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CONTROL OF POWER CONSUMPTION

Cross-Reference to Related Applications
[0001] The present application claims the benefit of the filing date of U.S. Patent
Application No. 14/582,985, filed December 24, 2014, which is incorporated herein
by reference.

Technical Field
[0002] The present techniques relate generally to supply of electricity to a facility
performing distributed computing. More particularly, the techniques relate to
management of power consumption of the facility.

Background Art
[0003] A variety of computing configurations and systems may consume relatively
large amounts of power. Such systems may include those for cloud computing, Big
Data analytics, web services, enterprise services, distributed computing, high
performance computing (HPC), and so on. The facility housing such systems can
require significant energy.
[0004] Distributed computing, HPC systems, and other aforementioned
configurations may facilitate scientists and engineers to solve complex science,
engineering, and business problems using applications that benefit from high
bandwidth, low latency networking, and very high compute capabilities. These
systems may also execute data storage and retrieval, perform more straightforward
tasks, and so on. Unfortunately, again, systems such as distributed systems, HPC
systems, and others, which may have hundreds or thousands of processors, servers,
or compute nodes performing tasks, typically consume significant power. Such may
be especially problematic in the “Big Data” era. Further, variations in power
consumption and issues of power allocation may also be problematic.
[0005] The competitive business of data and computing services drives
manufacturers in the continuous improvement of their processes and products in
order to lower production costs and deliver reliable service. Indeed, as technologies

advance in services for data, computing, and telecommunications, a competitive
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need exists to continuously increase consistency of service and the efficiency of

power utilization.

BRIEF DESCRIPTION OF DRAWINGS
[0006] FIG. 1 is a diagrammatical representation of an exemplary distributed

computing system in accordance with embodiments of the present techniques.
[0007] FIG. 2 is a block diagram of an exemplary facility for distributed computing
in accordance with embodiments of the present techniques.

[0008] FIG. 3is a diagrammatical representation of an exemplary facility for
distributed computing in accordance with embodiments of the present techniques.
[0009] FIG. 4 is a diagrammatical representation of a system level and node level
of an exemplary facility for distributed computing in accordance with embodiments of
the present techniques.

[0010] FIGS. 5A and 5B area flow diagram of an example of a power manager
hierarchy and actions in accordance with embodiments of the present techniques.
[0011] FIG. 6 is block diagram of exemplary managers and functions at the
system level and node level in accordance with embodiments of the present
techniques.

[0012] FIG. 7 is a bar chart comparing power consumption of two example jobs of
distributed computing in accordance with embodiments of the present techniques.
[0013] FIG. 8 is a block diagram depicting an example of a tangible non-
transitory, computer-readable medium that can facilitate power management of a
distributed computing system in accordance with embodiments of the present
techniques.

[0014] The same numbers are used throughout the disclosure and the figures to
reference like components and features. Numbers in the 100 series refer to features
originally found in Fig. 1; numbers in the 200 series refer to features originally found
in Fig. 2; and so on.

DETAILED DESCRIPTION
[0015] Embodiments of the present techniques are directed to a facility having

systems of multiple compute nodes configured to execute jobs of computing. Power
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consumption is managed or controlled at the facility to within a power band and/or
within a desired or specified ramp or rate of change in power. The rate of change
may be some magnitude of Waitts per minute or per hour, for example. The
management or control of power to within band or ramp may be at the facility level,
system level, and job/node level.

[0016] Further, it should be noted that controlling power consumption to within a
power band is much different than merely only making efforts to use less power or
less electricity, as is conventional. Instead, a power band, for example, may be a
specified minimum to a specified maximum of power, and in embodiments, the band
is a relatively narrow range. For instance, the power band may be related to a
negotiated range with a utility provider. A negotiated allocated amount of power from
the utility provider to the facility may be a relatively narrow range of power (e.g., an
allocation of 10 MW allowed to drop to 8.5 MW but not below). Thus, with the power
band, the maximum limit of the band may be an allocated amount of power
consumption (e.g., 10 MW). The minimum limit of the band may be the lower
amount (e.g., 8.5 MW) that the power consumption is to reach, as negotiated via the
allocation. It should be noted that facility use of local energy generation and storage
may provide flexibility (e.g., widening the facility control power-band slightly) with
respect to power consumption at the facility and satisfying negotiated allocation with
the utility provider. Nevertheless, with or without local energy generation/storage,
the facility may implement activities to control power consumption at the facility to
within power band.

[0017] Various activities may be implemented to adjust power consumption. An
example of a facility-level activity may be to waste power by lowering the
temperature of a cooling system beyond that needed. Such may be implemented to
increase power consumption so that the facility power consumption stays within a
power band. Another example of a facility-level activity may be to activate or adjust
local energy generation/storage to maintain power consumption within power band
or within power ramp limits or targets. Energy generation may be from renewable
and/or non-renewable sources dispose local to the facility, for example. Energy
storage may involve power storage, (e.g., batteries), thermal storage (e.g., ice,
cooled liquid), and so on.
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[0018] To manage and control power, activities with low-priority computational
output or no computational output may be implemented at the system and job/node
levels to affect power consumption. As discussed below, such activities may be
implemented by a power balloon module, at the system level and at the job/node
level. The activities may be to increase or decrease power consumption, with
respect to both band and rate. For example, a power balloon may specify or initiate
an activity that wastes energy so to slow a sudden decrease in power. In another
example, a manager module may initiate an activity that increases power with no
computational output. For instance, the activity may be to power an idle node
(without executing a job on that node) to waste/expend power, SO to increase power
consumption of the system to above a specified minimum target.

[0019] Again, a power balloon or manager module may initiate activities having
little or no computation/work output, or no additional computational output, to adjust
and control power at the system and/or node levels. These activities may include
“green” and “non-green” activities.

[0020] The green techniques are useful but produce no computational output or
no new computational job output, or no new job work for the client. In other words in
particular embodiments, green actions may produce useful work but no
computational output for a user or client. Examples of green techniques
(implemented by a power balloon or manager to adjust/control power) are diagnostic
action and maintenance action on the node or on the system of nodes. At the
system level, green activity by the power balloon or manager may include system
diagnostics, calibration of unallocated but powered nodes (per node power),
maintenance of storage system (compression, virus scan, error detection and
correction), maintenance of system memory (error detection and correction), running
of low-priority jobs, and so forth. At the node level, green activities initiated by the
power balloon or manager may include node diagnostic, calibration of the nodes,
maintenance of local storage (compression, virus scan, error detection and
correction), maintenance of system memory (error detection and correction), and so
forth.

[0021] In contrast, non-green techniques are useless activity, except for the
intended purpose of wasting energy and being energy inefficient to increase power
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consumption. Non-green activities implemented via a power balloon or manager
produce no useful work, and no output or at least no work output, no computational
output (or no additional computational output). The power balloon or manager
implements the non-green activity to consume energy to maintain the power
consumption at the node or system (and thus at the facility) above lower limits or
targets of the power band, or below upper limits or targets of power rate of change.
[0022] At the job/node level, non-green actions initiated by the power balloon or
manager may include powering off various power features (e.g., features that reduce
power and develop energy consumption proportional to computation load and
utilization of components), and running various power virus processes, and so forth.
At the system level, non-green actions initiated or implemented by the power balloon
to control power include powering-on unallocated powered down nodes, turning on a
dummy job (per node power), changing energy policy of jobs (to make then run in
less energy efficient fashion), and the like.

[0023] In configuration and operation, the power balloon or appropriate manager
module will select which power balloon activity to apply. The selection may be
based on the amount of power that would be consumed by the activity, the amount
of power desired to be consumed at the facility, system, or node, and based on the
priority of the activities (e.g., of the useful activities), and other considerations.
[0024] With respect to computing such as distributed computing, high
performance computing (HPC) or Big Data analytics, cloud computing, and so on,
the cost of energy to a facility or datacenter, as related to electricity or power, may
involve both meter charge and demand charge. Meter charge may be proportional
to the amount of energy used over a time period. Demand charge may be a function
of the specified demand for allocation of power, the amount of power actually used
as a percentage of demand, and the fluctuation or variation in the rate of power
consumption, and so on.

[0025] Today, a typical specified demand by such a facility or datacenter may be
about 1 megawatt (MW) of power, for example. In the future, demand is expected to
grow to as much as 45 MW or higher, for instance, especially for facilities or
datacenters that host high performance computing (HPC) or super computers,
and/or perform Big Data analytics. At such high demand, the demand charge may
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be greater than the meter charge. To manage and control demand charge at
datacenters including datacenters having high predetermined demand, the
datacenters in examples may benefit from the following: (1) when X MW of power is
allocated, the power consumption should generally not fall below X minus Y MW,
where X minus Y may be labeled as a power band; and (2) the fluctuation or
variation in power should be generally limited over time, including with rates such as
power per minute and power per hour.

[0026] At present, capacitors, such as a voltage regulator (VR), power supply,
and uninterruptable power supply (UPS), provide protection against relatively small
fluctuations of power consumption for small durations. Unfortunately, for a UPS or
batteries to support multiple MW consumption would generally require large floor
space or real estate, and will be prohibitively expensive in many examples.
Conventional solutions will generally not be capable to effectively satisfy controlling
rate of power consumption at future datacenters, or at datacenters having relatively
large power demand and large actual consumption of power.

[0027] In accordance with embodiments of the present techniques, the managing
of the rate of power consumption can be generally achieved and implemented by a
combination of controlling power consume by computing systems, using energy
storage and energy generation, and so on. From an energy/environmental
conservation perspective, controls can be generally categorized as green or non-
green. In particular, green mechanisms typically facilitate that energy is spent for
useful purpose. On the other hand, non-green mechanisms may result in wasted or
inefficient expenditure of energy to for the intended purpose of increasing power or
slowing a decrease in power. Green and non-green activities can be implemented at
facility level, system level, and job/node level. Green activities at the facility level
may include using excess energy to: (1) charge batteries to store electrical energy,
(2) cool liquid and store the cooled liquid in a reservoir for later use (e.g., to
supplement a cooling system), and (3) produce ice to store thermal energy. Facility-
level green activities may also include using local generation of energy involving
operating renewable energy sources (e.g., solar, wind, geothermal etc.) and/or
traditional energy sources such as diesel generators. Facility-level non-green
activities may include operating facility racks and the datacenter at low temperature
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(such may be analogous wasting energy by running air-conditioning with windows
open).

[0028] Some embodiments herein may employ a hierarchical structure to manage
the rate of power consumption. The structure may involve a facility power manager,
system power-performance manager, job power-performance manager, and so forth.
As discussed below, various mechanisms and structures may be implemented to
control rate of power consumption at different levels, e.g., within the manager
hierarchy.

[0029] As indicated, capacitors at various power delivery levels, e.g., VR, power
supply, power distribution units (PDU), UPS with battery, etc., may provide local
storage and discharge of energy. At component and system levels, the capacitors
may suppress transients at microseconds and milliseconds. In a particular example,
for a1 MW data center, a UPS may support loss of energy for a few minutes. To
address upcoming user requirements, such as with 10 MW to 45 MW datacenters,
for instance, the extending of traditional approaches may generally be relatively
expensive and inadequate. In another particular example, if an HPC job crashes or
finishes (completes), the datacenter could experience a 4-6 MW drop in power
consumption is milliseconds, for instance. Conventional mechanisms do not protect
against or address such an unfortunate and likely scenario. In contrast, as
discussed herein, embodiments of the present techniques protect or address sudden
and relatively large changes in power consumption at datacenters and facilities for
distributed computing including HPC and Big Data analytics.

[0030] Historically, efforts in managing power consumption focused on reducing
power consumption without consideration of power band. Conversely, embodiments
herein accommodate the need that power draw from a utility company or provider be
kept close to the power allocation of the datacenter. Again, some embodiments may
employ hierarchical targets and controls to manage or control rate of power
consumption at the datacenter or similar facility.

[0031] A facility or datacenter generally hosts multiple compute systems, energy
generators, power storage (e.g., batteries), cooling units, etc. In embodiments, the
facility may have a facility-level power manager (FPM) to meet user requirements for
variations per minute and per hour, and the FPM to maintain facility consumption
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within a min-max level or range based upon allocation by the utility supplier entity, for
instance. The FPM may generate and provide targets to system level power-
performance manager (SPPM) for system level control. The FPM and SPPM may
manage variation in power consumption. The SPPM may work with a system of
nodes, as well as a job-level power-performance manager or controller, for example,
and provide power consumption targets to node-level power performance managers
(NPPM). Both the SPPMs and job power-performance managers (JPPM) may
comprehend architectures, power usages, and local energy storage to implement
various schemes, as discussed below. Thus, again, hierarchical targets and
controllers may be implemented, including a hierarchy for controlling to within power
band and for controlling rate of power consumption.

[0032] FIG. 1is an exemplary system 100 for computing, such as a distributed
computing system, datacenter, supercomputer(s), Big Data analytics center, cloud
computing, enterprise services, high performance computing (HPC) center, and so
on. Embodiments herein related to facility power level and system power level are
generally applicable to various computing configurations. In the illustrated
embodiment, the system 100 has a facility 102 with a computing architecture 104
including one or more systems 106 of nodes 108. In an example, the facility 102
includes three systems 106 each having 20,000 nodes 108. In alternate
embodiments, the system level may be fluid in the sense that the groupings of nodes
108 can change over time, such as per job. The nodes 108 may generally be
compute nodes but can also include operating system (OS) nodes, input/output (1/0)
nodes, and other nodes. Each node 108 may include one or more processors 110,
wherein each processor 110 has one or more processing cores 112.

[0033] Each node 108 may also include memory 114 storing code 116 executable
by the processors 108. The nodes 108 may include additional hardware, software,
firmware, and so on. The computing architecture 104 may also include one or more
computing devices 118, such as servers, hosts, etc., each having at least one
processor 120 and memory 122 storing code 124 executable by the processor 120.
[0034] The stored executable code 116 and 124 may include various manager or
control modules, including managers at different levels in a hierarchy. As

mentioned, exemplary managers include node power-performance manager(s)
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(NPPM), system power-performance(s) (SPPM), and a facility power manager
(FPM), as represented by dashed boxes 126, 128, and 130, respectively, and other
modules. In embodiments, job power performance managers (JPPM) (not shown)
are distributed among the nodes 108. The portion of that JPPM that runs on an
individual node is referred to as the NPPM. Again, these controllers or managers126,
128, 130 are executable code (e.g., 116 and/or 126) stored in memory (e.g., 114
and/or 124). The managers 126, 128, 130 may have submodules are be a part of
other modules. Moreover, as indicated, the managers 126, 128, and 130, and other
controller modules, may provide for a hierarchical management or control with
respect to power. Further, respective variants of the managers 128, 128, 130,
and/or other controllers and managers, may provide for in-band or out-of-band
control.

[0035] As can be appreciated, the computing architecture 104 at the facility 102
may consume power. Additionally, the facility 102 may include other consumers 132
of power, such as a building cooling system, lighting, and so on. The facility 102
may receive electricity or power 134 from one or more utility companies or providers
136, for example. The power 134 received may be subjected to conversion at the
facility 102 as needed. Moreover, the facility 102 may also have power generation
facilities 138 (e.g., diesel generators, etc.), disposed locally and/or remote. Further,
the facility 102 may have power storage 140 such as batteries and other energy
storage such as a reservoir for coolant. Lastly, the facility 102 may be in
communication (e.g., via a network 142) with other distributed computing systems
144 (e.g., datacenters, super computers, Big Data, etc.), or non-distributed or
traditional compute systems and computing devices 146 (e.g., at client locations,
utility companies or distributors, and so forth).

[0036] FIG. 2 is a diagrammatical representation of an exemplary facility 102 for
distributed computing. As mentioned, in some embodiments, a hierarchy may be
implemented to manage or control rate of power consumption for the distributed
computing system 100 (e.g., datacenter, super computer, etc.) including the facility
102. At the facility level, the facility power manager (FPM) 130 may accommodate
requirements for facility power variations per time (e.g., per minute and per hour),

and maintain the power consumption at the facility 102 between a minimum power
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consumption and a maximum power consumption. Such a range may be based on
the allocation of power by the utility company or provider, or by a facility manager
(e.g., human administrator).

[0037] The FPM 130 may generate and provide power targets (e.g., for both
consumption and variation) to system power-performance manger (SPPM) 128 for
the system level power. The FPM 130 and SPPM 128 may manage variation in
power consumption. Based on constraints and targets enunciated by the SPPM 128
and/or other factors, the SPPM 128 may manage the power consumption of its
respective system 106 of nodes 108.

[0038] FIG. 3is an example facility 102 for distributed computing. As discussed,
the facility manager FPM 130 gives direction to the multiple system managers SPPM
128 for the systems 106 of nodes. Further, the FPM 130 may communicate with and
have policies/rules set by a human administrator 300, utility company or provider
302, and so forth. In examples, the FPM 130 may use or be a demand/response
interface to the utility provider 302. Moreover, the FPM 130 may perform
accountings of power and cooling at the facility 102, and the like, including to
communicate capacity and requirements. The FPM 130 may account for a cooling
system 132C, manage co-generation of energy (e.g., at generators 138), allocate
power budgets to the one or more SPPM 128, and so forth.

[0039] A FPM 130 may use various mechanisms to meet requirements by the
datacenter operator with respect to power consumption variation, such as for delta
Watts per minute (AW/min) and AW/hour. A datacenter operator may also have the
FPM 130 maintain facility-level power consumption at, or slightly below, power
allocation by the utility provider 302. With targets to keep energy efficiency high, the
FPM may attempt to use green mechanisms before resorting to non-green
mechanisms.

[0040] For a facility 102 with local generators 138, the FPM 130 may use local
generators 138 for facility control of power. Depending on the particular facility 102,
there may be various types of local generators 138. Examples of local generators
138 are diesel engines, solar power, and so forth. In a particular example, if facility
102 demand for power as negotiated with the utility provider 302 is set at say 12
MW, and the facility 102 has local power generation of 2 MW, for instance, then the

10
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facility 102 may instead renegotiate demand for 10 MW from the utility provider 302.
If so, the utility provider 302 may require the facility 102 draw from the utility provider
between 8.5 MW to 10 MW (e.g., allowed variation of 15%), for example. In this
numerical example, the 2 MW local generation may facilitate datacenter facility 102
level fluctuation between 8.5 to 12MW (~30% variation). Local power generation
may therefore increase flexibility or level of power, as well as help meet goal(s) for
limited variation (e.g., AW/hour) over the long term.

[0041] For a facility 102 with local power storage 140, FPM 130 may use the
power storage (e.g., battery, local refrigeration, etc.). When facility 102 level actual
power consumption may fall below minimum demand (say 8.5 MW in the above
numerical example), the FPM 130 may channel energy to charge batteries 140B part
of power storage 140. The resulting battery charge may later then be used when
facility 102 actual demand for power grows. Another approach for energy storage is
to use excess energy (e.g., when actual power consumption of the facility drops
below negotiated demand) to cool liquid or to generate ice. Ice or cool liquid can be
stored and used later for cooling to reduce energy by the cooling system 132C, for
example, when actual power consumption of the facility 102 approaches or exceeds
demand, i.e., the upper limit of the power band.

[0042] Other examples of mechanisms the FPM 130 may employ is for the FPM
130 to designate settings on the cooling systems 132C, such as adjusting the
temperature or temperature set point of coolant, air, or water in the cooling system
132C. Such control may affect power consumed by both the cooling system 132C
and the computing architecture 104 including the compute systems. For example, to
increase facility power consumption, the FPM 130 may lower temperature of outlet
the outlet air of an air conditioning unit in the cooling system 132C. Although this
may be a non-green mechanism, such lowering of the cooling air temperature may
help improve life of components (e.g., in the computing architecture 104) cooled by
the air. Therefore, this non-green activity while generally useless could have a
benefit other than raising power consumption to within power band.

[0043] FIG. 4 is a diagrammatical representation 400 of a system level and node
level of an exemplary facility 102 for distributed computing. A Datacenter Manager
406 and a rack controller or manager 402, for example, monitor shared power supply

11
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404 at the system level, and cooling in racks of nodes 108, and so forth. The rack
manager 402 may direct node managers 403 (e.g., out-of-band node managers) with
respect to monitoring power for the nodes 108, for example. Both in-band and out-
of-band management, monitoring, and control may be accommodated. A datacenter
manager 406, for example, may part of the out-of-band management hierarchy. A
datacenter manager 406 communicates health and capability of power and cooling
system to SPPM 128.

[0044] In examples, the node manager 403, rack manager 402 and datacenter
manager 406 are out-of-band and not a direct part of system software. These three
managers 402, 403 and 406 may instead be part of independent mechanism that
monitors power and cooling infrastructure for failures, for instance. In cases of
failure in power supply or cooling, the rack manager 402 may take action to reduce
or prevent resulting undesired events, may communicate with a job manager,
resource manager, SPPM so that they will operate the system and nodes
comprehending lower power/cooling capability (due to a failure).

[0045] As discussed with respect to FIGS. 1-3, in comprehending the facility 102
or datacenter level capability and energy cost of the facility 102, e.g., losses in power
and cooling systems, building, etc., the FPM 130 may generate target(s) for power
amount or level, and for variation in power, for the respective SPC 128 and systems
106 of nodes 108 (see FIGS. 1-3). These targets may be communicated to the SPC
128 for systems 106 power management and control.

[0046] FIGS. 5A and 5B are a flow diagram of an example management
hierarchy 500 having exemplary actions 502. FIG. 5A is the top part of the diagram.
FIG. 5B is the bottom part of the diagram. Entities in the management hierarchy 500
may include the aforementioned FPM 130, SPPM 128, JPPM 504 and NPPM 126, or
variants thereof. In operation, the FPM 130 may manage facility 102 resources and
define system power budgets to the one or more SPPM 128. At the system level, a
resource manager (not separately depicted) may include, for example, the SPPM
128 and a job power-performance manager (JPPM) 504, and may direct the NPPMs
126 with respect to power consumption (including variation). This power
consumption at the system level and the job level may be for the multiple nodes 108
in the systems 106, such as in implementation or execution of a distributed

12
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computing job on the nodes 108. Additional entities in the management hierarchy
may include a facility manager (e.g., an automated or human administrator), an
energy utility 508 (e.g., utility company or provider), building management 510, and
so forth.

[0047] As discussed with respect to the preceding figures, the FPM 130 may
generally communicate via a demand/response interface with an energy utility 508,
receive and set rules and policies with a facility manager 506, and manage facility
102 energy resources. The FPM 130 may account for facility 102 power and
cooling, including to communicate capacity needs and requirements, manage use of
local energy, and allocate budgets to the system (i.e., to the resource manager or
SPPM 128).

[0048] In the illustrated embodiment, of FIG. 5A, as noted by the actions 502, the
FPM 130 may query and receive forecasted system power. The SPPM 128 may
develop the system demand forecast. The FPM 130 may also query and receive
current and historical system power information from the SPPM 128. Further, the
FPM 130 may query and receive the status of the power and cooling infrastructure
from building management 510. The FPM 130 may also query and receive from the
building management 510 the state of local energy storage and generation.

[0049] Moreover, as noted in FIG. 5A, the facility manager 506 may receive a
policy for power ramp and power band, and in turn facility manager 506 may set
policies and rules for control of power ramp and power band, to the FPM 130. The
FPM 130 may receive from the utility energy 508, utility expectation on power usage
and variations, as well as pricing information and incentives with respect to energy.
Of course, the reverse direction may be realized, in that the FPM 130 may also
provide similar information, and other data and information, to the facility manager
506 and the utility energy 508.

[0050] Continuing with the diagram to FIG. 5B, the FPM 130 based on the various
aforementioned information received, and other information, may develop a facility
demand forecast, develop targets and plans for local energy storage/generation and
set those targets to building management 510, and develop system level targets for
power band and ramp and set those limits to the SPPM 128. In response, the SPPM
128 may develop policies for power sequencing of jobs, develop policies for using

13



WO 2016/105625 PCT/US2015/054438

“green” and “non-green” power activities, and set job level power band and ramp
limits to the JPPM 502.

[0051] As depicted as actions 502 in FIG. 5A, the JPPM 502 may set node level
power band and ramp limits (e.g., provided alongside power budgets) to the NPPM
126. The JPPM 502 may also communicate policies for managing power ramps and
bands, including green and non-green approaches, to the NPPM 126. The NPPM
126 may maintain power consumption at respective node(s) within band and ramp
targets or limits. Lastly, it should be emphasized that other management hierarchies
not depicted in FIG. 5, including labels, levels, and configurations, are applicable to
the present techniques.

[0052] FIG. 6 is block diagram of exemplary managers and functions at the
system level and node level. In a system 106, there may be mechanisms to maintain
system 106 power-performance to give relatively high energy efficiency within the
system 106 level power budget. The SPPM 128 may work in conjunction with a
resource manager 600, for example, to meet requirements for rate of change in
power consumption. The resource manager 600 (e.g., executable code directing a
processor) may have elements such as job scheduler (not shown), job launcher (not
shown), etc., to manage user submitted jobs and launch the jobs in a prioritized
order in such a manner to meet a goal, for example, that over 95% of the nodes are
used for computations. The resource manager (RM) 600 may have components,
such as a system power-performance manager (SPPM) 128 and a job power-
performance manager (JPPM) 604 (which may be analogous to 502 of FIGS. 5A and
5B), to manage power-performance of the job. The RM 600 by selecting various
types of jobs and controlling gradual increase in job power can help meet the system
106 level target for power consumption.

[0053] As for selection of jobs, the RM 600 may select jobs 606 from queues and
schedule the jobs 606 for execution. In embodiments, the RM 600 can access tools
that estimate power needs for jobs. These estimates may help the RM 600 to select
combinations of jobs that may run to meet system 106 level power requirements for
power control.

[0054] The RM 600 may address power sequencing 608 for a job. In a particular
example, if a job starts say on 20,000 nodes 108, there may be thus a sudden
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increase in power consumption at the system 106 and the facility 102. In certain
embodiments, a RM 600 can employ multiple techniques to make this power
increase more gradual. For example, the RM 600 may coordinate with the FPM 130
to address systematic power and to make power consumption gradual for the system
106. The FPM 130 can dampen a sudden or stark increase in power consumption
by using local energy storage 140 and local energy generation 138. In another
example to make a system power increase more gradual, the RM 600 may control
performance of compute nodes 108 that run the job in such a way that the nodes
start the job at a low (e.g., lowest) frequency. The RM 600 may then gradually in a
controlled manner increase the frequency of the nodes 108 executing the job.
[0055] As for non-critical jobs 610, when a previous job finishes, the RM 600 may
designate running or execution of non-critical but useful jobs. Examples of such jobs
610 may be a system health check, diagnostics, security scan, power-performance
calibration of nodes 108, defragmentation of storage devices, scanning and
correction of errors in system memory and storage drives, and so forth. These may
be green mechanisms that improve reliability of the systems 106 and other facility
102 systems.

[0056] A power control job 612 may be a job that generates little or no useful
work and consumes energy to maintain power level over minimum. These may
clearly be a non-green option. Nevertheless, such power control jobs 612 may help
maintain system 106 level power consumption within target. In certain
embodiments, these kinds of activities may be implemented via a system power
balloon application 614 (e.g., executable code), as discussed in more detail below.
[0057] As for power consumption targets for nodes 108, the RM 600 may control
power-performance of the node 106 through a job or workload manager, such a
JPPM 604. The RM 600 via a JPPM 604, for example, can provide specific targets
in certain embodiments so that node 108 level power consumption does not change
drastically and suddenly. Again, to meet ramp or band targets, certain activities
directed to avoiding sudden changes in power rate (and also to managing power
consumption within band), may be implemented via a power balloon technique or
mechanism (module or executable code stored in memory). In certain embodiments,

there may be a power balloon at both the system level and the node level. The
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illustrated embodiment depicts a system power balloon 614 and node power balloon
622.

[0058] To maintain node 108 level power consumption within target provided by
the job manager or JPPM 604, the control of power management (PM) features, as
noted in block 618, may be addressed. A reduction in node 108 level power may be
the result of power management (PM) or power reduction technologies in a node or
a platform. These technologies may reduce component level power when the
component’s usage or computation load decreases. By disabling PM features in
some embodiments, the component level power may remain steady or substantially
steady. However, the RM 600 and/or node power balloon 622 may direct the PM for
a more gradual approach to reduce power slowly. A more gradual approach may
help meet goals for rate of change in power and also may be energy efficient.

[0059] Furthermore, non-critical applications 620 may exist for maintenance. In
examples with a power drop at a node 108, the RM 600 via the node power balloon
622 may run non-critical but useful applications 620. Although such non-critical
applications 620 may not generate computer output for any user, such applications
620 may perform maintenance and therefore improve reliability of the node 108.
Examples of such applications include node health check, diagnostics, security scan,
calibration of nodes, defragmentation of storage drives, scanning and correction of
errors in system memory and storage drives, and the like.

[0060] The SPPM 128, for instance, may implement a present technique called
power balloon (see, e.g., FIG. 7). A power balloon (614 and 622) may manage
green and non-green applications to (1) maintain system power within a power band
and (2) manage system level power fluctuations, and other results. Examples of
green applications, as alluded above as non-critical applications 620, may be system
health check, diagnostics, security scan, calibration of nodes, defragmentation of
storage drives, scanning and correction of errors in system memory and storage
drives, and so forth. Examples of non-green applications, such as those
implemented by a power balloon application, may be powering on unallocated nodes
(unallocated nodes are generally powered down to save energy), running dummy
jobs such as a power virus, asking a job manager (or JPPM 502 or 604) to run jobs
without being energy efficient, and so on. As mentioned and also depicted in FIG. 6,
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a power balloon 614, 622 may operate on the system level and the node level,
respectively. As for the node level, a node power balloon 622 may provide for a
local technique at a node 108. In particular examples, the node power balloon 622
may be a non-green technique in that the node may not generate useful compute
output in response to the power balloon activity. The node power balloon 622 may
also implement green actions. Again, the same or similar actions (green and non-
green) may be implemented on the system level via a system power balloon 614.
[0061] FIG. 7 illustrates how a node power balloon 622 can be used to
beneficially maintain node 108 power within a band. In some embodiments, this
mechanism may be responsive even when there is power consumption change in
milliseconds, for instance. The power balloon 622 can be invoked by an operating
system, or by an out-of-band mechanism or firmware. In the illustrated embodiment,
an out-of-band node manager 616 may invoke the power balloon 622. In general, a
power balloon either increases or decrease power to meet requirements for power
ramp and for power band control. Further, a power balloon may be implemented at
a node level or a system level. In the particular illustrated embodiment of FIG 7, the
power balloon is implemented at the node level and increases power to meet power
band. However, power balloon implementation may be equally or similarly
applicable or adopted at the system level, and also to adjust or control power ramp,
i.e., rate of power change (increase or decrease).

[0062] FIG. 7 is a bar chart 700 comparing power consumption of two example
compute jobs 702 and 704, or the same compute job at different times, executing on
a compute node 108 in a distributed computing system 106. The desired range or
band for the node 108 power is from a minimum power 708 to a maximum power
710. The first compute job 702 executes within the desired band. In contrast, the
second compute job 704 executes below the desired minimum power 708 for the
node 108. However, with implementation of the aforementioned power balloon
application 622, the power of node 108 when executing the second job 704 may be
increased to at or above the minimum power 708 level, as indicated by the added
power 706, to within the desired power band.

[0063] In sum, a node-level power balloon 622 can implement green and non-

green actions to manage power band and power fluctuations. Green actions or
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methods may include running node calibration, diagnostic, memory or disc scans to
detect and correct errors, virus scan, etc. Non-green actions may include disabling
or turning off power reduction features, running a dummy program (e.g., power virus)
that consumes power but generates no work output, and so forth. Again, a power
balloon implementing the aforementioned actions giving the consequence at the
node level depicted in FIG. 7, can also be implemented on the system level (see
system power balloon 614 of FIG. 6).

[0064] FIG. 8 is a block diagram depicting an example of a tangible non-
transitory, computer-readable medium that can facilitate power management of a
distributed computing system in accordance with embodiments of the present
techniques. The computer-readable medium 800 may be accessed by a processor
802 over a computer interconnect 804. The processor 802 may be one or more
compute node processors (e.g., 110), a server processor (e.g., 110, 120), or another
processor. The tangible, non-transitory, computer-readable medium 800 may
include executable instructions or code to direct the processor 802 to perform the
operations of the techniques described herein.

[0065] The various software components discussed herein may be stored on the
tangible, non-transitory, computer-readable medium 800, as indicated in FIG. 8. For
example, a power management/control module 806 (executable code/instructions)
may direct the processor 802 to manage and control power consumption and
variation at a distributed computing facility. Indeed, the module 806 executable
instructions or code may include a FPM, resource manager, SPPM, JPPM, NPPM,
system power balloon, node power balloon, and so on. The code or module 806
may be similar or the same as the aforementioned executable code 116, 124 in FIG.
1. It should be understood that any number of additional software components not
shown in FIG. 8 may be included within the tangible, non-transitory, computer-
readable medium 800, depending on the application.

[0066] Some embodiments may be implemented in one or a combination of
hardware, firmware, and software. Some embodiments may also be implemented as
instructions stored on a machine-readable medium, which may be read and
executed by a computing platform to perform the operations described herein. A

machine-readable medium may include any mechanism for storing or transmitting
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information in a form readable by a machine, e.g., a computer. For example, a
machine-readable medium may include read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical storage media; flash memory
devices; or electrical, optical, acoustical or other form of propagated signals, e.g.,
carrier waves, infrared signals, digital signals, or the interfaces that transmit and/or
receive signals, among others.

[0067] Anembodimentis an implementation or example. Reference in the
specification to “an embodiment”, “one embodiment”, “some embodiments”, “various
embodiments”, or “other embodiments” means that a particular feature, structure, or
characteristic described in connection with the embodiments is included in at least
some embodiments, but not necessarily all embodiments, of the present techniques.
The various appearances of “an embodiment”, “one embodiment”, or “some
embodiments” are not necessarily all referring to the same embodiments. Elements
or aspects from an embodiment can be combined with elements or aspects of
another embodiment.

[0068] Not all components, features, structures, characteristics, etc. described
and illustrated herein need be included in a particular embodiment or embodiments.
If the specification states a component, feature, structure, or characteristic “may”,
“might”, “can” or “could” be included, for example, that particular component, feature,
structure, or characteristic is not required to be included. If the specification or claim
refers to “a” or “an” element, that does not mean there is only one of the element. If
the specification or claims refer to “an additional” element, that does not preclude
there being more than one of the additional element.

[0069] It is to be noted that, although some embodiments have been described in
reference to particular implementations, other implementations are possible
according to some embodiments. Additionally, the arrangement and/or order of
circuit elements or other features illustrated in the drawings and/or described herein
need not be arranged in the particular way illustrated and described. Many other
arrangements are possible according to some embodiments.

[0070] In each system shown in a figure, the elements in some cases may each
have a same reference number or a different reference number to suggest that the

elements represented could be different and/or similar. However, an element may

19



WO 2016/105625 PCT/US2015/054438

be flexible enough to have different implementations and work with some or all of the
systems shown or described herein. The various elements shown in the figures may
be the same or different. Which one is referred to as a first element and which is
called a second element is arbitrary.

[0071] Examples are provided. Example 1 is a facility for computing, the facility
having systems of multiple compute nodes to execute jobs of computing. The
computing facility has memory storing code, wherein the code is executable by the
multiple compute nodes or by a processor to manage power consumption of the
facility to within a power band, and wherein to manage power consumption
comprises to adjust power consumption via a power balloon. The executable code
comprises the power balloon.

[0072] Example 2 incorporates the subject matter of Example 1. In this example,
to adjust power consumption, via the power balloon, controls rate of the power
consumption.

[0073] Example 3 incorporates the subject matter of any combination of
Examples 1-2. In this example, the computing comprises distributed computing and
the job comprises a distributed computing job. Further, to manage power
consumption includes managing power consumption at a facility level, a system
level, and a node level, and wherein the power band comprises a range from a
minimum power consumption to a maximum power consumption.

[0074] Example 4 incorporates the subject matter of any combination of
Examples 1-3. In this example, the power balloon is a node power balloon.

[0075] Example 5 incorporates the subject matter of any combination of
Examples 1-4. In this example, the power balloon is a system power balloon.
[0076] Example 6 incorporates the subject matter of any combination of
Examples 1-5. In this example, to adjust power consumption via a power balloon
comprises to implement a green technique.

[0077] Example 7 incorporates the subject matter of any combination of
Examples 1-6. In this example, to adjust power consumption via a power balloon
comprises to implement an activity that produces useful work but no computational

output for a client.
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[0078] Example 8 incorporates the subject matter of any combination of
Examples 1-7. In this example, to adjust power consumption via a power balloon
comprises to implement a non-green technique.

[0079] Example 9 incorporates the subject matter of any combination of
Examples 1-8. In this example, to adjust power consumption via a power balloon
comprises to implement an activity that produces no useful work and no additional
computational output, the activity to consume energy to maintain the power
consumption at the facility above a minimum limit of the power band.

[0080] Example 10 incorporates the subject matter of any combination of
Examples 1-9. In this example, to adjust power consumption via a power balloon
comprises to run a diagnostic or perform maintenance, or a combination thereof.
[0081] Example 11 incorporates the subject matter of any combination of
Examples 1-10. In this example, to adjust power consumption via a power balloon
comprises to power-on an unallocated powered-down node.

[0082] Example 12 incorporates the subject matter of any combination of
Examples 1-11. In this example, to adjust power consumption via a power balloon
comprises to run a process of power thermal utility to increase energy consumption
of a compute node.

[0083] Example 13 is a facility for computing, having systems of compute nodes,
each system comprising a plurality of the compute nodes to execute jobs of
distributed computing. The facility for computing includes memory storing
executable code to manage power consumption at the facility, wherein to manage
power consumption comprises to control the power consumption to within a power
band and to control rate of the power consumption at the facility, by initiating an
activity to adjust the power consumption, the activity giving no computational output.
[0084] Example 14 incorporates the subject matter of Example 13. In this
example, the activity acts on a system of compute nodes or on a compute node, or
both, and wherein the facility comprises a cloud computing facility, a distributed
computing facility, a high performance computing (HPC) facility, a Big Data analytics
facility, or any combination thereof.
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[0085] Example 15 incorporates the subject matter of any combination of
Examples 13-14. In this example, executable code comprises a power balloon to
initiate the activity.

[0086] Example 16 is a method of computing, including executing jobs of
computing on systems of computing at a facility, wherein each system comprises
multiple compute nodes. The method includes managing, via a processor, power
consumption at the facility to within a power band via a power balloon comprising
implementing green activities and non-green activities.

[0087] Example 17 incorporates the subject matter of Example 16. In this
example, managing power consumption comprises controlling rate of power
consumption.

[0088] Example 18 incorporates the subject matter of any combination of
Examples 16-17. In this example, the power balloon is at a node level.

[0089] Example 19 incorporates the subject matter of any combination of
Examples 16-18. In this example, the power balloon is at a system level.

[0090] Example 20 incorporates the subject matter of any combination of
Examples 16-19. In this example, managing power consumption via a power balloon
comprises implementing an activity that produces useful work but no computational
output for a client.

[0091] Example 21 incorporates the subject matter of any combination of
Examples 16-20. In this example, managing power consumption via a power balloon
comprises implementing an activity that produces no useful work and no additional
computational output, wherein the activity is implemented to consume energy to
maintain the power consumption at the facility above a minimum limit of the power
band.

[0092] Example 22 incorporates the subject matter of any combination of
Examples 16-21. In this example, the computing comprises distributed computing,
the system comprises a distributed computing system, and the facility comprises a
distributed computing facility.

[0093] Example 23 is a non-transitory, computer-readable medium comprising
instructions executable by a processor to manage, via a power balloon implementing

green techniques and non-green techniques, power consumption at a facility for
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distributed computing to within a power band, the facility comprising systems of
multiple compute nodes, and wherein to manage power consumption comprises to
control rate of power consumption at a facility level, a system level, and a compute
node level. The executable instructions include the power balloon.

[0094] Example 24 incorporates the subject matter of Example 23. In this
example, to manage power consumption via the power balloon comprises to
implement an activity on a system of compute nodes at the facility to produce useful
work but no computational output for a user, and wherein the power band comprises
a range from a minimum power consumption to a maximum power consumption.
[0095] Example 25 incorporates the subject matter of any combination of
Example 23-24. In this example, to manage power consumption via a power balloon
comprises to initiate an activity on a system of compute nodes at the facility to
produce no useful work and no additional computational output, wherein the activity
is implemented to consume energy to maintain the power consumption at the facility
above a minimum limit of the power band.

[0096] Example 26 is an apparatus for managing power consumption at a facility
for distributed computing, comprising means for managing, via a power balloon
implementing green techniques and non-green techniques, power consumption of
the facility to within a power band, the facility comprising systems of multiple
compute nodes, and wherein to manage power consumption comprises to control
rate of power consumption at a facility level, a system level, and a compute node
level.

[0097] Example 27 incorporates the subject matter of Example 26. In this
example, the means for managing power consumption via a power balloon
comprises means for implementing an activity on a system of compute nodes at the
facility to produce useful work but no computational output for a user, and wherein
the power band comprises a range from a minimum power consumption to a
maximum power consumption.

[0098] Example 28 incorporates the subject matter of any combination of
Examples 26-27. In this example, the means for managing power consumption via a
power balloon comprises means for initiating an activity on a system of compute

nodes at the facility to produce no useful work and no additional computational
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output, wherein the activity is implemented to consume energy to maintain the power
consumption at the facility above a minimum limit of the power band.

[0099] Example 29 is a facility for computing, the facility having systems of
multiple compute nodes to execute jobs of computing. The computing facility having
memory storing executable code to manage power consumption of the facility to
within a power band, wherein to manage power consumption comprises to control
rate of power consumption, and wherein to manage power consumption comprises
to adjust power consumption via a power balloon.

[0100] Example 30 incorporates the subject matter of Example 29. In this
example, the computing comprises distributed computing and the job comprises a
distributed computing job, wherein to manage power consumption comprises to
manage power consumption at a facility level, a system level, and a node level, and
wherein the power band comprises a range from a minimum power consumption to a
maximum power consumption.

[0101] Example 31 incorporates the subject matter of any combination of
Examples 29-30. In this example, the power balloon comprises a node power
balloon.

[0102] Example 32 incorporates the subject matter of any combination of
Examples 29-31. In this example, the power balloon comprises a system power
balloon.

[0103] Example 33 incorporates the subject matter of any combination of
Examples 29-32. In this example, to adjust power consumption via a power balloon
comprises to implement a green technique comprising to implement an activity that
produces useful work but no computational output for a client.

[0104] Example 34 incorporates the subject matter of any combination of
Examples 29-33. In this example, to adjust power consumption via a power balloon
comprises to implement a non-green technique comprising to implement an activity
that produces no useful work and no additional computational output, the activity to
consume energy to maintain the power consumption at the facility above a minimum

limit of the power band.
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[0105] Example 35 incorporates the subject matter of any combination of
Examples 29-34. In this example, to adjust power consumption via a power balloon
comprises to run a diagnostic or perform maintenance, or a combination thereof.
[0106] Example 36 incorporates the subject matter of any combination of
Examples 29-35. In this example, to adjust power consumption via a power balloon
comprises to run a process of power thermal utility to increase energy consumption
of a compute node.

[0107] Example 37 is a method of computing, including executing jobs of
computing on systems of computing at a facility, wherein each system comprises
multiple compute nodes. The method includes managing, via a power balloon,
power consumption at the facility to control rate of power consumption and to control
power within a power band, the power balloon implementing green activities and
non-green activities.

[0108] Example 38 incorporates the subject matter of Example 37. In this
example, managing power consumption via the power balloon comprises
implementing an activity that produces useful work but no computational output for a
client.

[0109] Example 39 incorporates the subject matter of any combinationof
Examples 37-38. In this example, in managing power consumption via the power
balloon comprises implementing an activity that produces no useful work and no
additional computational output, wherein the activity is implemented to consume
energy to maintain the power consumption at the facility above a minimum limit of
the power band.

[0110] Example 40 incorporates the subject matter of any combination of
Examples 37-39. In this example, managing power consumption via the power
balloon comprises to power-on an unallocated powered-down node.

[0111] Example 41 is a non-transitory, computer-readable medium comprising
instructions, including a power balloon, executable by a processor to manage power
consumption of a facility to control rate of power consumption of the facility and to
control power consumption of the facility to within a power band, the power balloon
implementing green activities and non-green activities, and wherein the facility

comprises a distributed computing facility.
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[0112] Example 42 incorporates the subject matter of Example 41. In this
example, to manage power consumption via the power balloon comprises
implementing an activity that produces useful work but no computational output for a
client.

[0113] Example 43 incorporates the subject matter of any combination of
Examples 41-42. In this example, to manage power consumption via the power
balloon comprises implementing an activity that produces no useful work and no
additional computational output, wherein the activity is implemented to consume
energy to maintain the power consumption at the facility above a minimum limit of
the power band.

[0114] Example 44 incorporates the subject matter of any combination of
Examples 41-43. In this example, to manage power consumption via the power
balloon comprises to power-on an unallocated powered-down node.

[0115] Example 45 incorporates the subject matter of any combination of
Examples 41-44. In this example, the power balloon is configured for a node level.
[0116] Example 46 incorporates the subject matter of any combination of
Examples 41-45. In this example, the power balloon is configured for a system level.
[0117] Example 47 incorporates the subject matter of any combination of
Examples 41-46. In this example, to manage power consumption via the power
balloon comprises implementing an activity that produces no useful work and no
additional computational output.

[0118] Example 48 incorporates the subject matter of any combination of
Examples 41-47. In this example, the distributed computing facility comprises high
performance computing (HPC) systems comprising compute nodes.

[0119] Example 49 incorporates the subject matter of any combination of
Examples 41-48. In this example, to manage power consumption via the power
balloon comprises to implement a green technique.

[0120] Example 50 incorporates the subject matter of any combination of
Examples 41-49. In this example, to adjust power consumption via the power
balloon comprises to implement a non-green technique.

[0121] Example 51 is a facility for computing, the facility having systems of
multiple compute nodes configured to execute jobs of computing, and memory
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storing code executable by the multiple compute nodes or by a processor to manage
power consumption of the facility to within a power band.

[0122] Example 52 incorporates the subject matter of Example 51. In this
example, the computing comprises distributed computing and the job comprises a
distributed computing job, wherein to manage power consumption comprises to
manage power consumption at a facility level, a system level, and a node level, and
to utilize local energy storage or local energy generation, or both.

[0123] Example 53 incorporates the subject matter of any combination of
Examples 51-52. In this example, the code includes a power balloon, and wherein to
manage the power consumption comprises to adjust the power consumption via the
power balloon.

[0124] Example 54 incorporates the subject matter of any combination of
Examples 51-53. In this example, to adjust power consumption, via the power
balloon, controls rate of the power consumption.

[0125] Example 55 incorporates the subject matter of any combination of
Examples 51-54. In this example, the power balloon comprises a node power
balloon.

[0126] Example 56 incorporates the subject matter of any combination of
Examples 51-54. In this example, the power balloon comprises a system power
balloon.

[0127] Example 57 incorporates the subject matter of any combination of
Examples 51-56. In this example, to adjust power consumption via the power
balloon comprises to implement a green technique.

[0128] Example 58 incorporates the subject matter of any combination of
Examples 51-57. In this example, to adjust power consumption via the power
balloon comprises to implement an activity that produces useful work but no
computational output for a client.

[0129] Example 59 incorporates the subject matter of any combination of
Examples 51-58. In this example, to adjust power consumption via the power
balloon comprises to implement a non-green technique.

[0130] Example 60 incorporates the subject matter of any combination of
Examples 51-59. In this example, to adjust power consumption via the power
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balloon comprises to implement an activity that produces no useful work and no
additional computational output, the activity to consume energy to maintain the
power consumption at the facility above a minimum limit of the power band.

[0131] Example 61 incorporates the subject matter of any combination of
Examples 51-60. In this example, to adjust power consumption via the power
balloon comprises to run a diagnostic or perform maintenance, or a combination
thereof.

[0132] Example 62 incorporates the subject matter of any combination of
Examples 51-61. In this example, to adjust power consumption via the power
balloon comprises to power-on an unallocated powered-down node.

[0133] Example 63 incorporates the subject matter of any combination of
Examples 51-62. In this example, to adjust power consumption via the power
balloon comprises to run a process of a power thermal utility to increase energy
consumption of a compute node.

[0134] Example 64 incorporates the subject matter of any combination of
Examples 51-63. In this example, to manage the power consumption comprises to
control rate of the power consumption.

[0135] Example 65 incorporates the subject matter of any combination of
Examples 51-64. In this example, to control rate of power consumption comprises to
adjust operating frequency of the compute nodes to affect power sequencing in order
to reduce initial power consumption caused by start of a job.

[0136] Example 66 incorporates the subject matter of any combination of
Examples 51-65. In this example, to manage power consumption comprises to
utilize local energy storage.

[0137] Example 67 incorporates the subject matter of any combination of
Examples 51-66. In this example, to manage power consumption comprises to
utilize local energy generation.

[0138] Example 68 is a method of computing including executing jobs of
computing on systems of computing at a facility, wherein each system has multiple
compute nodes. The method includes managing, via a processor, power
consumption of the facility to within a power band and to control rate of power

consumption.
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[0139] Example 69 incorporates the subject matter of Example 68. In this
example, managing power consumption comprises managing power consumption
via a power balloon.

[0140] Example 70 incorporates the subject matter of Example 69. In this
example, the power balloon is at a system level or a node level, or both, and
managing the power consumption via the power balloon comprises implementing a
green activity, which produces useful work but no computational output for a client.
[0141] Example 71 incorporates the subject matter of any combination of
Examples 69-70. In this example, managing the power consumption via the power
balloon comprises implementing a non-green activity on a system of multiple
compute nodes and that produces no useful work and no additional computational
output, wherein the activity is implemented to consume energy to maintain the power
consumption at the facility above a minimum limit of the power band.

[0142] Example 72 incorporates the subject matter of any combination of
Examples 68-71. In this example, managing power consumption comprises
controlling rate of power consumption at a facility level, a system level, job level, and
a compute node level.

[0143] Example 73 incorporates the subject matter of any combination of
Examples 68-71. In this example, managing power consumption comprises
controlling rate of power consumption at a job level.

[0144] Example 74 incorporates the subject matter of any combination of
Examples 68-73. In this example, the systems comprise high performance
computing (HPC) systems.

[0145] Example 75 incorporates the subject matter of any combination of
Examples 68-74. In this example, the power balloon is at a system level or a node
level, or both.

[0146] Example 76 is a facility for computing, the facility comprising: systems of
multiple compute nodes configured to execute jobs of distributed computing; and
memory storing code executable by the multiple compute nodes or by a processor to
manage power consumption of the facility to within a power band, and to control rate

of the power consumption.

29



WO 2016/105625 PCT/US2015/054438

[0147] Example 77 incorporates the subject matter of Examples 76. In this
example, to manage power consumption comprises to manage power consumption
at a facility level, a system level, and a node level, and to utilize local power storage
or local power generation, or both.

[0148] Example 78 incorporates the subject matter of any combination of
Examples 76-77. In this example, the code comprises a power balloon, and wherein
to manage power consumption comprises to adjust power consumption via the
power balloon implementing a green technique that produces useful work but no
computational output for a client.

[0149] Example 79 incorporates the subject matter of any combination of
Examples 76-78. In this example, the code comprises a power balloon, and wherein
to manage power consumption comprises to adjust power consumption via the
power balloon implementing a non-green activity that produces no useful work and
no additional computational output, the non-green activity to consume energy to
maintain the power consumption at the facility above a minimum limit of the power
band.

[0150] Example 80 incorporates the subject matter of any combination of
Examples 76-79. In this example, the non-green activity comprises to power-on an
unallocated powered-down node.

[0151] Example 81 incorporates the subject matter of any combination of
Examples 76-80. In this example, to manage power consumption comprises to
adjust power consumption via a power thermal utility to increase energy
consumption of a compute node.

[0152] Example 82 incorporates the subject matter of any combination of
Examples 76-81. In this example, to control rate of power consumption comprises to
adjust operating frequency of the compute nodes to affect power sequencing in order
to reduce initial power consumption caused by start of a distributed computing job.
[0153] Example 83 is a non-transitory, computer-readable medium comprising
instructions executable by a processor to manage power consumption by a facility to
within a power band and to control rate of power consumption by the facility, the
facility having distributed computing systems having multiple compute nodes.
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[0154] Example 84 incorporates the subject matter of Example 83. In this
example, to manage power consumption comprises to manage power consumption
at a facility level, a system level, and a compute node level, and wherein the power
band comprises a range from a specified minimum power consumption to a specified
maximum power consumption.

[0155] Example 85 incorporates the subject matter of any combination of
Examples 83-84. In this example, the instructions executable by the processor
comprise a power balloon, and wherein to manage power consumption comprises to
adjust power consumption via the power balloon implementing a green activity that
produces useful work but no computational output for a user.

[0156] Example 86 incorporates the subject matter of any combination of
Examples 83-85. In this example, instructions executable by the processor comprise
a power balloon, and wherein to manage power consumption comprises to adjust
power consumption via the power balloon implementing a non-green activity that
produces no useful work and no additional computational output, wherein the activity
is implemented to consume energy to maintain the power consumption at the facility
above a specified minimum limit of the power band.

[0157] Itis to be understood that specifics in the aforementioned examples may
be used anywhere in one or more embodiments. For instance, all optional features
of the computing device described above may also be implemented with respect to
either of the methods described herein or a computer-readable medium.
Furthermore, although flow diagrams and/or state diagrams may have been used
herein to describe embodiments, the present techniques are not limited to those
diagrams or to corresponding descriptions herein. For example, flow need not move
through each illustrated box or state or in exactly the same order as illustrated and
described herein.

[0158] The present techniques are not restricted to the particular details listed
herein. Indeed, those skilled in the art having the benefit of this disclosure will
appreciate that many other variations from the foregoing description and drawings
may be made within the scope of the present techniques. Accordingly, it is the
following claims including any amendments thereto that define the scope of the
present techniques.
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CLAIMS
What is claimed is:

1. A facility for computing, the facility comprising:

systems of multiple compute nodes configured to execute jobs of computing;
and

memory storing code executable by the multiple compute nodes or by a
processor to manage power consumption of the facility to within a power band.

2. The facility of claim 1, wherein the computing comprises distributed
computing and the job comprises a distributed computing job, wherein to manage
power consumption comprises to manage power consumption at a facility level, a
system level, and a node level, and to utilize local power storage or local power
generation, or both.

3. The facility of claim 1, wherein the code comprises a power balloon,
and wherein to manage the power consumption comprises to adjust the power

consumption via the power balloon.

4. The facility of claim 3, wherein to adjust power consumption, via the
power balloon, controls rate of the power consumption.

5. The facility of claims 3 and 4, wherein the power balloon comprises a
node power balloon.

6. The facility of claims 3 and 4, wherein the power balloon comprises a
system power balloon.

7. The facility of claims 3 and 4, wherein to adjust power consumption via
the power balloon comprises to implement a green technique.
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8. The facility of claims 3 and 4, wherein to adjust power consumption via
the power balloon comprises to implement an activity that produces useful work but
no computational output for a client.

9. The facility of claims 3 and 4, wherein to adjust power consumption via
the power balloon comprises to implement a non-green technique.

10.  The facility of claims 3 and 4, wherein to adjust power consumption via
the power balloon comprises to implement an activity that produces no useful work
and no additional computational output, the activity to consume energy to maintain

the power consumption at the facility above a minimum limit of the power band.

11.  The facility of claims 3 and 4, wherein to adjust power consumption via
the power balloon comprises to run a diagnostic or perform maintenance, or a
combination thereof.

12.  The facility of claims 3 and 4, wherein to adjust power consumption via

the power balloon comprises to power-on an unallocated powered-down node.

13.  The facility of claims 3 and 4, wherein to adjust power consumption via
the power balloon comprises to run a process of a power thermal utility to increase
energy consumption of a compute node.

14.  The facility of claims 1 and 2, wherein to manage the power

consumption comprises to control rate of the power consumption.
15.  The facility of claim 14, wherein to control rate of power consumption

comprises to adjust operating frequency of the compute nodes to affect power
sequencing in order to reduce initial power consumption caused by start of a job.
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16. A facility for computing, comprising:

systems of compute nodes, each system comprising a plurality of the
compute nodes to execute jobs of distributed computing; and

memory storing executable code to manage power consumption at the facility,
wherein t0 manage power consumption comprises to control power consumption of
the facility to within a power band and to control rate of the power consumption of the
facility, by initiating an activity to adjust the power consumption, the activity giving no
computational output.

17.  The facility of claim 16, wherein the activity acts on a system of
compute nodes or on a compute node, or both, and wherein the facility comprises a
cloud computing facility, a distributed computing facility, a high performance
computing (HPC) facility, a Big Data analytics facility, or any combination thereof.

18.  The facility of claims 16 and 17, wherein executable code comprises a
power balloon to initiate the activity.

19. A method of computing, comprising:

executing jobs of computing on systems of computing at a facility, wherein
each system comprises multiple compute nodes; and

managing, via a processor, power consumption of the facility to within a power
band and to control rate of power consumption.

20. The method of claim 1, wherein managing power consumption

comprises managing power consumption via a power balloon.

21.  The method of claim 20, wherein the power balloon is at a system level
or a node level, or both, and managing the power consumption via the power balloon
comprises implementing a green activity, which produces useful work but no

computational output for a client.
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22.  The method of claim 20, wherein managing the power consumption via
the power balloon comprises implementing a non-green activity, which produces no
useful work and no additional computational output, wherein the activity is
implemented to consume energy to maintain the power consumption at the facility

above a minimum limit of the power band.

23. A non-transitory, computer-readable medium comprising instructions
executable by a processor to manage power consumption by a facility to within a
power band and to control rate of power consumption by the facility, the facility
having distributed computing systems having multiple compute nodes.

24.  The non-transitory, computer-readable medium of claim 23, wherein
the instructions executable by the processor comprise a power balloon, and wherein
to manage power consumption comprises to adjust power consumption via the
power balloon implementing a green activity that produces useful work but no

computational output for a user.

25.  The non-transitory, computer-readable medium of claims 23 and 24,
wherein the instructions executable by the processor comprise a power balloon, and
wherein to manage power consumption comprises to adjust power consumption via
the power balloon implementing a non-green activity that produces no useful work
and no additional computational output, wherein the activity is implemented to
consume energy to maintain the power consumption at the facility above a specified
minimum limit of the power band.
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