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SELECTIVELY ENABLING BACKUP POWER TO NODES

BACKGROUND

[0001] As reliance on computing systems continues to grow, so too does the
demand for reliable power systems and backup schemes for these computing systems.
Servers, for example, may provide architectures for backing up data to flash or
persistent memory as well as backup power sources for powering the backup of data

after an interruption of power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Some examples of the present application are described with respect to the

following figures:

[0003] FIG. 1 is a block diagram of a system including a control module to

selectively enable backup power to a plurality of nodes, according to an example;

[0004] FIG. 2 is a block diagram of a system including a control module to

selectively enable backup power to a plurality of nodes, according to an example;

[0005] FIG. 3 is a flowchart illustrating a method for selecting enabling, by a

control module, backup power to a plurality of nodes, according to an example;

[0006] FIG. 4 is a flowchart illustrating a method for selectively enabling, by a

control module, backup power to a plurality of loads, according to an example; and

[0007] FIG. 5 is a block diagram of a computer-readable storage medium
including instructions executable by a processor to selectively enable backup power to

a plurality of nodes, according to an example.
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DETAILED DESCRIPTION

[0008] As the demand for low cost, scalable and density optimized high-
performance computing increases, so too does the demand for higher density memory
modules and storage. To improve the reliability of such computing systems and to
prevent data loss, a backup power supply such as a battery backup unit may be
provided, in the event of a primary power loss. As the demand for higher
performance battery backup increases, the cost of backup power source may also
increase in a node-based solution, where the battery backup resides on the node (e.g.,
a server node). If the node backup power source fails, in addition to the cost of
replacing the backup power source, the corresponding server node my not have write
cache (i.e., backup) enabled, thus resulting in an undesirable performance
degradation. Accordingly, the node-based backup power solution may become
expensive and unreliable as the demand for higher density memory modules and

storage requires more power in the event of a power loss.

[0009] Examples disclosed herein address the above needs and challenges by
providing a backup power supply at the enclosure/chassis level that is shared across
multiple compute nodes (e.g., server nodes) and their corresponding loads (e.g.,
components such as memory, hard drives, array controllers, etc.). The shared backup
power source is located within the enclosure/chassis of the system and may not be
directly accessible by any node. A control module (e.g., a management system) can
dynamically allocate backup power to the server nodes (and corresponding loads)
based on a capacity of the shared backup power supply and demand (i.e., backup

power demand) of the nodes.

[0010] In various examples, the control module can monitor the health and status
of the backup power supply and enable/disable or isolate the backup power supply in
the event of faults, enable/disable charging of the backup power supply, manage
backup for the nodes in the event of primary power loss, provide brown-out
management, and manage and dynamically allocate backup power to the nodes, for
example, using conditionally controlled switches. Moreover, the control module can
selectively provide power to the nodes, from the backup power supply, incrementally

and while the backup power supply is charging (or not fully charged). The selective
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provisioning of the backup power can be based on a priority level of the nodes, a first-

come-first-served basis, a round robin fashion, or any other predetermined basis.

[0011] In one example, a system includes a plurality of compute nodes, where
each node includes a plurality of loads. The system also includes at least one backup
power supply and control module coupled to the nodes and to the at least one backup
power supply. The control module is to selectively enable an output of power from
the at least one backup power supply to the nodes based on a comparison of a power
capacity of the at least one backup power supply and a backup power demand of the

nodes.

[0012] In another example, a method includes determining a power capacity of a
plurality of backup power supplies and determining a backup power demand of a
plurality of nodes, each node including a plurality of loads. The method also includes
selectively enabling an output of backup power from the plurality of backup power
supplies to the plurality of nodes based on a comparison of the power capacity and the

backup power demand.

[0013] In another example, a non-transitory computer-readable storage medium is
encoded with instructions executable by a processor to determine a power capacity of
a plurality of backup power supplies and to determine a backup power demand of a
plurality of nodes. The instructions are further executable to selectively enable an
output of backup power from the plurality of backup power supplies to the plurality of
nodes based on the power capacity of the backup power supplies, the backup power
demand of the nodes, and a priority level of the nodes or a first-come-first-served
basis. The selective enablement is performed incrementally, prior to the backup

power supplies being fully charged.

[0014] Referring now to the figures, FIG. 1 is a block diagram of a system
including a control module to selectively enable backup power to a plurality of nodes,
according to an example. System 100 can include an enclosure/chassis 102 of the
computing system 100. The enclosure/chassis 102 can include a plurality of compute
nodes 104, at least one backup power supply 106, and a control module 108. Control
module 108 can be operatively coupled to the compute nodes 104 and to the at least

one backup power supply 106.
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[0015] Nodes 104 can include a server such as a blade server, a rack server, or a
tower server for example. Nodes 104 can each include a plurality of loads. For
example, a load can be a cache memory, dual in-line memory module (DIMM), non-
volatile dual in-line memory module (NVDIMM), hard drives, network interface
controller (NIC), video card, processing resource, and/or array control logic, among

other storage controllers and/or devices.

[0016] Backup power supply 106 can be or include an energy component to
convert stored energy to electrical energy to deliver power (i.e., backup power) to the
nodes 104 (and corresponding loads) in the event of loss of power from the primary
power supply 110. Examples of backup power supply 106 can include, but are not
limited to, a rechargeable battery, a capacitor (e.g., supercapacitor, ultracapacitor,
etc.), a flywheel, and the like. Primary power supply 110 can include an alternating
current (AC) power supply such as voltage from a wall outlet (mains supply) that is
lowered to a desired voltage (e.g., 12V). Primary power supply 110 can power the
components and devices in the enclosure/chassis 102 including charging the backup
power supply 106. As explained above, backup power supply 106 can be shared by
the nodes 104 on a chassis/enclosure level, compared to, for example, a node-based
level where the backup power supply 106 is provided to each node 104. In this
manner, potential data loss and reliability issues presented by a node-based backup
power supply failure may be avoided, by dynamically monitoring the status, capacity,
and health of the backup power supply 106, determining the backup power demand of

the nodes 104, and allocating backup power, using the control module 108.

[0017] Control module 108 may include, but is not limited to, a processor, circuit
logic, a set of instructions executable by a processor, a microchip, a chipset, an
electronic circuit, a microprocessor, a microcontroller, a central processing unit, or the
like (i.e., hardware, firmware, logic and/or executable instructions). Control module
108 can be a management system, such as a rack manager. Control module 108 can
be responsible for and manage a plurality of functionalities of the backup power
supply 106 and the nodes 104. For example, control module 108 may control power
charging and discharging of the backup power supply 106 or other operations of the
backup power supply 106 such as communication with the nodes 104, provide

protection to the backup power supply 106 such as short circuit protection,
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charge/discharge protection, current/voltage protection, temperature protection,

communication accuracy/error robust protection etc.

[0018] In various examples, control module 108 can selectively enable output
power from the backup power supply 106 to the nodes 104 based on a comparison of
the power capacity of the backup power supply and a power demand of the nodes 104.
The selective enablement of backup power can be in response to a loss of primary
power from the primary power supply 110. Further, the selective enablement of
power from the backup power supply 106 to the nodes can be based on a priority level
of the nodes 104, a first-come-first-served basis, a round-robin schedule, or any other
factor selected for allocating backup power to the nodes 104. Control module 108 can
determine the backup power demand of the nodes 104 based on the quantity or
amount of loads in each node 104. For example, the control module 108 can receive a
quantity of loads from the nodes 104 and the control module 108 can determine the
backup power demand by estimating the backup power demand based on the quantity

of loads and an estimated power demand per load.

[0019] During operation, for example, control module 108 can dynamically
monitor the power capacity of the backup power supply 106 and backup power
demand of the nodes 104(and their loads) and make power allocation decisions on an
on-going basis (e.g., based on priority), even prior to the backup power supply 106
being fully charged (or while being charged). For example, if the power demand of
the nodes 104 exceeds the power capacity of the backup power supply 106, the
control module 108 can selectively allocate power or enable output of power from the
backup power supply 106 to a subset of nodes 104 based on priority (or any other
factor), and incrementally enable out of backup power to the remaining nodes as the
power capacity of the backup power supply 106 increases. Similarly, if the power
capacity of the backup power supply 106 is degraded, control module 108 can
selectively disable backup power to certain nodes 104 (e.g., based on priority), and
initiate a cache flush or other fail-safe operations of such nodes 104 to prevent data
loss. As the backup power supply 106 continues to charge and the power capacity
increases, backup power can be enabled to more nodes 104. Accordingly, nodes 104
with higher priority can have their cache enabled much faster on an incremental basis

while the backup power supply 106 is still being charged.
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[0020] In various examples, the control module 108 can monitor the health (e.g.,
temperature, etc.) and status (e.g., capacity, etc.) of each of the plurality of nodes 104.
If a fault is detected at the backup power supply 106, the control module 108 can
isolate the faulty backup power supply 106 by tuning off a power supply that charges
the faulty backup power supply 106, for example. In other examples, if the
temperature of a backup power supply 106 reaches a certain levels, the control
module 108 can take appropriate actions such as notifying a baseboard management
controller of the system 100 to take actions to cool it down. In yet other examples, if
the temperature of a backup power supply 106 exceeds a certain threshold level, the
control module 108 can disable backup power from the backup power supply to the
nodes 104 and initiate a cache flush of the nodes 104. Once the temperature of the
backup power supply 106 returns to normal, the control module can enable backup

power from the backup power supply 106 to the nodes 104.

[0021] In some examples, the nodes 104 and the backup power supply 106 are
modular such that they can be hot-plugged into the enclosure/chassis 102. As used
herein, “hot-pluggable” or “hot-plug” means the component or device is replaceable
(either by addition or removal) without having to shut down the system. Thus, the
backup power supply 106 can be easily replaced at the enclosure/chassis level instead
of replacing individual backup power supplies on the nodes 104. In an example
where an additional backup power supply 106 is detected, control module 108 can
reallocate power to the nodes based on the additional backup power supply 106 (e.g.,

due to an increase in power capacity).

[0022] In other examples, the control module 108 can detect the addition or
removal of nodes 104 (i.e., hot-insertion/hot-removal) and reallocate power to the
nodes accordingly. For example, if the power capacity of the backup power supply
106 is not enough to handle a newly-inserted node 104, the control module 108 may
deny backup power to that node until the power capacity of the backup power supply
increases and is enough to handle the newly-inserted node 104. As another example,
when a hot-removal of a node 104 is detected (e.g., via request for hot-removal), the
control module 108 can initiate a cache flush of the node 104 before the physical
removal of the node 104 occurs. Once the cache is flushed and the node 104 is
removed, the backup power previously allocated to that node 104 is reclaimed and

added to the power capacity for supporting other nodes 104.
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[0023] FIG. 2 is a block diagram of a system including a control module to
selectively enable backup power to a plurality of nodes, according to an example.
System 200 includes an enclosure/chassis 202 having a plurality of
components/devices. Enclosure/chassis 202 includes a control module 208 and a
shared backup power supply (BPS) system including a plurality of BPS (e.g., BPS
206-1, 206-2 and 206-N, collectively referred to herein as BPS 206).
Enclosure/chassis 202 also includes a plurality of nodes such as server nodes (e.g.,
server node 204-1, 204-2 and 204-5, collectively referred to herein as server node
204). The server nodes are hot-pluggable and can be inserted/removed in designated
slots (e.g., server node slot 204-3 and 204-4 shown in dotted lines) in the
enclosure/chassis 202. Enclosure/chassis 202 can be coupled to a primary power

supply 210.

[0024] In the example of FIG. 2, BPS 206 has a power capacity that can support
50 loads. Thus, BPS 206 can provide backup power to 50 loads. Node 204-1
includes 5 loads, node 204-2 includes 10 loads, and node 204-5 includes 15 loads, as
shown. During operation, when the BPS 206 reaches a charge level where the BPS
206 can serve 5 loads, the control module 208 enables output of backup power to
node 204-1. Subsequently, when the BPS 206 charge reaches a level where the BPS
206 can serve 15 loads, the control module 208 enables backup power output to node
204-2. When the BPS 206 charge reaches a level where the BPS 206 can serve 30
loads, the control module 208 enables backup power output to node 204-5. If, for
example, during runtime, node 204-5 is removed and replaced with a new node with
40 loads (i.e., bringing the total number of loads to 55), the control module 208 will

not enable backup power output for the new node.

[0025] As another example, consider a scenario where the BPS capacity is 50
loads and node 204-1 has 12 loads with a 1* priority level, node 204-2 has 15 loads
with a 3" priority level, and node 204-5 has 15 loads with a 2" priority level. If,
during operation, the BPS 206 becomes degraded (e.g., one or more of the BPS 206-1,
206-2 and 206-N degrades) and the BPS 206 capacity falls to 40 loads, since node
204-2 has the lowest priority, the control module 208 can instruct node 204-2 to flush
its cache and disable write cache. Accordingly, node 204-2 does not receive backup

power while node 204-1 and 204-5, with higher priorities, are enabled.
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[0026] FIG. 3 is a flowchart illustrating a method for selecting enabling, by a
control module, backup power to a plurality of nodes, according to an example.
Method 300 can be implemented, for example, in the form of executable instructions
stored on a non-transitory machine-readable storage medium and/or in the form of
electronic circuitry. The example method 300 will now be described with further

reference to FIG. 1.

[0027] Method 300 includes determining a power capacity of a plurality of
backup power supplies, at 310. For example, control module 108 can dynamically
and continuously monitor the status and health of the plurality of backup power

supplies 106 to determine the power capacity of the backup power supplies 106.

[0028] Method 300 includes determining a backup power demand of a plurality
of nodes, each node including a plurality of loads, at 320. For example, control
module 108 can determine the backup power demand of the nodes 104 based on a

quantity or amount of loads in each node 104.

[0029] Method 300 also includes selectively enabling an output of backup power
from the plurality of backup power supplies to the plurality of nodes based on a
comparison of the power capacity and the backup power demand, at 330. For
example, control module 108 can selectively enable the output of backup power from
the backup power supplies 106 to the nodes 104 based on a comparison of the power
capacity of the backup power supplies 106 and the power demands of the nodes 104.
In various examples, the selective enabling is further based on a priority level of the
nodes 104, on a first-come-first-served basis, or a round-robin basis. Further, the
selective enabling can be performed incrementally and prior to the backup power
supplies 106 being fully charged (e.g., while charging). In some examples, the
method 300 of FIG. 3 includes additional steps in addition to and/or in lieu of those
depicted in FIG. 3.

[0030] FIG. 4 is a flowchart illustrating a method for selectively enabling, by a
control module, backup power to a plurality of loads, according to an example.
Method 400 can be implemented, for example, in the form of executable instructions
stored on a non-transitory machine-readable storage medium and/or in the form of

electronic circuitry.
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[0031] Method 400 includes monitoring a status of the backup power supplies, at
410. For example, control module 108 can monitor the health and status of the
backup power supplies 106. Health and status information can include power
capacity, charge level, temperature, fault, and other data associated with the backup

power supplies 106.

[0032] Method 400 includes detecting a faulty backup power supply and isolating
the faulty backup power supply, at 420. For example, control module 108 can detect
a faulty backup power supply and isolate the faulty backup power supply 106 by
disabling output of backup power from the faulty backup power supply 106 and/or
turning off the power supply that charges the faulty backup power supply 106. In
other examples, the control module 108 can take corrective actions such as initiating
cooling down of backup power supply 106 whose temperature exceeds a certain

threshold.

[0033] Method 400 includes reallocating the backup power output to the plurality
of nodes based on the detection, at 430. For example, control module 108 can
reallocate the backup power output from the remainder of the backup power supplies
106 (i.e., non-faulty backup power supplies 106) to the nodes 104 based on priority or

other factors.

[0034] Method 400 includes detecting an addition of a backup power supply and
reallocating the backup power output to the plurality of nodes based on the addition of
the backup power supply, at 440. For example, if a backup power supply 108 is
added which can lead to an increased capacity, the control module 108 can reallocate
the backup power output to the nodes 104 based on the addition, thereby enabling

more nodes 104.

[0035] Method 400 includes detecting a removal or an addition of a node and
reallocating the backup power output to the plurality of nodes based on the removal or
addition of the node and initiating a cache flush responsive to detection of the removal
of the node, at 450. In various examples, the nodes 104 are modular such that they
are hot-pluggable. In one example, in response to the removal or addition of a node,
the control module 108 can reallocate the backup power output accordingly (i.e.,
enable more nodes or disable more nodes). Further, in response to a removal of the

node 104, the control module 108 can initiate a cache flush of the node 104 to prevent
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data loss. In some examples, the method 400 of FIG. 4 includes additional steps in

addition to and/or in lieu of those depicted in FIG. 4.

[0036] FIG. 5 is a block diagram of a computer-readable storage medium
including instructions executable by a processor to selectively enable backup power to
a plurality of nodes, according to an example. Enclosure/chassis 500 includes
computer-readable storage medium 520. Computer-readable storage medium 520
includes instructions 521, 522, and 523 executable by a processor 510 to perform the

functionalities described therein.

[0037] Power capacity determining instructions 521 include instructions to
determine a power capacity of a plurality of backup power supplies. For example, the
instructions 521 can be executable to monitor a health and status, including power

capacity, of a plurality of backup power supplies.

[0038] Backup power demand determining instructions 522 include instructions
to determine a backup power demand of a plurality of nodes. For example, the
instructions 522 can be executable to determine the backup power demand of nodes,
where each node includes a plurality of loads. The demand can be based on a

quantity or an amount of load in each node.

[0039] Backup power output enabling instructions 523 include instructions to
selectively enable an output of backup power from the plurality of backup power
supplies to the plurality of nodes based on the power capacity of the backup power
supplies, the backup power demand of the nodes, and a priority level of the nodes, or
a first-come-first-served basis, where the selective enablement is performed
incrementally, prior to the backup power supplies being fully charged. Further, the
instructions 523 can be executable to detect an addition of a backup power supply and
reallocate backup power output to the nodes based on the addition, detect a removal
or an addition of a node and reallocate backup power output to the nodes based on the
addition or removal, and to initiate a cache flush in response to the removal of a node.
In various examples, the backup power supplies and the nodes are modular and hot-

pluggable.

[0040] The techniques described above may be embodied in a computer-readable
medium for configuring a computing system to execute the method. The computer-

readable media may include, for example and without limitation, any number of the
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following non-transitive mediums: magnetic storage media including disk and tape
storage media; optical storage media such as compact disk media (e.g., CD-ROM,
CD-R, etc.) and digital video disk storage media; holographic memory; nonvolatile
memory storage media including semiconductor-based memory units such as FLASH
memory, EEPROM, EPROM, ROM; ferromagnetic digital memories; volatile storage
media including registers, buffers or caches, main memory, RAM, etc.; and the
Internet, just to name a few. Other new and obvious types of computer-readable
media may be used to store the software modules discussed herein. Computing
systems may be found in many forms including but not limited to mainframes,
minicomputers, servers, workstations, personal computers, notepads, personal digital
assistants, tablets, smartphones, various wireless devices and embedded systems, just

to name a few.

[0041] In the foregoing description, numerous details are set forth to provide an
understanding of the present disclosure. However, it will be understood by those
skilled in the art that the present disclosure may be practiced without these details.
While the present disclosure has been disclosed with respect to a limited number of
examples, those skilled in the art will appreciate numerous modifications and
variations therefrom. It is intended that the appended claims cover such modifications

and variations as fall within the true spirit and scope of the present disclosure.
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CLAIMS

What is claimed is:

1. A system, comprising:
a plurality of compute nodes, wherein each node includes a plurality of loads;
at least one backup power supply; and
a control module coupled to the nodes and to the at least one backup power
supply, the control module to:
selectively enable an output of power from the at least one backup
power supply to the nodes based on a comparison of a power
capacity of the at least one backup power supply and a backup

power demand of the nodes.

2. The system of claim 1, wherein the control module is to selectively enable
the output of power from the at least one backup power supply to the nodes based on

a priority level of the nodes or a first-come-first-served basis.

3. The system of claim 1, wherein the control module is to selectively enable
the output power from the at least one backup power supply to the nodes prior to the

at least one backup power supply being fully charged.

4. The system of claim 1, wherein the control module is to incrementally
enable the output of power from the at least one backup power supply to the nodes

while the backup power supply is being charged.

5. The system of claim 1, wherein the control module is to determine the

backup power demands of the nodes based on a quantity of loads in each node.

6. The system of claim 1, wherein the control module is to monitor a health
and status of the at least one backup power supply and to isolate the at least one

backup power supply when a fault is detected.

7. The system of claim 1, wherein the control module is to:
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detect an addition of a backup power supply and reallocate backup power to
the nodes based on the addition;

detect a removal or an addition of a node and reallocate backup power to the
nodes based on the removal or addition; and

initiate a cache flush prior to removal of the node,

wherein the backup power supply and the plurality of nodes are hot-pluggable.

8. The system of claim 1, wherein if the power capacity of the at least one
backup power supply is less than the backup power demand of the nodes, the control
module is to determine a first subset of the nodes to receive backup power from the at
least one backup power supply, and wherein the determination is based on a priority

level assigned to the nodes or a first-come-first-served basis.

9. The system of claim 8, wherein the control module is to:

determine a second subset of the nodes that do not receive backup power from
the at least one backup power supply and initiate a cache flush of the
second subset of nodes; and

incrementally allocate backup power to the second subset of nodes as the

power capacity of the at least one backup power supply increases.

10. A method, comprising:

determining a power capacity of a plurality of backup power supplies;

determining a backup power demand of a plurality of nodes, each node
including a plurality of loads; and

selectively enabling an output of backup power from the plurality of backup
power supplies to the plurality of nodes based on a comparison of the

power capacity and the backup power demand.
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11. The method of claim 10, comprising selectively enabling the output of
backup power from the plurality of backup power supplies to the nodes based on a
priority level of the nodes or a first-come-first-served basis, wherein the selective
enabling is performed prior to the plurality of backup power supplies being fully
charged.

12. The method of claim 10, comprising:

monitoring a status of the backup power supplies;

detecting a faulty backup power supply and isolating the faulty backup power
supply; and

reallocating the backup power output to the plurality of nodes based on the

detection.

13. The method of claim 10, comprising:

detecting an addition of a backup power supply and reallocating the backup
power output to the plurality of nodes based on the addition of the
backup power supply; and

detecting a removal or an addition of a node and reallocating the backup
power output to the plurality of nodes based on the removal or addition
of the node and initiating a cache flush in response to detecting the
removal of the node,

wherein the plurality of backup power supplies and the plurality of nodes are

modular such that they can be hot-plugged.
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14. A non-transitory computer-readable storage medium encoded with
instructions executable by a processor of a computing system, the computer-readable
storage medium comprising instructions to:

determine a power capacity of a plurality of backup power supplies;

determine a backup power demand of a plurality of nodes; and

selectively enable an output of backup power from the plurality of backup

power supplies to the plurality of nodes based on the power capacity of

the backup power supplies, the backup power demand of the nodes,

and a priority level of the nodes or a first-come-first-served basis,
wherein the selective enablement is performed incrementally, prior to the

backup power supplies being fully charged.

15. The non-transitory computer-readable storage medium of claim 14,
comprising instructions to:

detect an addition of a backup power supply and reallocate backup power
output to the nodes based on the addition of the backup power supply;

detect a removal or an addition of a node and reallocate backup power output
to the nodes based on the removal or addition of the node; and

initiate a cache flush in response to the removal of the node,

wherein the plurality of backup power supplies and the plurality of nodes are

hot-pluggable.
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Determine a power capacity of a plurality of backup power supplies

_—320

Determine a backup power demand of a plurality of nodes, each node
including a plurality of foads

Selectively enable an output of backup power from the plurality of
backup power supplies to the plurality of nodes based on a comparison
of the power capacity and the backup power demand

FIG. 3
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Monitor a status of the backup power supplies

l 420

Detect a faulty backup power supply and isolate the faulty backup
power supply

l - 430

Reallocate the backup power output to the plurality of nodes based on
the detection

l P 440

Detect an addition of a backup power supply and realiocate the backup
power output to the plurality of nodes based on the addition of the
backup power supply

l - 450

Detect a removal or an addition of a node and reallocate the backup
power output {o the plurality of nodes based on the removal or addition
of the node and initiate a cache flush responsive to detection of the
removal of the node

FIG. 4

PCT/US2015/018131
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