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1
DYNAMIC SYSTEM POWER LOAD
MANAGEMENT

BACKGROUND

The generators and loads in an electrical power network
are often connected through distribution units and a trans-
mission network, with the generators operating in parallel to
continuously supply power loads through networks of trans-
mission lines (e.g., the electric grid). Electrical energy
balance between generation and consumption is important
for power system operation. To accommodate changes in
power demand, the power system is equipped with power
generation and flow control devices throughout the trans-
mission network and the generators (e.g., an excitation
system, governor, and regulating transformers). These
devices help to maintain voltage, frequency and other sys-
tem variables within values defined by conventional power
generation standards.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its
numerous features and advantages made apparent to those
skilled in the art by referencing the accompanying drawings.
The use of the same reference symbols in different drawings
indicates similar or identical items.

FIG. 1 is a block diagram of a computing system imple-
menting dynamic system power load management in accor-
dance with some embodiments.

FIG. 2 is a block diagram of an example of a graphics
processing unit for utilizing dynamic system load power
management in smoothing system power usage in accor-
dance with some embodiments.

FIG. 3 is a plot of power drawn by a processing device as
a function of time during execution of target power work-
load in accordance with some embodiments.

FIG. 4 is a flow diagram of a method for performing
dynamic system load power management in accordance with
some embodiments.

DETAILED DESCRIPTION

As the scale of datacenter and high-performance comput-
ing (HPC) system workloads grows, rapid or large variations
in power load begin to impact the stability of energy
systems. Full-scale workloads, such as workloads used in
machine learning training applications, sometimes include
periods of heavy power loads on devices followed by
periods where the same devices are idle. For example,
parallel computing workloads often include periods of syn-
chronized high-powered computation (on the order of sec-
onds) and low-powered communication of computed results
(on the order of seconds). These system-wide power swings
(which can be on the magnitude of megawatts power over
the course of a few seconds of time or fractions of a second)
resulting from rapid changes in power demand risk damag-
ing local power transformers, system circuitry, and also
up-stream power transformers and generators.

To address these problems and to enable improved system
performance, FIGS. 1-4 describe systems and methods for
reducing power variations resulting from changes in pro-
cessor workload to ensure the power load demanded by a
large-scale computing system (e.g., and HPC system) has
less variation over time. In various embodiments, methods
of system power load management include monitoring, by a
power monitor of a processor device, of a power draw by the
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processor device. A condition signal is communicated to a
workload scheduler after the power monitor determines,
based on monitoring the power draw, that a power dip
condition exists. The workload scheduler assigns, based at
least in part on the power dip condition signal, one or more
target power workloads for execution at the processor
device. Each of the one or more target power workloads is
a precompiled kernel for execution at a known power load.
In this manner, the processor device itself smooths out
potentially damaging high frequency variations in power use
by leveraging existing processor hardware structures, with-
out additional circuitry design changes, and without changes
to the structure of productive workloads.

FIG. 1 illustrates a block diagram of one embodiment of
a computing system 100 implementing a dynamic system
power load management in accordance with some embodi-
ments. In some embodiments, the computing system 100 is
a distributed computing system includes multiple computing
devices 102, 104, and 106 (e.g., servers, mobile devices, and
the like) that are connected to each other via a communi-
cation network 108. Each of the computing devices 102-106
includes processing and memory storage capabilities. In one
embodiment, the computing system 100 is contained within
a single physical enclosure, and the communication network
108 is a bus or system interconnect connecting the comput-
ing devices 102-106 within the enclosure. For example, in
various embodiments, the computing devices 102-106
includes processing units such as graphics processing units
(GPUs), central processing units (CPUs), field program-
mable gate arrays (FPGAs), and the like on the same board
or on separate carrier boards that are connected to each other
via a backplane. In some embodiments, the system 100 is a
heterogeneous system including multiple different process-
ing units (which may be CPUs, GPUs, ASICs, and the like).

In some embodiments, the components in the computing
system 100 are contained in separate physical enclosures
and are geographically distributed. For example, in various
embodiments, the computing devices 102-106 represent
individual servers, personal computers, mobile devices, etc.
that are connected to each other via a wide-area network
(WAN) such as the Internet, a local-area network (LAN),
wireless network, or other communication network 108. In
one embodiment, the computing devices 102-106 represent
the same type or similar types of devices; alternatively, the
computing devices 102-106 are different types of devices. In
various embodiments, to support execution of instructions
for graphics and other types of workloads, the computing
system 100 also includes a host processor 110, such as a
central processing unit (CPU). In various embodiments,
each of computing devices 102-106 includes one or more
processors such as a parallel processor (e.g., vector proces-
sors, graphics processing units (GPUs), general-purpose
GPUs (GPGPUs), non-scalar processors, highly-parallel
processors, artificial intelligence (Al) processors, inference
engines, machine learning processors, other multithreaded
processing units, and the like). It is noted that the number of
components of computing system 100 vary in some embodi-
ments. It is also noted that in some embodiments computing
system 100 includes other components not shown in FIG. 1.
Additionally, in other embodiments, computing system 100
is structured in other ways than shown in FIG. 1.

As will be appreciated, there are numerous techniques for
dealing with power swings (e.g., di/dt-induced voltage
spikes and droops) at an individual board level and over
relatively short periods of time, including clock-stretchers to
deal with voltage droops, issue-rate limiting to prevent
current spikes, peak current control circuits to reduce fre-
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quency, and analog RL.C networks to smooth power input to
the chip. Such techniques generally work only on short time
granularities and at smaller-than-datacenter levels of scale.
However, rapidly varying power levels within seconds or
sub-second time frames, such as due to a job failing unex-
pectedly or due to low power regions of a computational run
(e.g., post-processing) introduces high frequency variations
from an otherwise high-power workload. Conventional
power management strategies such as installation of energy
storage devices (e.g., connecting a capacitor to the DC
supply or diverting excess power by pumping water up hill)
allows for filtering of power load variations for short peri-
ods. However, such mitigation strategies require large capi-
tal expenses and only works for narrow ranges of time
periods.

Conventionally, prevention of power spikes is achieved
by preventing a processor from reaching its maximum
frequency or not allowing workloads to use all the cores in
the processor until sufficient time has passed. However,
preventing power dips is a more difficult task for proces-
sors—if there is no work to do, there is a limit to how much
dynamic power a circuit can consume. Avoiding transitions
into sleep states only raises a minimum power consumed,
but may not result in the same active and idle power usage.
In addition, it is difficult to prevent large dips in power
consumption (resulting from dip in current as computations
end, causing voltage spikes) as even higher power states
cannot easily maintain a similar amount of dynamic power
usage as a fully loaded processor (e.g., having a 500 W GPU
board drawing maximum power for seconds or minutes after
the GPU chip becomes idle and stops processing productive
workloads would be difficult).

Accordingly, as described in more detail with respect to
FIGS. 2-4 below, in various embodiments, one or more of
the individual computing devices 102-106 utilizes a more
constant power load and reduces variation in power draw by
maintaining some minimum power usage, whether when the
processors are idle or when they are running some low-
power workloads. By forcing the processors on any indi-
vidual node in a full system to sit at an elevated power level
above idle for specified time periods, the devices are pre-
vented from moving to sleep states and their power sits at an
elevated level above that attained at awake-but-idle. It
should be recognized that although various embodiments are
described below in the particular context of a GPU for ease
of illustration and description, in various embodiments, the
concepts of executing power burn kernels for reducing
power variation is applicable to any processor without
departing from the scope of this disclosure. For example, in
various embodiments, the concepts described here is also
similarly applicable to other processors including acceler-
ated processing units (APUs), discrete GPUs (dGPUs),
artificial intelligence (Al) accelerators, other parallel pro-
cessors, central processing units (CPUs), and the like.

Referring now to FIG. 2, illustrated is a block diagram
illustrating dynamic system load power management for
smoothing system power usage at a GPU in accordance with
some embodiments. As shown, the GPU 202 includes a
command processor 204 that receives commands in a com-
mand stream from, for example, a corresponding device
driver (not shown) and coordinates processing within the
GPU 202. In various embodiments, the device driver
includes software, firmware, hardware, or any combination
thereof. In various embodiments, the device driver is imple-
mented entirely in software. The device driver provides an
interface and/or application programming interface (API)
for communications access to the GPU 202.
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The GPU 202 includes a plurality of compute units (CUs)
206 that are generally configured to execute sets of instruc-
tions (e.g., computer programs) that manipulate the circuitry
of the GPU 202 to carry out defined tasks. The CUs 206, a
set of fixed function units, or a combination thereof, execute
instructions concurrently or in parallel. In some embodi-
ments, the GPU 202 includes tens or hundreds of compute
units or fixed function units for executing instructions. In
various embodiments, the GPU 202 also includes a local
memory 208 (e.g., on-chip RAM) for storing register data,
storing workload code, and the like.

In various embodiments, the GPU 202 also implements
various system monitoring and power saving functions. In
particular, one system monitoring function is power usage
monitoring. For example, in some embodiments, the GPU
202 includes a microcontroller 210 such as a system man-
agement unit (SMU) that is configured for enforcing numer-
ous protection mechanisms (e.g., chip-wide and device
block thermal constraints, di/dt (rate of change of the charge
current (i) over time (t)) limits, voltage droop mitigation,
etc.), in addition to performing a plethora of dynamic
performance optimizations. Techniques for implementing
and operating SMU microcontrollers 210 are known in the
art and in the interest of clarity only those aspects of
implementing or operating the SMU microcontroller 210
that are relevant to the claimed subject matter are discussed
herein.

The SMU microcontroller 210 includes hardware and
firmware for managing and accessing system configuration
and status registers and memories, generating clock signals,
controlling power rail voltages, and enforcing security
access and policy for the GPU 202. The SMU 280 is a local
controller that synchronizes communication and controls
operations of resources at the GPU 202. In various embodi-
ments, the SMU microcontroller 210 includes one or more
clock sources not shown in FIG. 2, such as a phase locked
loop (PLL), to provide clock signals for components of the
GPU 202. The SMU microcontroller 210 also manages
power for various process, other functional blocks, assesses
workload characteristics to enable optimal allocation of
platform power, and in various embodiments receives mea-
sured power consumption values to determine appropriate
power states.

In various embodiments, a job scheduler (not shown) or
other management tool communicates a power floor and a
unit of time that the power floor should be maintained via a
system driver 212. The system driver 212 communicates the
power floor and unit of time information to the SMU 210
through a number of techniques such as memory-mapped
input/output (MMIO) or in-memory mailboxes. The SMU
microcontroller 210 monitors a power usage of the GPU 202
over a period of time (e.g., on a short granularity, such as a
millisecond or shorter). If the SMU 210 (or other power
monitoring firmware at the GPU 202) observes that power
utilized by the GPU 202 dips below the power floor over the
specified period of time (e.g., di/dt time rate of change of
current consumption, such as over a few milliseconds), the
SMU 210 notifies the command processor 204 of a power
dip condition via, for example, an on-device wire, message
routed over an on-chip SOC fabric, writing a signal into a
shared memory location, and the like.

The command processor 204, upon receiving a power dip
condition signal 212, launches target power workload(s) to
the CUs 206. As described in more detail below, target
power workloads are designed to burn predetermined, fixed
amounts of power to enable reaching and maintaining a
target power draw. As will be appreciated by those skilled in
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the art, in some embodiments, the GPU 202 should not
continue its previous workload that was running prior to the
SMU 210 detecting the power dip condition. Although the
previous workload may maintain a particular power level,
such computations risk generating unintended answers and
ruining the results of previous computations if intermingled.
Instead, the target power workloads produce meaningless
results that are discarded after serving their purpose of
performing dynamic work and causing the GPU 202 to
consume power. In other embodiments, the GPU 202 con-
tinues its previous workload that was running prior to the
SMU 210 detecting the power dip condition and the target
power workload runs on remaining space at the GPU 202
device at the same time. For example, in some devices, it is
possible to have multiple kernels on the device simultane-
ously, and the target power workload would only require the
original workload to leave if there is insufficient room on the
device to run the target power workload.

The system driver 212 communicates information regard-
ing one or more target power workloads including pre-
compiled kernels of known power load (such as double-
precision matrix-matrix multiplication (DGEMM) kernels)
and stores the target power workload code at the local
memory module 208 of the GPU 202. In various embodi-
ments, the system driver 212 reserves memory locations at
the local memory module 208 for storing that target power
workload code and further identifies commands that GPU
firmware (e.g., command processor 204) needs for running
target power workloads. The command processor 204 thus
knows an amount of power ‘burned’ (e.g., power consumed
performing kernels of target power workload at particular
voltage-frequency states). In various embodiments, the
device driver prepares a plurality of different kernels tuned
to various dynamic power usages. For example, in one
embodiment, the device driver includes five different kernels
of target power workload that are designed to burn 100 W,
200 W, 300 W, 400 W, and 500 W of power on the target
design of the GPU 202.

When the job scheduler (not shown) or management tool
communicates the power floor information to the driver 212,
the driver 212 communicates the power floor to the SMU
210. Additionally, the driver 212 informs the command
processor 204 of this new kernel that it should run to burn
power during idle scenarios to target particular power usage
levels. As will be appreciated, the target power workload
includes workload(s) that burn particular amounts of power
at various levels and generally only burn the required
amount of power at a particular voltage-frequency state. In
various embodiments, the SMU 210 instructs the GPU 202
to operate at that known power burn voltage-frequency point
when the SMU 210 notifies the command processor 204 to
begin processing target power workloads.

In some embodiments, the computational resources of the
GPU 202 (e.g., CUs 206) may be scheduled performing
low-power work for a particular time. In such circum-
stances, the GPU 202 would be unable to additional higher-
powered workloads such as the target power workload. To
prevent this, the command processor 204 is informed that it
is running in an environment where a power floor may be
needed in the future. In some embodiments, this notification
occurs when the power floor is communicated to the SMU
210. In other embodiments, this anticipated power floor
notification is communicated as a separate command (e.g.,
by the driver) at boot time or at some other point in time. The
command processor 204 (or other layers of the design such
as the ADC, SPI, or software stack) then limits a maximum
amount of work scheduled at the GPU 202 device to ensure
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that there is space to run power burn kernels, such as by
using CU masking, or through limiting the maximum num-
ber of VGPRs or wave slots available to user software when
in such an anticipated power floor scenario.

In various embodiments, after a pre-determined period of
time, the SMU 210 requests the command processor 204 to
stop the power-burn, target power workload (e.g., through
sending wave-kill commands), so that the SMU 210 is able
to reassess whether power usage again dips below the power
floor. In some embodiments, the system driver 212 defines
and communicates to the SMU 210 an amount of time that
the SMU 210 needs to ensure that the power floor is
maintained subsequent to a power dip condition. If power
usage again tries to dip below the power floor, the SMU 210
then instructs the command processor 204 to again launch
more power burn work.

Additionally, it is not necessary to indefinitely perform
target power workloads for the purposes of power burn. In
some embodiments, the command processor 204 and the
SMU 210 gradually decrease power usage by running a first
power burn kernel of a higher power usage (e.g., a target
power workload designed to power burn at 500 W) for a first
period of time, switching to a second power burn kernel of
a lower power usage (e.g., a target power workload designed
to power burn at 400 W), and so forth, thereby decreasing
the amount of power consumed by GPU 202 over time. In
other embodiments, the SMU 210 and command processor
204 instruct the CUs 206 to process the same target power
workload while walking down the voltage-frequency points
at which the GPU 202 operates (e.g., gradually decreases
power usage by running the same power-burn kernel), such
as by utilizing power management techniques including
dynamic voltage and frequency scaling (DVFS) to dynami-
cally adjust an operating voltage and frequency point (re-
ferred to as a “p-state”) across GPU 202 components during
run time.

In this manner, the GPU 202 hardware autonomously
starts running power burn workloads when the hardware
itself detects changes in power usage falling below the
predetermined power floor threshold. Power demand is
monitored so that extra power can be consumed (via running
of target power workloads) to smooth out power usage or
reduce high frequency variations in power draw. Thus,
processors on any individual node (e.g., a single GPU) ina
full system are instructed to operate at an elevated power
level above GPU idle for specified time periods. In this
manner, devices are prevented from moving to sleep states
and their power sits at an elevated level above that attained
at awake-but-idle. The full system power load can thus be
gradually raised or lowered.

Although described with respect to FIG. 2 in the context
of firmware-driven power controllers and firmware-driven
workload managers, those skilled in the art will recognize
that the concepts disclosed herein are applicable to other
implementations including software-based or hardware-cir-
cuitry-based (e.g., hardware state machines) monitoring and
smoothing of power variations. For example, in various
embodiments, the workload scheduler logic is implemented
at least in part at a host processor driver or at a processor
core external to the GPU 202. Additionally, although
described with respect to FIG. 2 in the context of a GPU 202
device, those skilled in the art will recognize that the
concepts disclosed herein are applicable to various proces-
sors, including datacenters with heterogeneous system archi-
tectures (HSA) where compute systems are expected to be
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used for a variety of compute intensive models using com-
binations of any of the following: CPUs, GPUs, FPGAs,
custom ASICs, and the like.

FIG. 3 is a plot 300 of power drawn by a processing
device as a function of time during execution of target power
workload in accordance with some embodiments. The ver-
tical axis indicates the total power drawn by a processing
device (such as GPU 202 of FIG. 2) in arbitrary units and the
horizontal axis indicates the time increasing from left to
right in arbitrary units. Some embodiments of the plot 300
correspond to power drawn by the GPU 202 while executing
one or more target power workloads after detecting a power
dip condition such as previously described in more detail
with respect to FIG. 2

At time=T,,, the processing device is in a low power draw
state due to, for example, computations for a previous
productive workload ending and causing power draw by the
processing device to fall below a threshold power floor level
(labeled as P,,,,., in FIG. 3).

At time=T,, the power monitor of the processing device
(e.g., SMU 210 or other power monitoring firmware at the
GPU 202 of FIG. 2) detects the power dip condition by
observing that power utilized by the GPU 202 dips below the
power floor over a specified period of time (e.g., di/dt time
rate of change of current consumption, such as over a few
milliseconds). Accordingly, the SMU 210 notifies the com-
mand processor 204 of the power dip condition and the
command processor 204 begins launching target power
workloads (precompiled kernels for execution to generate
dynamic work by producing results to be discarded for the
purposes of burning power) to the CUs 206. Power draw
contribution related to the executing target power workloads
is indicated by the dotted lines.

At time=T,, sufficient quantities of target power work-
loads have been started for execution at the GPU 202 such
that overall power draw by the processing device now
exceeds the threshold power floor level. For example and
with respect to FIG. 2, in various embodiments, the com-
mand processor 204 is capable of launching multiple dif-
ferent kernels of target power workload (e.g., designed to
burn 100 W, 200 W, 300 W, 400 W, and 500 W of power)
on the design of the GPU 202 and for targeting particular
target power usage levels. In various embodiments, the
SMU 210 instructs the GPU 202 to operate at that threshold
power floor level until the command processor 204 is
instructed to begin processing productive workloads.

At time=Tj, it is not necessary to indefinitely perform
target power workloads for the purposes of power burn in
some embodiments. Accordingly, the command processor
204 and the SMU 210 gradually decrease power usage by
running a first power burn kernel of a higher power usage
(e.g., atarget power workload designed to power burn at 500
W) for a first period of time, switching to a second power
burn kernel of a lower power usage (e.g., a target power
workload designed to power burn at 400 W), and so forth
such as to decrease the amount of power consumed by GPU
202 over time. In other embodiments, the SMU 210 and
command processor 204 instruct the CUs 206 to process the
same target power workload while walking down the volt-
age-frequency points at which the GPU 202 operates (e.g.,
gradually decreases power usage by running the same
power-burn kernel), such as by utilizing power management
techniques including dynamic voltage and frequency scaling
(DVFS) to dynamically adjust an operating voltage and
frequency point (referred to as a “p-state”) across GPU 202
components during run time. In this manner, the overall
power draw by the processing device is gradually lower
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between time=T;<T<T, at a rate determined to appropriate
(e.g., for avoiding generating current dips, power dips, and
voltage spikes that system hardware are incapable of han-
dling).

FIG. 4 is a flow diagram of a method 400 of performing
dynamic system load power management at a processing
device for smoothing system power usage in accordance
with some embodiments. For ease of illustration and
description, the method 400 is described below with refer-
ence to and in an example context of the system 100 and
GPU 202 of FIG. 1 and FIG. 2. However, the method 400
is not limited to these example contexts, but instead in
different embodiments is employed for any of a variety of
possible system configurations using the guidelines pro-
vided herein.

The method 400 begins at block 402 with the receiving,
by a parallel processor such as a graphics processing unit
(GPU), of a power floor instruction. In some embodiments,
the power floor instruction is a user setting specifying a
minimum power level (e.g., power floor) that the GPU
should use (e.g., per GPU device in a multi-device system),
such as power the GPU consumes under load. For this first
mode of operation, the user setting specifies a power (per
device or across the system scale), such as a job scheduler
(e.g., SLURM), as a system configuration, on each device
through system management interface tools like rocm-smi
(which directly communicate with an OS kernel driver), and
the like. In other embodiments, the power floor instruction
is a user setting that does not specify particular target power
usage levels but instead specifies the rate at which power
usage of the GPU changes over a period of time. For
example, in some embodiments, the power floor instruction
includes a predetermined di/dt rate of change. This infor-
mation is then provided to each of one or more processing
devices (which may be CPUs, GPUs, ASICs, and the like)
so they have a corresponding target power draw (or ‘power
load’” as used interchangeably throughout this disclosure).
That is, the GPU receives descriptions of much power a
kernel burns (at various voltage and frequencies) such that
firmware (e.g., command processor 204) knows which ker-
nel to run at various voltage and frequency points to target
prevention of dips in power.

In some embodiments, the power floor instruction
includes an absolute power usage level (e.g., numerical
power load target for the GPU in watt units) set by an outside
manager, such as to control individual device and/or entire
system power usage (e.g., at a datacenter level). For
example, each device or chip within a system (e.g., system
100 of FIG. 1) may be assigned its own power floor or di/dt
limit. In such circumstances, if those limits are individually
controllable, then external entities could coordinate various
power usages amongst a plurality of those devices or chips.
The devices are be permitted to schedule jobs and work as
normal, such as via command processor 204 of FIG. 2
assigning kernels to a GPU’s compute units.

The method 400 continues at block 404 with the moni-
toring, by a power monitor of a graphics processing unit
(GPU), of a power load on the GPU to determine whether
the GPU experiences a dip below the power floor specified
by the power floor instruction of block 402. For example,
such as illustrated in FIG. 2 with respect to the SMU 210, the
SMU 210 receives a power floor instruction including a
power floor level and unit of time information from the
system driver 212. The SMU 210 monitors a power usage of
the GPU 202 over a period of time (e.g., on a short
granularity, such as a millisecond or shorter) to determine
whether power load on the GPU 202 dips below the power



US 12,572,385 B2

9

floor level over the specified period of time (e.g., di/dt time
rate of change of current consumption, such as over a few
milliseconds).

In some embodiments, each of one or more device (e.g.,
a GPU 202 of FIG. 2) includes a control system by which
power and compute loads are monitored and varied to enable
reaching and maintaining a target power draw in accordance
with a user specified threshold power level and/or rate of
change in power usage. In other embodiments, the device
(e.g., a GPU 202 of FIG. 2) attempts to keep its power
relatively constant regardless of a single user-specified
power floor. For example, and with reference to FIG. 2, the
SMU 210 or an off-die power monitor observes an amount
of power that the GPU 202 has used over a pre-determined
amount of time in the past. If the SMU 210 sees a dip in that
power usage past a threshold level, the SMU 210 then
instructs which of the multiple different power-burn kernels
the command processor 204 should launch for scheduling
additional work, such as described in more detail below.

If the power monitor determines at block 404 that a power
change remains above a predefined power floor level over
time, the devices continue to schedule jobs and work as
normal (referred to as ‘productive work”) at block 406 via a
workload scheduler, such as via the command processor 204
assigning kernels of productive work to the compute units
206 of GPU 202 (or OS workflow manager/OS scheduler in
the context of CPUs). However, if the power monitor
determines at block 404 that power change causes a dip
below a predefined power floor level over time, the method
400 proceeds to block 408 where the power monitor (e.g.,
SMU 210 of FIG. 2) notifies the workload scheduler (e.g.,
command processor 204 of FIG. 2) of a power dip condition
via, for example, an on-device wire, message routed over an
on-chip SOC fabric, writing a signal into a shared memory
location, and the like.

At block 410, based on receiving the power dip condition
signal from the command processor 204 submits work to
target a certain power load, whether that is at the previous
level or a floor level. A workload scheduler (such as the
command processor) is provided with a plurality of power
burn kernels of known power draw (e.g., target power
workloads). In some embodiments, a target power workload
includes an idle power burn kernel used when there is no
driver-initiated productive workloads. In various embodi-
ments, only a single instance of the idle power burn kernel
is run at any given time. Additionally, a target power
workload also includes an active power burn kernel that is
run concurrently with drive-initiated productive workloads.
Any number of active power burn kernels may be run
concurrently, subject to the limits of the device.

In various embodiments, the power monitor (such as the
SMU 210 of FIG. 2 or an off-die power monitor) monitors
power draw of the device and uses this information to
instruct the job scheduler on how many active power burn
kernels to run in a continuous feedback loop. For example,
in one embodiment, the power monitor sets a default value
for the number of active power burn kernel jobs to run by the
job scheduler to a minimum of 0. If power draw is detected
as lower than the power limit, the power monitor instructs
the job scheduler to start one more active power burn
kernels. If power is detected to be at or over the power limit,
the power monitor instructs the job scheduler to kill one
active power burn kernel. When the job scheduler detects an
idle condition (e.g., no driver-initiated jobs running or
pending), the job scheduler launches an idle power burn
kernel. In various embodiments, the job scheduler notifies

10

15

20

25

30

35

40

45

50

55

60

65

10

the power monitor, SMU or off-die monitor, when the idle
power burn kernel is launched.

With reference to FIG. 2, in various embodiments, the
operations of block 410 include the command processor 204
as job scheduler, upon receiving a power dip condition
signal 212, launching target power workload(s) to the CUs
206. The target power workloads produce meaningless
results that are discarded after serving their purpose of
performing dynamic work and causing the GPU 202 to
consume power. For example, if the GPU 202 was recently
burning 325 W of power, and its power draw suddenly drops
to 50 W, the SMU 210 or off-die power monitor signals to
the command processor 204 that a 300 W power-burn
kernel/target power workload should be launched. This
helps prevent a 325 W kernel from being followed by a 500
W power-burn kernel and causing a large power spike.

In various embodiments, if new productive work is sched-
uled, the GPU 202 stops running target power workloads/
power burn kernels and begins processing the new produc-
tive workload. The operations of method 400 continually
repeats to monitor power draw by the GPU 202 to determine
whether power dip conditions arise. If the productive work-
load is insufficient to prevent power dip below the power
floor, then the operations of blocks 408 and 410 will launch
additional target power workloads as previously described in
more detail.

Additionally, such as with respect to FIG. 2, it is not
necessary to indefinitely perform target power workloads for
the purposes of power burn. In some embodiments, the
operations of block 410 include the command processor 204
and the SMU 210 gradually decreasing power usage by
running a first power burn kernel of a higher power usage
(e.g., atarget power workload designed to power burn at 500
W) for a first period of time, switching to a second power
burn kernel of a lower power usage (e.g., a target power
workload designed to power burn at 400 W), and so forth
such as to decrease the amount of power consumed by GPU
202 over time. In other embodiments, the SMU 210 and
command processor 204 instruct the CUs 206 to process the
same target power workload while walking down the volt-
age-frequency points at which the GPU 202 operates (e.g.,
gradually decreases power usage by running the same
power-burn kernel), such as by utilizing power management
techniques including dynamic voltage and frequency scaling
(DVFS) to dynamically adjust an operating voltage and
frequency point (referred to as a “p-state”) across GPU 202
components during run time.

In this manner, the GPU 202 hardware autonomously
starts running power burn workloads when the hardware
itself detects changes in power usage falling below the
predetermined power floor threshold. Power demand is
monitored so that extra power can be consumed (via running
of target power workloads) to smooth out power usage or
reduce high frequency variations in power draw. Thus,
processors on any individual node (e.g., a single GPU) ina
full system are instructed to operate at an elevated power
level above GPU idle for specified time periods. In this
manner, devices are prevented from moving to sleep states
and their power sits at an elevated level above that attained
at awake-but-idle. The full system power load can thus be
gradually raised or lowered down to idle (e.g., may not be
desirable to let chip suddenly drop from 500 W to 10 W of
power usage over Ims but gradually letting the chip lower
power usage over a minute helps prevent both high varia-
tions in power draw and prevents needlessly consuming
power). For example, in various embodiments, the opera-
tions of block 410 include firmware controllers utilizing
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power reduction techniques such as dithering or clock
switching to lower things over time—as the GPU 202
continues to be idle, firmware controls use a variety of lower
power kernels to walk operations down to idle without
encountering a fast power dip.

As will be appreciated, the action time scale of the
dynamic system load management described herein is lim-
ited only by the time scale of measurement interval, which
can include milliseconds or microseconds. Accordingly, as
described herein, the system load management allows for
processors participating in large-scale jobs to maintain some
minimum power usage, whether when the processors are
idle or when they are running some low-power workloads,
by leveraging existing processor hardware structures and
without adding in additional circuitry design changes. In this
manner, high frequency variations in power use are
smoothed and eases the challenge on local power grids
which allows larger datacenters to use a larger number of
higher power devices. Additionally, those skilled in the art
will recognize that the techniques discussed herein allow for
the design of simpler, cheaper power control circuitry as it
provides assurances that chip variance in power usage (e.g.,
smaller di/dt ranges) will be smaller.

A computer readable storage medium includes any non-
transitory storage medium, or combination of non-transitory
storage media, accessible by a computer system during use
to provide instructions and/or data to the computer system.
Such storage media include, but is not limited to, optical
media (e.g., compact disc (CD), digital versatile disc
(DVD), Blu-Ray disc), magnetic media (e.g., floppy disc,
magnetic tape, or magnetic hard drive), volatile memory
(e.g., random access memory (RAM) or cache), non-volatile
memory (e.g., read-only memory (ROM) or Flash memory),
or microelectromechanical systems (MEMS)-based storage
media. The computer readable storage medium is embedded
in the computing system (e.g., system RAM or ROM),
fixedly attached to the computing system (e.g., a magnetic
hard drive), removably attached to the computing system
(e.g., an optical disc or Universal Serial Bus (USB)-based
Flash memory), or coupled to the computer system via a
wired or wireless network (e.g., network accessible storage
(NAS)).

In some embodiments, certain aspects of the techniques
described above are implemented by one or more processors
of a processing system executing software. The software
includes one or more sets of executable instructions stored
or otherwise tangibly embodied on a non-transitory com-
puter readable storage medium. The software includes the
instructions and certain data that, when executed by the one
or more processors, manipulate the one or more processors
to perform one or more aspects of the techniques described
above. The non-transitory computer readable storage
medium includes, for example, a magnetic or optical disk
storage device, solid state storage devices such as Flash
memory, a cache, random access memory (RAM) or other
non-volatile memory device or devices, and the like. The
executable instructions stored on the non-transitory com-
puter readable storage medium include source code, assem-
bly language code, object code, or other instruction format
that is interpreted or otherwise executable by one or more
processors.

Note that not all of the activities or elements described
above in the general description are required, that a portion
of a specific activity or device may not be required, and that
one or more further activities may be performed, or elements
included, in addition to those described. Still further, the
order in which activities are listed are not necessarily the
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order in which they are performed. Also, the concepts have
been described with reference to specific embodiments.
However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without
departing from the scope of the present disclosure as set
forth in the claims below. Accordingly, the specification and
figures are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to
be included within the scope of the present disclosure.

Benefits, other advantages, and solutions to problems
have been described above with regard to specific embodi-
ments. However, the benefits, advantages, solutions to prob-
lems, and any feature(s) that may cause any benefit, advan-
tage, or solution to occur or become more pronounced are
not to be construed as a critical, required, or essential feature
of any or all the claims. Moreover, the particular embodi-
ments disclosed above are illustrative only, as the disclosed
subject matter may be modified and practiced in different but
equivalent manners apparent to those skilled in the art
having the benefit of the teachings herein. No limitations are
intended to the details of construction or design herein
shown, other than as described in the claims below. It is
therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations are
considered within the scope of the disclosed subject matter.
Accordingly, the protection sought herein is as set forth in
the claims below.

What is claimed is:

1. A method, comprising:

receiving a power floor instruction at a processing device

of a datacenter node;

communicating, based on the power floor instruction, a

power dip condition to workload scheduling circuitry
of the processor device in response to identifying the
power dip condition;

responsive to the power dip condition, selecting by the

workload scheduling circuitry a power burn kernel for
execution based on a known power load associated
with the selected power burn kernel, wherein selecting
the power burn kernel comprises selecting the power
burn kernel from multiple power burn kernels that are
each associated with a respective known power load,
wherein each of the multiple power burn kernels
includes a plurality of matrix operations; and
assigning, based at least in part on the power dip condi-
tion, one or more target power workloads for execution
at the processor device, the one or more target power
workloads including the selected power burn kernel.
2. The method of claim 1, further comprising:
wherein the power floor instruction indicates at least one
of a threshold power floor level and a threshold rate of
power change; and

determining, based at least in part on the power floor

instruction, a target power draw to be maintained by the
processor device.

3. The method of claim 2, wherein identifying the power
dip condition includes a determination by the power moni-
toring circuitry of the power draw by the processor device
falling below the threshold power floor level.

4. The method of claim 3, wherein identifying the power
dip condition includes a determination by the power moni-
toring circuitry of the power draw by the processor device
falling below the threshold power floor level at a rate
exceeding the threshold rate of power change.

5. The method of claim 2, wherein assigning one or more
target power workloads includes the workload scheduling
circuitry assigning one or more target power workloads to
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raise the power draw by the processor device to meet or
exceed the target power draw.

6. The method of claim 1, wherein assigning one or more
target power workloads includes the workload scheduling
circuitry assigning a first target power workload of a first
power burn level to be executed for a first period of time, and
subsequently assigning a second target power workload of a
second power burn level lower than the first power burn
level to be executed for a second period of time.

7. The method of claim 1, wherein assigning one or more
target power workloads includes assigning a first target
power workload to be executed for a first period of time at
a first voltage-frequency setting, and subsequently assigning
the first target power workload to be executed for a second
period of time at a second voltage-frequency setting lower
than the first voltage-frequency setting.

8. The method of claim 1, further comprising:

instructing the processor device to cease execution of the

selected power burn kernel prior to beginning process-
ing a productive workload.

9. A processor device, comprising:

power monitoring circuitry configured to receive a power

floor instruction for a datacenter node that indicates at
least one of a threshold power floor level and a thresh-
old rate of power change; and

workload scheduling circuitry communicably coupled to

the power monitoring circuitry and configured to,

responsive to a power dip condition identified accord-

ing to the power floor instruction:

select for execution at the processor device one pre-
compiled power burn kernel from among multiple
power burn kernels based on a respective power load
associated with the one power burn kernel, wherein
each of the multiple power burn kernels includes a
plurality of matrix operations.

10. The processor device of claim 9, wherein the work-
load scheduling circuitry comprises a command processor
configured to launch workloads into one or more compute
units of the processor device.

11. The processor device of claim 9, wherein the power
monitoring circuitry is configured to monitor a power draw
by the processor device and determine, based at least in part
on the power floor instruction, a target power draw to be
maintained by the processor device.

12. The processor device of claim 11, wherein the power
monitoring circuitry is configured to identify the power dip
condition based on detecting the power draw by the proces-
sor device falling below the threshold power floor level.

13. The processor device of claim 12, wherein the power
monitoring circuitry is configured to identify the power dip
condition based on detecting the power draw by the proces-
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sor device falling below the threshold power floor level at a
rate exceeding the threshold rate of power change.

14. The processor device of claim 11, wherein the work-
load scheduling circuitry is configured to assign the selected
one power burn kernel for execution to raise the power draw
by the processor device to meet or exceed the target power
draw.

15. The processor device of claim 11, wherein the work-
load scheduling circuitry is configured to instruct the pro-
cessor device to cease execution of the one power burn
kernel prior to beginning processing a productive workload.

16. A system, comprising:

one or more processing units communicably coupled to a

host processor, each of the one or more processing units
corresponding to a datacenter node, wherein a first
processing unit includes:
power monitoring circuitry configured to receive a
power floor instruction indicative of at least one of a
threshold power floor level and a threshold rate of
power change; and
workload scheduling circuitry communicably coupled
to the power monitoring circuitry and configured to,
responsive to a power dip condition identified
according to the power floor instruction:
select for execution one power burn kernel from
among multiple power burn kernels based on a
respective power load associated with the one
power burn kernel, wherein each of the multiple
power burn kernels includes a plurality of matrix
operations; and
discard without use any results generated by the one
power burn kernel during execution.

17. The system of claim 16, wherein the host processor is
configured to transmit the power floor instruction and the
multiple power burn kernels to the first processing unit.

18. The system of claim 16, wherein the power monitor-
ing circuitry is configured to monitor a power draw by the
first processing unit and determine, based at least in part on
the power floor instruction, a target power draw to be
maintained by the first processing unit.

19. The system of claim 18, wherein the power monitor-
ing circuitry is configured to identify the power dip condi-
tion exists based on detecting the power draw by the first
processing unit falling below the threshold power floor
level.

20. The system of claim 19, wherein the power monitor-
ing circuitry is configured to identify the power dip condi-
tion exists based on detecting the power draw by the first
processing unit falling below the threshold power floor level
at a rate exceeding the threshold rate of power change.
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