume a sizeable percentage of the entire electricity
supply for a country, such as the United States of America. As a result, there is a
vital need for energy efficiency and conservation associated with integrated circuits.
These needs will increase as servers, desktop computers, notebooks, uItrabooks,
tablets, mobile phones, processors, embedded systems, etc. become even more
prevalent (ffom inclusion in' the typical computer, automobiles, and televisions to

biotechnology).

[0002] In many computing environments, it is an established fact that for most
times systems such as servers are operating well below their peak performance.
During these periods of low utilization the focus is.on saving as much power as
possible in order to reduce energy costs. Power management technologies can
deliver significant power savings during periods of low utilization. However every
power management technology involves a power/performance tradeoff, especially
during periods of high activity. A user would ideally like to save as much power as
possible at low utilization while realizing maximum performance at times of high

utilization.

[0003] Users who cannot tolerate performance loss at high utilizations typically tune
power management features for a performance policy. This implies that when the

server is underutilized, it will consume more power than optimal. Users who like to
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save power at low utilizations typically tune power management features for a power
saver policy. This implies that when the server is highly utilized, the highest
performance of the server may not be realized. However, at low server utilizations
where the end user can typically tolerate higher performance loss, available power

savings are not realized.

Brief Description of the Drawings

[0004] FIG. 1is a graphical illustration of an example poWer performance loadline
for different power/performance profiles with dynamic loadline tuning in accordance

with an embodiment of the present invention.

[0005] FIG. 2 is aflow diagram of a method in accordance with an embodiment of

the present invention.

[0006] FIG. 3 is a block diagram of a dynamic switching architecture in accordance

with one embodiment of the present invention.

[0007] FIG. 4 is a flow diagram of a method of determining time in maximum
performance and active states in accordance with an embodiment of the present

invention.

[0008] FIG. 5is a block diagram of a processor in accordance with an embodiment

of the present invention.

[0009] FIG. 6 is a block diagram of a multi-domain processor in accordance with

another embodiment of the present invention.

[0010] FIG. 7 is a block diagram of a system in accordance with an embodiment of

the present invention.

[001 1] FIG. 8 is a block diagram of a multiprocessor system with a point-to-point

(PtP) interconnect in accordance with one embodiment of the present invention.

[0012] FIG. 9 is a block diagram of a partially connected quad processor system in

accordance with one embodiment of the present invention.
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Detailed Description

[0013] Embodiments provide a mechanism for detecting periods of low/medium
utilization of a processor such as a multicore processor and responsive to this
detection, tuning power management features to save as much power as possible.
At the same, the mechanism can detect periods of high utilization of the processor
and tune power management features to minimize performance loss. More
specifically, a dynamic loadline tuning architecture is provided to enable this

mechanism.

[0014] A power performance loadline is a representation of power consumption of a
computef system such as a server at different utilizations. This loadline thus
represents the power consumed at each delivered performance level and takes into
account the performance impact of a power management feature. FIG. 1is a
graphical illustration of an example power performance loadline of a server for
different settings of power/performance tuning. When power/performance settings
are biased towards performance via a performance policy 10, the server achieves
the highest performance possible; however power consumption at low to medium
utilization is higher. When power/performance settings are biased towards power via
a power saving policy 20, the power consumption at low to medium utilization is
reduced; however peak performance is alsb reduced. In turn, a balanced policy 30
in power/performance settings provides a middle ground between power and-
performance settings. As used herein, the concept of power/performance tuning is
in a generic manner. In very general terms this represents a set of tunings for
multiple power management features. The term "performance policy" represents a
set of tunings that are performance c‘)riented. Similarly, the term "power saver policy"
is used to represent power oriented tunings, and the term "balanced policy" is used
to represent tunings between the power saver policy and the performance policy.
Generally, a power saver policy and a balanced policy can be considered non-

performance policies.

[0015] In a conventional system, these different loadlines are statically realized by
a static configuration of the system. As an example, an operating system (OS) can

provide a static selection of one of these three policies, which can be configured by
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an end user. Instead, embodiments provide a technique to dynamically and
automatically switch between power biased settings and performance biased
settings. In this way power can be saved at low utilizations while preserving
performance at high utilizations. More specifically, embodiments provide a power
performance loadline that follows power saving policy 20 at low utilization and
instead dynamically moves to performance policy 10 at high utilization via a dynamic

loadline switch 25.

[0016] In various embodiments, a dynamic loadline tuning algorithm can be used to
detect a utilization point at which the maximum performance level achievable for the
current power/performance tuning is reached and switch the policy towards a
performance biased tuning. This maximum performance level can be configurable in
various embodiments. As an example based on utilization, dynamic loadline tuning
can save anywhere between approximately 8 watts (W) to 30W and between 40%
and 70% utilization. It can also be seen that at utilization nearing 100%, the
performance level matches a performance policy. Embodiments thus maximize

power savings at low utilization while maximizing performance at high utilization.

[0017] Although the following embodiments are described with reference to energy
conservation and energy efficiency in specific integrated circuits, such as in
compUting platforms or processors, other embodiments are applicable to other types
of integrated circuits and logic devices. Similar techniques and teachings of
embodiments described herein may be applied to other types of circuits or
semiconductor devices that may also benefit from better energy efficiency and
energy conservation. For example, the disclosed embodiments are not limited to
any particular type of computer systems, and may be also used in other devices,
such as handheld devices, systems on chip (SoCs), and embedded applications.
Some examples of handheld devices include cellular phones, Internet protocol
devices, digital cameras, personal digital assistants (PDAs), and handheld PCs.
Embedded applications typically include a microcontroller, a digital signal processor
(DSP), network computers (NetPC), set-top boxes, network hubs, wide area network
(WAN) switches, or any other system that can perform the functions and operations

taught below. Moreover, the apparatus', methods, and systems described herein are
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not limited to physical computing devices, but may also relate to software
optimizations for energy conservation and efficiency. As will become readily
apparent in the description below, the embodiments of methods, apparatus', and
systems described herein (whether in reference to hardware, firmware, software, or
a combination thereof) are vital to a 'green technology' future, such as for power
conservation and energy efficiency in products that encompass a large portion of the

US economy.

[0018] Referring now to FIG. 2, shown is a flow diagram of a method in accordance
with an embodiment of the present invention. As shown in FIG. 2, method 100 can
be performed in a power controller such as a power control unit (PCU) of a
processor. More specifically, the PCU can include a dynamic loadline tuning logic in
accordance with an embodiment of the present invéntion. As seen, method 100 can
begin by determining an amount of time that cores of a multicore processor spend in
a maximum performance state during an evaluation interval (block 110). As will be
discussed further below, different manners of determining this time duration can be
performed. Note that while the method of FIG. 2 is with regard to a multicore
processor, understand the scope of the present invention is not limited in this aspect

and other embodiments apply equally to single core processors.

[0019] As further seen method 100 continues by determining an amount of time
that the cores of the processor spend in an active state during the evaluation interval
(block 120). It is likely that the amount of time spent in an active state is greater than
the amount of time spent in a maximum performance state, since it is likely that at
least one of the cores for at least some amount of the time of the evaluation interval

is in an active state, but not a maximum performance state.

[0020] still referring to FIG. 2, at block 130 a ratio can be determined. More

specifically this ratio may correspond to comparison of the duration in the maximum
performance state to the duration in the active state. In this way, if the two durations
are the same, the ratio is 1. If the time spent in an active state is much greater than

the time spent in the maximum performance state, the ratio will be closer to 0.
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[0021] Embodiments may leverage this ratio information to determine whether to
dynamically switch between power management policies. Specifically as seen in
FIG. 2 at diamond 140 it can be determined whether this ratio is greater than a first
threshold, namely a high threshold. Although the scope of the present invention is
not limited in this regard in some embodiments this high threshold can be between
approximately 70% and 90%. Note that this high threshold can be dynamically
configurable by a user, e.g., based on a characterization of the typical workload for
the system. If the ratio is above this high threshold, control passes to block 150
where the power management policy can be set to a performance policy. This is so,
as at this high ratio cores are in a maximum performance state for the majority of the
time that the cores are active, and thus the system would likely benefit from a higher
performance policy which although may reduce the power savings, can increase

throughput and thus potentially reduce total consumed power.

[0022] sitill referring to FIG. 2, if instead the ratio is less than this high threshold,
control passes to diamond 160 where it can be determined whether the ratio is lower
than a low threshold. Although the scope of the present invention is not limited in
this regard in some embodiments this low threshold can be between approximately
10% and 30%. If the ratio is less than this low threshold, control passes to block
180, where the power management policy can be set to a non-performance policy.
Otherwise if the ratio is between the thresholds, control passes to block 170 where
the current policy can be maintained. Note that the updating of the policy can be
implemented by updating a value of a configuration register, e.g., in the PCU.
Although shown with this particular implementation in the embodiment of FIG. 2,

understand the scope of the present invention is not limited in this regard.

[0023] As demanded performance of a system increases, the operating system
requests higher performance states (known as P-states). At a given performance
state, if cores become idle, they enter into idle states (known as C-states). These
states can be in accordance with an OS-based mechanism, namely the Advanced
Configuration and Platform Interface (ACPI) standard (e.g., Rev. 3.0b, published
October 10, 2006). According to ACPI, a processor can operate at various power

and performance states. With regard to power states, ACPI specifies different power
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consumption states, generally referred to as so-called C 1to Cn states. When a core
is active, it runs at a Cc O state, and when the core is idle it may be placed in a core
low power state, a so-called core non-zero C-state (e.g., C1-C6 states). In addition
to these power states, a processor can further be configured to operate at one of
multiple performance states, namely from pPoto PN. In general, the P 1 performance
state may correspond to the highest guaranteed performance state that can be
requested by an OS. In addition to this P 1 state, the OS can further request a higher
performance state, namely a PO state, which corresponds to a maximum
performance state. This PO state may thus be an opportunistic state in which, when
power and/or thermal budget is available, processor hardware can configure the
processor or at least portions thereof to operate at a higher than guaranteed

frequency.

[0024] As the system utilization moves from medium to high levels, the average P-
state increases and eventually reaches the maximum turbo state. At the same time
the available idle periods reduce and the cores stay active for most of the time. In
one embodiment, by detecting the point at which all cores are at the highest P-state
for an entire evaluation interval, ii can be concluded that the highest performance

point for the current power/performance settings is reached.

[0025] For a given evaluation ’period T(Eval), the time spent by the it core when it
is in an active state (e.g., CO) at the highest P-state (Pmax) is represented as

T(i,C0,Pmax), and can be referred to as a maximum active time.
[0026] The sum of this time across all cores (e.g., M cores) thus equals:
T(CO,Pmax) = 5 T(i,C0,Pmax).

[0027] The highest value of T(CO,Pmax) is equal to IVTT(Eval). When T(CO, Pmax)
reaches its highest value then the highest performance point for the current
power/performance settings is reached. This is the principle used for a dynamic

switching detector in accordance with an embodiment of the present invention.

[0028] Two additional considerations may be accounted for with regard to the
detector. First, the detector can be made immune to instantaneous changes in

performance. To this end, an exponential moving average of the total maximum
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active time metric can be calculated. The average computed for the !\I"1 period is

given below, where a represents an averaging constant.
Average T(CO,Pmax, N) =a* Average T(CO, Pmax, N-1)+(1-a)*T(CO, Pmax).

[0029] A second consideration is the fact the number of active cores changes from
one workload to another and from one period to another. In order to ensure that the
detector can accommodate such varying workloads, the following can be performed.
In each period T(Eval), T(CO,i) represents the active time for the ith core. When
summed across M cores this yields T(CO0), and can be referred to as an active time.
Now the average of T(CO) for the N period can be computed using the same

method as the average for T(CO, Pmax):
Average T(CO,N) = a*Average T(CO, N-1)+ (1-a)"T(CO0).

Average T (CO, N) thus represents the average active time of all cores, and Average
T (CO,Pmax, N) represents the average time for all cores when they are active and

are the highest P-state.

[0030] Atthe highest performance point, both averages will become very close to
each other. Thus the detector may determine an optimal switch point between

performance and non-performance policies in part in accordance with the following:
Detector Ratio = Average T(CO,Pmax,N)/Average T(CO,N).

If the detector ratio is very close to 1 (e.g., between approximately 80% and 100%),
then a switch to a performance policy can be performed. If instead the detector ratio
is well below 1, then a switch to a non-performance policy can be made (either to a

power saver or balanced policy, based on user configuration).

[0031] To ensure that the algorithm is stable, high and low thresholds,
Threshold_High and Threshold_Low, can be defined. The detector thus determines
the operating point, which can be used to dynamically set the appropriate policy. If
the detector ratio is greater than Threshold_High, the policy is set to a performance
policy. If the detector ratio is less than the Threshold_Low, the Policy is set to a non-

performance policy, e.g., one of a power saver or balanced policy. Alternately, an
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OS or other software can also be given the flexibility of choosing Threshold_High

and Threshold_Low values.

[0032] FIG. 3 is a block diagram of a dynamic switching architecture in accordance
with one embodiment of the present invention. As seen in FIG. 3, a dynamic policy
switcher 200, which can be implemented within circuitry of a PCU, in one
embodiment, can be used to determine an amount of time during an evaluation
interval that a processor is in various states, compare the durations in a given
manner, and based at least in part on the comparison and optionally a threshold
determine a power management policy to be applied duri'ng a next operation interval,
which in some embodiments can correspond to a next evaluation 'interval. As seen,
switcher 200 receives information regarding state changes to one or more cores of
the processor. Upon any such state change, values of a maximum performance
éccumulator 210 and an active state accumulator 220 can be updated to maintain a
sum of the total duration of an evaluation interval in which the processor cores are in
the given state. As seen, this information can be provided to an accumulator
sampler 230, which may sample the values from the accumulators according to a
predetermined "interval, e.g., every millisecond. At the same time, the sampler can
cause the accumulator values to be reset in order to begin accumulating for a next

evaluation interval.

[0033] Sampler 230 provides a time duration in which the processor was in a
maximum performance state during the evaluation interval to a moving average
maximum performance processor 240. In addition, sampler 230 'provides an active
state value corresponding to a duration of time during the evaluation interval that the
cores of the processor were in an active state to a moving average active state
processor 250. As seen, these processors may further receive an alpha value,

details of which will be discussed further below.

[0034] Based on this information, these processors can generate moving averages,
which can be an average of the sampler outputs over a number of evaluation
intervals. For example, although the scope of the present invention is not limited in
this regard in some embodiments the moving average can be formed of evaluation

intervals between approximately 5 milliseconds and 100 milliseconds. Thus these
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average duration values can be provided to a comparator and threshold detector
260. First, a ratio can be determined that corresponds the amount of time in a
maximum performance state to the total time in an active state. This ratio can then
be compared to one or more thresholds. Based on this comparison, a power
management policy can be selected that can be the .same as for the previous
evaluation interval, or can be a dynamic switch, e.g., from a non-performance policy
to a performance policy or vice-versa. Further details of the actual calculations

performed will be described further below.

[0035] In various embodiments, maximum active state accumulator 210 generates
the sum of total time spent in (CO, Pmax) state across all cores. This accumulator
can be implemented in an event handler that is triggered every time there is a
change in C-state and/or P-state of any core. The event handler maintains two
variables, an entry time stamp per core for the (CO, Pmax) state and a state mask
that represents whether a particular core was in the (CO, Pmax) state the last time
the event handler was called. When the event handler is called, it loops across all
cores and computes a current state mask. It compares the current state mask with
the last state mask and detects w.hether a particular core exited (CO, Pmax) state or
entered (CO, Pmax) state or remained in the same state as before. When an exit is
detected from (CO, Pmax) state, the entry time stamp is subtracted from the current
time stamp and the resulting value is added into the T (CO, Pmax) accumulator. If an
entry into (CO, Pmax) is detected, then the current time stamp is stored in the last
time stamp for that core. When these actions are completed across all cores, the

accumulator contains the latest value of T (CO, Pmax).

[0036] In various embodiments, active state accumulator 220 generates the sum of
total time spent in (CO) state across all cores. This accumulator can similarly be
implemented in an event handler that is triggered every time there is a change in C-
state and/or P-state of a core. The event handler maintains two variables, an entry
time stamp per core for the (CO) state and a state mask that represents whether a
particular core was in the (CO) state the last time event handler was called. When
the event handler is called, it loops across all cores and computes a current state

mask. It compares the current state mask with the last state mask and detects
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whether a particular core exited (CO) state or entered (CO) state or remained in the
same state as before. When an exit is detected from the (CO) state, the entry time
stamp is subtracted from the current time stamp and the resulting value is added into
the T(CO) accumulator. If an entry into (CO) is detected, then the current time stamp
is stored in the last time stamp for the core. When these actions are completed

across all cores, the accumulator contains the latest value of T(CO).

[0037] In one embodiment, accumulator sampler 230 can sample the accumulators
once every 1ms. This sampling rate may be adjusted based on a desired response
time. Once the accumulators aré sampled, they can be reset to zero to allow
accumulation for the next evaluation period. The sampled values can be stored into
a given storage area such as a pair of registers to store T (CO, Pmax, N) and T (CO,

N) respectively.

[0038] In turn,l processors 240 and 250 perform an exponential moving average
calculation by updating the average values using the latest sampled inputs of T(CO,
Pmax, N) and T(CO,N). Processors 240 and 250 can generate the average
immediately after the accumulator sampler generates the sampled values at the
same rate (e.g., once every 1ms), and thus can generate average T (CO, Pmax) and

average T (CO).

[0039] Inturn, a comparator 260 can be executed responsive to receipt of the
average values. In comparator 260 a ratio of average T(CO, Pmax) and Average
T(CO) can be computed. This ratio can then be compared to high and low
thresholds. From this comparison, as described above a final determination of the

operative policy can be generated.

[0040] Although the analysis with regard to determining durations in'maximum
performance and active states are described with reference to the circuit of FIG. 3
and the following discussion of the flowchart of FIG. 4, understand that
determinations with regard to these durations can be made in other manners in
different embodiments. Referring now to FIG. 4, shown is a flow diagram of a
method of determining time in maximum performance and active states in

accordance with an embodiment of the present invention. Method 300 can be
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implemented in circuit 200 of FIG. 3 in some embodiments. As seen, the method
begins by determining whether a change in a power or performance state of at least
one core has occurred (diamond 310). This can be determined by receiving a
request for such a state change in a PCU or other power controller. From this
information with regard to the updated states of the different processors, current
state masks can be generated (block 320). Note that there can be multiple state
masks, namely one with regard to maximum performance state and one with regard
to active state. These masks can be compared to previous state masks at block
325. In this way it can be determined whether a given core's state has changed
since the last execution of method 300. Accordingly, for each core of a multicore

processor a loop beginning at diamond 330 can be performed.

[0041] At diamond 330 it can be determined whether a change in a given core's
state has occurred. If so control passes to diamond 335 where it can be determined
whether this state change is an exit from the maximum performance and/or active
states. If so, control passes to block 350 where the length of the core's residency in
the maximum performance state and/or the active state can be determined. As will
be discussed further, this determination can be based on time stamp information in
some embodiments. This determined value then may be accumulated in the
corresponding accumulator at block 360. Control then passes to diamond 365
where it can be determined whether additional cores are to be analyzed. If so,
control passes to block 370 where the core number can be incremented and control
passes back to diamond 330 discussed above. Note further that if no change in a
given core state is determined at diamond 330, the same incrementing of cores can

be done at block 333 with control passing also to diamond 330.

[0042] sitill referring to FIG. 4 otherwise if no exit for the core is determined, control
passes to diamond 340 where it can be determined whether an entry to a maximum
performance and/or active state has occurred. If so, control passes to block 345
where a current time stamp can be recorded for the corresponding core to indicate

this entry time. Control passes to diamond 365 as above.

[0043] Once the state of all of the cores has been determined and the various

values updated accordingly, control passes to block 380 where the accumulators can
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be sampled to obtain the maximum performance residency value and the active
state residency value. Control then passes to block 390 where from these values
averages, e.g., moving averages, of the maximum performance residency and the
active state residency can be generated. In one embodiment, these values can then
be used to determine a ratio between them, and from which a given power
management policy selection can be made. Although shown with this specific
implementation in the embodiment of FIG. 4, understand the scope of the present

invention is not limited in this regard.

[0044] Referring now to Table 1 shown is an accumulator algorithm pseudocode in

accordance with one embodiment of the present invention.

Table 1

Bit Vector Last CO_Mask[Num_Cores];

Bit Vector Last COPmax_Mask[Num_Cores];
Bit Vector Current_C0_Mask[Num_Cores];.

Bit Vector Current._ COPmax_Mask[Num_Cores];
Array Last CO_Time_Stamp[Num_Cores];
Array Last COPmax_Time_Stamp[Num_Cores];
T_COPmax_Accumulator;

T_CO_Accumulator;

Current_Time_Stamp;

On (P-State or C-State change):

/ISample current time stamp
Current_Time_Stamp = Read_TSC()

/[Capture current state masks

For (i=1; i<=Num_Cores; i++) {

If( current_state = CO), Current_C0_Mask[i] =1

If (current_state = coand P-state =Pmax), Current_ COPmax_Mask[i]=1}
/[Compare with previous state, update CO.Pmax accumulator

For(i=0; i<= Num_Cores;i++) {

If( Current_COPmax_Mask[i] = 1and Last COPmax_Mask[i] =0)
/[Entry into COPmax

{
Last COPmax_Time_Stampl[i] = Current_Time_Stamp}
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Else if( Current COPmax_Mask][i] =0 and Last_ COPmax_Mask[i] =1)
/I Exit from COPmax

{T_COPmax_AccumuIator += Current_Time_Stamp -

Last COPmax_Time_Stampli]}

Else if( Current._COPmax_Mask[i]=1 and Last COPmax_Mask[i]=1)
/[Continuing in COPmax

{

T_COPmax_Accumulator += Current_Time_Stamp-
Last COPmax_Time_Stampli]

Last COPmax_Time_Stamp[i] = Current_Time_Stamp}

}

/[Compare with previous state, update c O accumulator
For(i=0; i<= Num_Cores;i++) {

If( Current_CO_Mask[i] = 1and Last_CO_Mask][i] =0)
/[Entry into CO

{

Last CO_Time_Stamp[i] = Current_Time_Stamp}

Else if( Current_CO_Mask[i] =0 and Last CO_Mask]i] =1)
/I Exit from coO

%’_CO_AccumuIator += Current_Time_Stamp - Last CO_Time_Stamp]i]}
Else if( Current_CO_Mask[i]=1 and Last_CO_Mask]i]=1)
/[Continuing in CO

%’_CO_AccumuIator+=Current_Time_Stamp—Last_CO_Time_Stamp[i]

Last CO_Time_Stamp[i] = Current_Time_Stamp}

[8045] In one embodiment, the dynamic loadline tuning a‘Igori'thm has three tunable
parameters. Alpha, threshold high and threshold low. In some embodiments, these
values can be tuned in a system with real workloads, which can run at different
utilizations based on these values to ensure that switching happens at maximum

performance.

[0046] Using embodiments of the present invention, an end user can realize
reduced power consumption at low utilizations and more specifically, the end user
~can choose a preferred tuning policy at low/medium utilization, namely a tuning that

maximizes the power savings for a target utilization. At high utilization, the

processor can dynamically and automatically switch to a performance policy, thus
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preventing any performance loss. Accordingly, the processor can dynamically detect

utilization and switch a power/performance policy dynamically based on utilization.

[0047] In this way, a user who previously used a performance policy can realize
power savings for a typical usage (e.g., low/medium utilization) by choosing a power

saver or balanced mode without being concerned about losing peak performance.

[0048] Embodiments can be implemented in processors for various markets »
including server processors, desktop processors, mobile processors and so forth.
Referring now to FIG. 5, shown is a block diagram of a processor in accordance with
an embodiment of the present invention. As shown in FIG. 5, processor 400 may be
a multicore processor including a plurality of cores 410, - 410_. In one embodiment,
each such core may be of an independent power domain and can be configured to
enter and exit active states and/or maximum performance states based on workload.
The various cores may be coupled via an interconnect 415 to a system agent or
uncore 420 that includeé various components. As seen, the uncore 420 may include
a shared cache 430 which may be a last level cache. In addition, the uncore may
include an integrated memory controller 440, various interfaces 450 and a power

control unit 455.

[0049] In various embodiments, power control unit 455 may include a dynamic
policy switching logic 459, which may be a logic to perform dynamic switching of a
power management policy based on processor utilization. As further seen, various
registers or other storages can be present and accessed by the logic. Specifically,
state mask storage 456 can store masks associated with the actjve state and the
maximum performance state, including a current and previous state mask for each
state, each having an indicator for each core to indicate whether the core is in the
corresponding state. In addition, residency counters (not shown in FIG. 5) can be
present to store the accumulated values, which may be generated based on time
stamp information in a time stamp storage 457 which can store an entry time for a
given state per core, and a time stamp counter 458 which may be a counter to

maintain a current system time stamp value.
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[0050] With further reference to FIG. 5, processor 400 may communicate with a
system memory 460, e.g., via a memory bus. In addition, by interfaces 450,
connection can be made to various off-chip components such as peripheral devices,
mass storage and so forth. While shown with this particular implementation in the

embodiment of FIG. 5, the scope of the present invention is not limited in this regard.

[0051] Referring now to FIG. 6, shown is a block diagram of a multi-domain
processor in accordance with another embodiment of the present invention. As
shown in the embodiment of FIG. 6, processor 500 includes multiple domains.
Specifically, a core domain 510 can include a plurality of cores 5100-510n, a
graphics domain 520 can include one or more graphics engines, and a system agent
domain 550 may further be present. In various embodiments, system agent domain
550 may execute at a fixed frequency and may remain powered on at all times to
handle power control events and power management such that domains 510 and
520 can be controlled to dynamically enter into and exit low power states. Each of
domains 510 and 520 may operate at different voltage and/or power. Note that while
only shown with three domains, understand the scope of the present invention is not
limited in this regard and additional domains can be present in other embodiments.
For example, multiple core domains may be present each including at least one

core.

[0052] In general, each core 510 may further include low level caches in addition to
various execution units and additional processing elements. In turn, the various
cores may be coupled to each other and to a shared cache memory formed of a
plurality of units of a last level cache (LLC) 540,- 540,. In various embodiments,
LLC 540 may be shared amongst the cores and the graphics engine, as well as
various media processing circuitry. As seen, a ring interconnect 530 thus couples
the cores together, and provides interconnection between the cores, graphics
domain 520 and system agent circuitry 550. In one embodiment, interconnect 530
can be part of the core domain. However in other embodiments the ring interconnect

can be of its own domain.

[0053] As further seen, system agent domain 550 may include display controller

552 which may provide control of and an interface to an associated display. As
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further seen, system agent domain 550 may include a power control unit 555 which
can include a dynamic policy switching logic 559 in accordance with an embodiment
of the present invention to dynamically control an active power management
providing for a system based on a processor utilization, e.g., using information
obtained from a policy management storage 557. In various embodiments, this logic

may execute the algorithms described above in FIGS. 1,2 and 4.

[0054] As further seen in FIG. 6, processor 500 can further include an integrated
memory controller (IMC) 570 that can provide for an interface to a system memory,
such as a dynamic random access memory (DRAM). Multiple interfaces 580, - 580,
may be present to enable interconnection between the processor and other circuitry.
For example, in one embodiment at least one direct media interface (DMI) interface
may be provided as well as one or more Peripheral Component Interconnect
Express (PCI Express™ (PCle™)) interfaces. Still further, to provide for
communications between other agents such as additional processors or other
circuitry, one or more interfaces in accordance with an Intel® Quick Path
Interconnect (QPI) protocol may also be provided. Although shown at this high level
in the embodiment of FIG. 6, understand the scope of the present invention is not

“limited in this regard.

[0055] Embodiments may be implemented in many different system types.
Referring now to FIG. 7, shown is a block diagram of a system in accordance with an
embodiment of the present invention. As shown in FIG. 7, multiprocessor system
600 is a point-to-point interconnect system, and includes a first processor 670 and a
second processor 680 coupled via a point-to-point interconnect 650. As shown in
FIG. 7, each of processors 670 and 680 may be multicore processors, including first
and second processor cores (i.e., processor cores 674a and 674b and processor
cores 684a and 684b), although potentially many more cores may be present in the
processors. Each of the processors can include a PCU or other logic to perform
dynamic control of power management policy based on processor utilization, as

described herein.

[0056] Still referring to FIG. 7, first processor 670 further includes a memory
controller hub (MCH) 672 and point-to-point (P-P) interfaces 676 and 678. Similarly,
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second processor 680 includes a MCH 682 and P-P interfaces 686 and 688. As
shown in FIG. 7, MCH's 672 and 682 couple the processors to respective memories,
namely a memory 632 and a memory 634, which may be portions of system memory
(e.g., DRAM) locally attached to the respective processors. First processor 670 and
second processor 680 may be coupled to a chipset 690 via P-P interconnects 652
and 654, respectively. As shown in FIG. 7, chipset 690 includes P-P interfaces 694
and 698.

[0057]. Furthermore, chipset 690 includes an interface 692 to couple chipset 690
with a high performance graphics engine 638, by a P-P interconnect 639. In turn,
chipset 690 may be coupled to a first bus 616 via an interface 696. As shown in FIG.
7, various input/output (1/0O) devices 614 may be coupled to first bus 616, along with
a bus bridge 618 which couples first bus 616 to a second bus 620. Various devices
may be coupled to second bus 620 including, for example, a keyboard/mouse 622,
communication devices 626 and a data storage unit 628 such as a disk drive or other
mass storage device which may include code 630, in one embodiment. Further, an
audio 1/0 624 may be coupled to second bus 620. Embodiments can be
incorporated into other types of systems including mobile devices such as a smart

cellular telephone, tablet computer, netbook, ultrabook, or so forth.

[0058] FIG. 8 is a block diagram of a system coupled with point-to-point (PtP)
system interconnects in accordance with a given cache coherence protocol using
QPI links as the system interconnect. In the embodiment shown, each processor
710 is coupled to two PtP links 725 and includes one instance of an integrated
memory controller 715 that in turn is coupled to a corresponding local portion of a
system memory 720. Each processor can perform dynamic switching between
different power management policies as described herein. The processors are
connected to an input/output hub (IOH) 730 using one link and the remaining link is

used to connect the two processors.

[0059] Referring now to FIG. 9, shown is a block diagram of a system in
accordance with another embodiment of the present invention. As shown in FIG. 9,
system 800 may be a partially connected quad processor system in which each

processor 810 (each of which may be multicore multi-domain processors) is coupled
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to each other processor via a PtP link and is coupled to a local portion of memory
(e.g., dynamic random access memory (DRAM)) 820 via a memory interconnect
coupled to an integrated memory controller 8 15 of the corresponding processor. In
the partially connected system of FIG. 9, note the presence of two IOHs 830 and 840
such that processors 810y and 810, are directly coupled to IOH 830 and similarly

processors 810, and 810, are directly coupled to IOH 840.

[0060] Embodiments may be implemented in code and may be stored on a non-
transitory storage medium having stored thereon instructions which can be used to
program a system to perform the instructions. The storage medium may include, but
is not limited to, any type of disk including floppy disks, optical disks, solid state
drives (SSDs), compact disk read-only memories (CD-ROMSs), compact disk
rewritables (CD-RWSs), and magneto-optical disks, semiconductor devices such as
read-only memories (ROMs), random access memories (RAMSs) such as dynamic
random access memories (DRAMS), static random access memories (SRAMS),
erasable programmable read-only memories (EPROMSs), flash memories, electrically
erasable programmable read-only memories (EEPROMS), magnetic or optical cards,

or any other type of media suitable for storing electronic instructions.

[0061] While the present invention has been described with respect to a limited
" number of embodiments, those skilled in the art will appreciate numerous
modifications and variaﬁons therefrom. It is intended that the appended claims cover
all such modifications and variations as fall within the true spirit and scope of this

present invention.
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What is claimed is:

1. An apparatus comprising:

a multicore processor including a plurality of cores and a power controller, the
power controller including a logic to dynamically update a power management policy
for a system including the multicore processor from a power saving biased policy to
a performance biased policy when a utilization of the multicore processor exceeds a

threshold level.

2. The apparatus of claim 1, wherein the logic is to dynamically tune a loadline
from the power saving biased policy to the performance biased policy when a ratio of
a duration of a maximum performance state residency of the plurality of cores during
an evaluation interval to a duration of an active state residency of the plurality of

cores during the evaluation interval exceeds the threshold level.

3. The apparatus of claim 1, wherein a user is to select the power saving biased

policy from a plurality of possible power saving biased policies.

4. The apparatus of claim 3, wherein the multicore processor is to dynamically
and automatically switch from the selected power saving biased policy to the

performance biased policy when the utilization exceeds the threshold level.

5. The apparatus of claim 4, wherein the multicore processor is to dynamically
and automatically switch from the performance biased policy to the selected power
saving biased policy when the utilization is less than a second threshold level, the

second threshold level less than the threshold level.

6. The apparatus of claim 2, wherein the logic includes a dynamic loadline
tuning circuit comprising:
a maximum performance accumulator to accumulate the maximum

performance state residency during the evaluation interval;
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an active state accumulator to accumulate the active state residency during
the evaluation interval; and
an accumulator sampler to sample the maximum performance accumulator

and the active state accumulator.

7. The apparatus of claim 6, wherein the dynamic loadline tuning circuit further
comprising:
a comparator to compare the ratio to at least one of the threshold level and a

second threshold level.

8. The apparatus of claim 7, wherein the dynamic loadline tuning circuit is to
update the power management policy to the performance biased policy when the

ratio is greater than the threshold level.

9. The apparatus of claim 6, fdrther comprising a first active state mask to store
a state of the plurality of cores at a first time period and a second active state mask
to store a state of the plurality of cores at a second time period, and wherein the
active state accumulator is to accumulate the active state residency based at least in

part on the first and second active state masks and time stamps each associated

with one of the plurality of cores and a current time stamp.

10. A method comprising:

determining an active state residency for a plurality of cores of a multicore
processor during an evaluation interval,

determining a maximum performance state residency for the plurality of cores
during the evaluation interval; 4

determining a ratio between the maximum performance state residency and
the active state residency; and

setting a power management policy based at least in part on the ratio.

11. The method of claim 10, further comprising if the ratio is greater than a high

threshold, setting the power management policy to a performance policy.
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12.  The method of claim 11, further comprising if the ratio is less than a low

threshold, setting the power management policy to a power saving policy.

13. The method of.claim 12, further comprising if the ratio is between the high and

low thresholds, maintaining a current power management policy.

14.  The method of claim 12, further comprising dynamically updating the power-
management policy from the power saving policy to the performance policy when a

utilization of the multicore processor exceeds a threshold.

15.  The method of claim 14, further comprising dynamically updating the power
management policy automatically via a logic of a power controller of the multicore

processor.

16. A system comprising:

a multicore processor including a plurality of cores and a power controller
including a logic to dynamically switch a power management policy for the multicore
processor from a power biased policy to a performance biased policy when a
utilization of the multicore processor exceeds a threshold level; and

a dynamic random access memory (DRAM) coupled to the multicore

processor.

17.  The system of claim 16, wherein the logic is to determine an active state
residency for the plurality of cores and a maximum performance state residency for
the plurality of cores during an evaluation interval, compare the maximum
performance state residency to the active state residency, and dynamically switch

the power management policy based at least in part on the comparison.

18.  The system of claim 17, wherein the logic is to store a first active state mask
to identify a state of the plurality of cores at a first time and a second active state
mask to identify a state of the plurality of cores at a second time, and wherein the
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logic is to determine the active state residency based at least in part on the first and
second active state masks, time stamps each associated with one of the plurality of

cores and a current time stamp.

19. The system of claim 18, wherein the logic is to store a first performance state
mask to identify a performance state of the plurality of cores at the first time and a
second performance state mask to identify a performance state of the plurality of
cores at the second time, and wherein the logic is to determine the maximum
performance state residency based at least in part on the first arid second

performance state masks, the time stamps and the current time stamp.

20.  The system of claim 17, wherein the logic is to accumulate the active state
residency and the maximum performance state residency for a plurality of evaluation
intervals to obtain an average active state residency and an average maximum
performance state residency, to determine a ratio between the average maximum
performance state residency and the average active state residency, and to

dynamically switch the power management policy based at least in part on the ratio.



PCT/US2012/069592

WO 2013/090637

1/9

L "OId

oy

-

indybnouy |

lamod




WO 2013/090637 PCT/US2012/069592
100
Determine Amount Of Time Cores Of
Multicore Processor Spend In Maximum
110 Performance State During Evaluation Interval
Determine Amount Of Time Cores Of
Multicore Processor Spend In Active
120 State During Evaluation Interval
Determine Ratio Of Maximum Performance
State Duration To Active State Duration
130
Is
Ratio Greater Yes
Than High
140 hreshold?
Set Power
Management
Policy To
Performance
Poli
Is olicy
Ratio Less N
Than Low 150
hreshold?
160
Set Power
Maintain Management
Current Policy To Non-
170 Policy Perforr_nance 180
Policy

FIG. 2



PCT/US2012/069592

WO 2013/090637

3/9

¢ Old

eyd)y

0S¢
10853201
ajels |y
abelany
Buinopy

—
Aoljod 1euly

09¢
Jo09)8Qg
Ploysaiy
puy
Jojesedwo)

ove
10$$9201d
aoueuwlIopad
wnuwixep
abelany
Buinopy

T(CO,N)

eydyy

T(CO, Pmax, N)

0€¢
J9|dweg
Jole|nuinooy

02¢
10je|nWNay

ajels anoy

0l¢
Joje[nwnNooy
aouBWIONad
wnwixey

N —
uoljen|en-ay

elS-d uo

——

O
N



WO 2013/090637 PCT/US2012/069592
300
In Power Or
Performance State Of At
Least One
Core?
Yes
Generate Current State Masks
320 l
A Compare To Previous State Masks
325
Change
In Core X
State?
) Increment 330 ;
es
33% Core
Exit
From Maximum
Performance And/Or
Active
State?
To Maximum Yes
Performance Determine Length Of Increment
Stat: ?”dlor Maximum Performance State Core
clive Residency/Active State
340 \State? ! YAV 350 \370
Yes
Store Current Accumulate In.
Time Corresponding Accumulator |\
360
Stamp As Entry R
Time
7 Additional Yes
345
Cores?
Sample Accumulators To Obtain Maximum Performance
380/ Residency And Active State Residency
Generate Averages Of Maximum Performance
% o/ Residency And Active State Residency

FIG. 4



PCT/US2012/069592

WO 2013/090637

5/9

G Ol

09y
ca AN
(33 Kowapy
4 21607 Buiyoums . walsAg
Adijod olweuiqg Gt
_ 19uno) dwejs awi) _\wmv uosv B0SY [1]%%
Ocy [ ebeiojs dwejg owy  |-4SY dl Al NI | et
mu.”_omn”._._ [ ebeio)s ysep aels }-9SY >
n SGP hun [043U0D Jamod
0gv
Sy ayoen paseys
21601 HOly []57 e0l%
) 8100 210D 2109
8109
0] 2




o
o
o

WO 2013/090637 PCT/US2012/069592
IF IF
5809 580,
PCU System
555 ol Agent
fe1ele) olicy @
DPSL Management
559 Storage
557
Display Controller IMC
552 570
__-530
-
Core LLC
510, 540,
Core LLC
510 <
Core LLC
Core LLC
510n 540n
A\
Graphics Engine
520

FIG. 6



PCT/US2012/069592

WO 2013/090637

3000 {
[~ — ——
T 0€9 59 44
JOVHOLS V1Va s S30IA30 WNOD ISNOW / QYYOTAIN
— :
[74] 719 819
o/l olany $301A30 O/l 390148 Sng
— ' ‘ ‘
919 369 765
I n 6€9
8€9
o _ —1/
~ . 869 065 69 SOIHdYYO
dd 13SdIHD dd 4434-HOIH
ve9 L « %L F
939 889 |4V 39 99
d-d d-d d-d d-d
059
[7%] 289 » 9 €9
AYOWIW HOW e 55 HOW AHOWIW
3400
"00¥d
089 075
¥0SS300Ud JOSS$IO0Ud
A \ 7
a89 ap19

009

L9ld



PCT/US2012/069592

WO 2013/090637

8 Old
\ HOI
/
O/u sel 0€L sz/
0 0)
qQoLL e0L/
LJossadold | \ plossaodoid V7
)l GcL _ ON _
esl.
qozs : a5 e0Z.
N Fousi ] [Rowsny ¥

o
N~



PCT/US2012/069592

WO 2013/090637

9/9

[Hoowem |

€018

glossaoold f

1018

1 10SS9001d [

6 Old
0v8
N HOI
\ [ Kowspy |
LW || 2500
- ) ziosssooig /
00l8
y plossao01d 4
/ i
_ Rowsy _
e
A o 0z8
oeg |
008



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2012/069592

A. CLASSIFICATION OF SUBJECT MATTER

GO6F 1/32(2006.01)i, GO6F 1/26(2006.01)i

According to International Patent Classification (IPC) or to both nationa classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6F 1/32; GO6F 11/30; GO6F 1/30; GO6F 1/26; GO6F 1/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO

internal) & Keywords: dynamic, utilization, trade off, power, performance, and energy

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y SATO, TOCHINORI et al., “Dependability, power, and performance trade-off on 1,16
a multicore processor," Proceedings of the 2008 Asia and South Pacific
Design Automation Conference, pp. 714-719, March 2008
A See section 11l and figures 4-5. 2-15,17-20
Y US 2010-0169692 Al (BURTON, EDWARD) 01 July 2010 1,16
See abstract, paragraphs [0018], [0023], [0027] and figure 3.
A BENINI , LUCA et al., "Policy optiniztion for dynanmic power nanagement, 1-20
| EEE transactions on conputer-aided design of integrated circuits and
systens, Vol. 18, No. 6, pp. 813-833, June 1999
See pp. 814-815.
A US 2003-0009701 Al (KUROSAWA, HI SAYCSHI) 09 January 2003 1-20
See abstract, claims 1-2, paragraphs [0014]-[0016] and figure 4.
A US 7272730 Bl (ACQUAVI VA, ANDREA et al.) 18 September 2007 1-20
See abstract, claim 1 and colum 1, line 59 - colum 2, line 17.
A US 7702937 B2 (OH, JANG GEUN et al.) 20 April 2010 1-20
See abstract, colum 2, line 62 - colum 3, line 11 and figures 1, 3.

|:| Further documents are listed in the continuation of Box C.

|X| See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which isnot considered
to be of particular relevance

"E" earlier application or patent but published on or &fter the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P'  document published prior tothe international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document istaken aone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to aperson skilled in the art

document member of the same patent family

e

ey

ng"

Date of the actual completion of the international search

29 April 2013 (29.04.2013)

Date of mailing of the international search report

30 April 2013 (30.04.2013)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
] 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan
L City, 302-70 1, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer
KIM, Byoung Sung

Telephone No.  82-42-481-8403

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/069592

Patent document Publication Patent family Publication

cited in search report date member(s) date

us 2010-0 169692 A1 01.07.2010 us 2007-0260899 Al 08.11.2007
Us 7636864 B2 22 .12, 2009
Uus 8402294 B2 19.03.2013

us 2003-000970 1 A1 09.01.2003 cN 1194280 co 23.03. 2005
cN 1372659 Ao 02. 10,2002
EP 1282030 Al 05.02. 2003
EP 1282030 A4 24. 01.2007
JP 200 1-318742 A 16. 11.2001
wo 01-86401 Al 15.11.2001

us 7272730 Bi 18 .09.2007 None

us 7702937 B2 20.04.2010 KR 10-0361340 Bl 05. 12, 2002
KR 10-2001-0 104557 A 26.11.2001
us 200 1-0044909 Al 22.11.2001
us 2007-01069 17 Al 10.05. 2007
us 2010-0185885 Al 22.07.2010
Us 7131016 B2 31. 10. 2006

Form PCT/ISA/210 (patent family annex) (July 2009)



	abstract
	description
	claims
	drawings
	wo-search-report

