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(57) Abstract: Techniques for powering nodes are provided. In one as-
pect, a management processor may receive an indication to power up a
first node. The management processor may determine a first set of nodes
that are to be powered up prior to powering up the first node. A subset of
the first set of nodes that are not already powered up may be determined.
The subset of nodes may be powered up prior to powering up the first
node. The first node may then be powered up.
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POWERING NODES
BACKGROUND

(86811 Modern compulers typically include a power control system which
receives signals indicating if the computer is to be powered on or powered off.
For example, the power bullon on a computer may not be directly connected to
the computer’'s power supply. Insiead, pressing the power buiton generates a
signal, often called a power management event {(PME), which is received by
power control circuilry within the computer that is always active as fong as the
computer is connecied to power. This circuilry, in turmn, aclivates the power
supply of the computer, if the computer was off, thus turning the computer on.
Likewise, if the computer was already on, the PME event would cause the
computer to shuldown.

106821  In addition, certain components of the compuler may be configured to
always remain available to some extent, regardless of the power state of the
overall computer. For example, a network interface card (NIC) may be
configured to remain on regardless of the power siate of the computer. When
the NIC receives a certain packet, often referred o as a magic packet, the NIC
may generate a power on signal, similar to the one described above. Thus, a
computer that is in an off state may be woken up through a local area network
{(LAN)} connection. Remote power on of a computer over a network is often
referred to as Wake on LAN (WOL).

BRIEF DESCRIPTION OF THE DRAWINGS

106831 FIG. 1is an example high level diagram of a system ulilizing the node

powering techniques described herein.
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168641 FIG. 2 is an example of a high level flow diagram for determining a
power on sequence of nodes, according to techniques described herein.

106651  FIG. 3 is ancther example of a high level flow diagram for determining
a power on sequence of nodes, according {o technigues described herein.
160087  FIG. 4 is an example of a high level flow diagram for ordsred
powering on of nodes, according to techniques described herein,

106871 FIG. 5 is ancther example of a high level flow diagram for ordered

powering on of nodes, according to technigues described herein.

DETAILED DESCRIPTION

106081 The use of a PME signal to power on/off a computer is an effeclive
way 1o manage a standalone system, because the entire system is either {o be
turned on or twrned off. For example, in a deskiop computer, all of the
components of the computer, such as the processor, storage (8.9, hard drives),
memaory, and inputfoutput (0} devices, will be turmed on or off together. Either
all of the components should be turned on or none of them should be turmed on.
Thus, a single PME signal is able to conirol the entire computer.

106081 However, a problem arises in computer systems that follow a more
modular design. In modular computer systems, the various components may
be included as standalone entiies, which may also be referred to as nodes. For
example, one node lype may be a compuie node, which contains computing
resources such as a processor and memory. Another node type may be a
storage node, which contains storage resources, such as hard drives. Yet
another node type may be an 10 node, which contains resources for
inputfoutput operations.

180101  The various nodes may be connecied via an connection fabric,
allowing the nodes to communicate with each other. For example, a compute
node may communicate with a siorage node that provides storage resources for
that compute node. In addition, in some cases the nodes may be shared. For
example, two different compute nodes may share a siorage node, and both
compute nodes use the same siorage node o provide persisient storage. Such

configurations give rise o a situation in which a particular node does not, and
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should not, have direct control of the power state of another node. For
example, if two compute nodes share a storage node, powering down one
compute node should not power down the storage node, otherwise, the second
compute node would be left without storage resources.

160111  As should be clear, a single PME signal would be difficultto usein a
modular syslem. For example, if a compute node is sent a power on signal, that
signal cannot be directly routed to the associated storage node, because that
storage node may already be powered on, providing service (o a different
compute node. Furthermore, a compute node may need the storage node to be
up and running prior to powering on the compute node. For example, the
storage node may include the boot resources used by the compute node for
hooting. Thus, a hardwired PME signal would be ineffective, because the
current siate of the system would first need to be analyzed o determine which
components are 1o be powered up.

(06121 Further exacerbaling the problem is the fact that modular sysiems
may be highly configurable through software. For example, a compute node
may be associated with a first storage node. By using software to control the
connection fabric, the compute node may be disassociated from the first storage
node and associated with a second storage node. Proper routing of PME
signals to all possible nodes in all possible configurations, while taking into
accourit the current power state of each node, becomes extremely complicated.
Furthermore, maintaining dependencies between nodes, such as which nodes
are to be powered up prior to powering up other nodes, also becomes
complicated.

186131  The techniques described herein overcome these problem by routing
a PME event to a management processor. The management processor,
sometime referred to as a baseboard management controller, includes
information refated to the current interconnection status of the various nodes of
the modular computer sysiem. As changes are made to the configuration, the
managemeni processor is made aware of those changes. Thus, the
management processor is aware of the current interconnection siatus of all of

the nodes. Furthermore, when a node is added {o the system, meta-data
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associated with the node informs the management processor of any
dependencies that exist. For example, a storage node’s meta-data may inform
the management processor that the storage node must be operational prior to
powering on an associated compute node. The management processor is also
aware of the current on/off state of each node.

[0014] The management processar is then able o determine which nodes
are to be powered up upon receipt of a PME signal for a given node, by
analyzing the connection status and the current power state of each node.
Furthermore, using the self reported sequencing information provided by each
node, the management processor may be able to delermine the proper
seguence for powering on associaied nodes. In addition, the management
processor may alse know the current state of each node, such thatif a nods is
powered on, it is not necessary {0 send a power on signal {o that node. Finally,
the management processor is also able o properly sequence powering down a
node. The managaement processor is aware of all active nodes using the node
to be powered down. Thus, the management processor may not power down a
node that is in use by ancther node that is {6 remain active. These techniques
are described in further detall below and in conjunction with the appended
figures.

106151 FIG. 1is an exampie high level diagram of a system utilizing the node
nowering technigues described herein. Computing sysiem 100 may include a
power source 110, a management processor 120, a connection fabric 130, and
a plurality of nodes 140-(1...8). Power source 110 may be used to provide
power [0 all componenis of the compuling system. Although depicied as a
single power source, this is for purposes of simplicily of description. In some
implementations, the power source may include several power supply modules.
What should be undersiood is thal the computing sysiem includes some source
of power and that any pariicular configuration of that power source is suitable
for use with the technigues described herein.

(801681 The computing system 100 may also include a managsment
processor 120, The managemaent processor may include a processor 121 that

is able 0 execute instructions. Coupled o the processor may be a non-
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transitory processor readable medium 122 containing instructions thereon,
which when executed by the processor cause the processor to implement the
functionality described herein. For example, the medium 122 may include
power on/off instructions 123. Power on/off instructions may be used by the
management processor (o power up / down the various components of system
100, as will be described in further detail below. The medium 122 may also
include a node connectlion data store 124. The node connection data store may
he used to store data about the current interconnection of nodes of the
computer system 100.

86171 The computer system 100 may also include a connection fabric 130,
The connection fabric may allow for communication between the various nodes
of the computer system. The connection fabric may be configurable, such that
any combinatlion of nodes may be configured to communicate with each other.
it should be understood that the connection fabric is not a hardwired connection
between nodes, bul rather is a software defined conneclion. Thus,
reconfiguring the connection fabric to provide conneclivity belween different
nodes does not require any changes o the hardware of the computer system
100.

00181 The computer system 100 may also include a plurality of nodes 140-
1...8. Although each node may provide different functionality and have a
shightly different structure, each node may have a general structure as shown in
node 140. Each node may include node resources 141, Node resources are
the elements needed for 2 node to provide the services for which it is designed.
Three example types of nodes may include compule nodes, storage nodes, and
IO nodes. A compute node may include a processor and memory as resources
and thus sllows the node to perform computational tasks. A storage node may
have persistent storage resources {e.g. hard drives, solid siate drives, eic.) and
allows the node to provide persistent storage. An {0 node may include 10
resources (e.9. host bus adaplors, interface cards, efc.) in order o provide 1O
capabilities {o the node.

108181  Each node may also include power control circuitry 142, In general,

the power conitrol circuilry receives a signal {o twrn the node on or off. Any
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sultable techniques may be used o provide this functionality. For example, the
powser control circullry may either connect or disconnect the node from the
nower supply 110, In other implementations, the power supply tself may be
disposed on each node, and the signal may tum the power supply on or off.
What should be undersiood is that regardless of implementation, the power
controf circuitry allows the node o be turned on or off based on a signal.
(00281 Some examples of signals that may be used {o control the power
control circuitry are the power switch and the WOL signal. Ancther example of
a signal io conirol the power control Circuitry may be a signal generated from an
internal clock. For example, a node may be configured using an intemal clock
to power on al a certain time each day, or on a certain day each week. When
the configured time arrives, the internal clock may generate a PME signal. As
described above, these signals may be used (o direct the node {0 power on,
which may also be referred {0 as powering up, or power off, which may also be
referred (o as powering down. As will be described in further detall below, the
technigues described herein route the PME signals {o the management
processor. The management controller then determines {0 which nodes and in
what order the power signals are sent o the nodes.

(66211  In addilion, each node may have assoctated meta-daia that informs
the management processor of any power sequencing information. For example,
a storage node’s meta-data may inform the management processor that the
node is a storage node, and should be powerad up prior {0 any associated
compute node. A compute node’s mela-data may inform the management
processor that any associated storage and 1O nodes should be powered up
prior to powering up the compute node. If a node should not be powered up
until an associated compuie node has been poweraed up, the node mela-data
may inform the management processor. YWhen a new node is added to the
system, the associaled meta-data of the node may be made available to the
management processor.

106221  In operatlion, when a node is added to the computing system, the
node’s meta data may be provided to the management processor. Thus, the

management processor is informed of any power on sequence information for
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the node. For example, the node should be powerad on before or after an
associated compute node, the node should be powered on after an associated
storage node, etc. In other words, the node mela-data itself is used to inform
the management processor of the nesded power sequencing information, such
that the management processor does not nead {0 be separately configured with
that information.

80231 The connection fabric may also be configured 1o indicate which nodes
are connected o each other. As shown in the example system of FIG. 1, three
different sets of connections are depicied. Connection 160 shows that compute
node 140-1, storage node 140-2, and 10 node 140-3 are all connected.
Connection 170 shows that compute node 140-4, storage nodes 140-5,8, and
O node 140-6 are connected. Connection 180 shows that compute nodes 140-
7.9 and storage node 140-8 are connected. |t should be noted that slorage
node 140-8 is used in both connection 170 and 180,

(06241 If a PME signal, such as a power bullon press or WOL signalis
received for a node, that signal is routed to the management processor. For
example, if a WOL signal is received for compute node 140-1, thal signal is
routed to the management processor. Ulllizing data siored in the node
connection data store, the management processor may determineg all other
nodes that are associated with compute node 140-1. In this example, storage
node 140-2 and 10 node 140-3 are associated with compute node 140-1. The
management processor may then determine the sequence in which nodes arg
to be powerad on based on the information that was reported by the node. For
example, if node 140-2 reported that it should be powered on before an
associated compute node, and node 140-3 reported that it should be powered
on after an associated compute node, the management processor would know
the proper sequencing. In this case, the siorage node 140-2 would be powered
on first, followed by the compute node 140-1, which would then be followed by
the 1O node 140-3.

(80251 Once the proper power on sequence is detenmined, the management
processor may first determine if a node is already powered up, in which case it

is not necessary to power up the node. Such a situation is described in further
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detail below. The management processor may then send power on indications
to each node that should be powered on, in the determined sequence.

(002681 In some cases, it may not be necessary for the management
processor o power on a node. For example, assume the nodes in connection
170 are all powered up and operational. Specifically, assume that storage node
140-8 has been powered on. A power on event, such as a WOL signal may be
received by compute node 140-7. The management processor may receive this
signal and determine, based on the node connection data store, that nodes 140-
8 and 140-9 should also be powered up. However, because node 140-8 is
already powered up, it is not necessary to send that node a signal to power up.
Thus, the management processor simply sends a power on signal 1o nodes
140-7 and 140-8 in an order that was determined based on the nodes self
reporting of power sequencing information.

160277 Although the description presented above was in terms of powering
on a node, it should be understood that the same conneclion and sequencing
information can be used to power off or reboot a node. For example, if the
nower button on node 140-7 were pressed, a signal may be received by the
management processor. The management processor may delermine all of the
nodes that are associaled with node 140-7. In this example, that may be nodes
140-8 and 140-8. The ordering of powering down the nodes could either be the
reverse of the power up seguence, or could be some other sequence as
reported by the node itself. Furthermore, the management processor is also
aware of any other nodes that are using a given node. For example, as shown
node 140-8 is also being used by conneclion 170, f node 140-8 were to be
powered down, the resources of that node would be lost by connection 170,
Thus, the management processor would not power down any nodes if those
nodes are also in use by another set of nodes.

(00281 The examples presented above were in terms of a set of nodes that
are associated at a node level. However, the technigues described hergin are
not so limited. The techniques may also be used at an application level. For
example, assume thal connection 160 provides a user interface and

computational power for an application program, such as a web server. The
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web server may be reliant on a backend database service provided by
connection 170. Thus, the web server application cannot be operational if the
database backend is not operational. The management processor may be
made aware of this application level dependency.

160287  Assume that initially all nodes in connections 160 and 170 are off. 3
power on even is received by a node for the web server connection, the
managemeni processor would be aware of all of the nodes within that
connection that are o be powered on and the order in which they are 1o be
powered on. However, the management processor is also aware that the web
server application is also dependent on the back end database provided by the
nodes in connection 170. The management processor is aware that backend
database is 1o be operational prior to powering up the web server. Thus, the
management processor may first power up the nodes in connection 170, in the
order determined above. Once that has been complete, the nodes in
connection 160, forming the web server, may then be powered up.

186301  FIG. 2 is an exampie of a high level flow diagram for determining a
power on sequence of nodes, according to techniques described herein. In
block 210, a management processor may receive an indication to power up a
first node. As described above, the indication may come from a power on
event, such as the receipt of a magic packet over a LAN or an activation of the
node's power swilch. In block 220, a first set of nodes that are to be powered
up prior to powering up the first node may be determined. In other words, the
managemeni processor may use the previously gathered information about
node interconnection as well as the node reported information about power
sequencing o determine which nodes need o be powered up before powering
up the node for which the power even was received.

108311 In block 230, a subset of the first set of nodes that are not powered up
may be determined. As explained above, some nodes may be used by multiple
nodes. Thus, a determination may be made as to which nodes are already
nowered up, and thus do not nsed to be powered up. In block 240, the subset
of the first set of nodes may be powered up. In other words, all of the nodes

that are to be powered up prior o powering up the first node and that are not
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already powered up, are given the signal to power up. In block 250, the first
node may be powered up.

1068321 FIG. 3 is ancther example of a high level flow diagram for determining
a power on sequence of nodes, according {o technigues described herein. In
biock 305 a management processor may receive from each node an indication
of when the node is to be powersd up in relation to powering up a first node. As
explained above, each node’s meta-daia informs the management processor of
when in the power on sequence the node should be powered on. Thus, the
management processor is relieved form having to receive information on the
proper seguencing from an external source, because the node’s meta-dala dself
includes the proper sequencing. In block 310, the management processor may
receive an indication o power up a first node.

108331  In block 315, a first set of nodes that are (o be powered up prior o
powering up the first node made be determined. In block 320, a subset of the
first set of nodes that are not powered up may be determined. As explained
above, in some cases a node may already be in use by other nodes and is thus
already powered up. Block 320 determines nodes thal are to be powered up
and that are not already powered up. In block 325, a second set of nodes that
are o be powered up after powering up the first node are determined. In other
words, these are nodes that are (o be powered up after the first node has been
powered up. In block 330, a subsst of the second set of nodes that are not
powered up is determined. Just as above, block 330 determines nodes that are
not already powsered up, becauss nodes that are already powered up do not
need o be poweared up again.

106341  In block 335, the subset of the first set of nodes may be powered up.
in other words, all nodes that are 10 be powered up prior {o the first node and
that are not already powered up are sent a signal to power up. In block 340, the
first node may be powerad up. In block 345, the subset of the second set of
nodes may be powered up after the first node is powered up. In other words,
after the first node has been powered up, all nodes that are to be powsered up

that are not already powered up may be sent a signal to power up.
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160351  In block 350, the management processor may receive an indication to
powser down the first node. In block 355, a third set of nodes that are not in use
by any other nodes and are {0 be powered down prior (o powering down the first
node may be determinad. In block 380, a fourth sel of nodes that are nol in use
by any other nodes and are {0 be powsered down after powering down the first
node may be delermined.

(86381  In block 365, the third set of nodes may be powered down prior to
nowering down the first node. in block 370, the first node may be powered
down. in block 375, the fourth set of nodes may be powered down after
powering down the first node.

186371 FIG. 4 is an exampie of a high level flow diagram for ordered
powering on of nodes, according to technigues described herein. In block 410,
a first node power on indication may be received. In block 420, a sel of nodes
associated with the first node that are not already powered on may be
determined. In block 430, an order for powering on the first node and set of
associated nodes that are not already powered on may be determined. In block
440, the nodes may be powered on in the determined order.

(08381 FIG. 5is another example of a high level flow diagram for ordered
powering on of nodes, according to techniques described herein. In block 510
an indication of when a node should be powered on may be received from each
node. As mentioned above, each node may inform the management processor
of when in the sequence of powering on nodes the node should be powered on.
in block 520, an indication to power on a first node may be received. In block
530, a sel of nodes associated with the first node that are not already powered
on may be determined. In block 540, an order for powering on the first node
and the set of associated nodes that are not already powered on may be
determined.

180387  In block BS0, the nodes may be powerad on in the determined order.
fn block 560, a power off indication for the first node may be received. In block
570, nodes associated with the first node, that are not in use by any other nodes
may be delermined. As explained above, a node may be used by more than
one set of nodes. if one set of nodes is going to be powered off, any nodes that
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are in use by a different set of nodes should remain powered on. in block 580,
the firsi node and the nodes associated with the first node that are not in use by
other nodes may be powered off in an order based on the nodes. As explained
above, the power off order may be determined based on information that is
reported by the nodes themselves. As such, the management processor does
not need any information, aside from information provided by the node itself, in

order {o determine the proper order for powering down nodes.
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We Claim:

1. A method comprising:

receiving, by a management processor, an indication to power up a first
node;

determining a first set of nodes that are 1o be powersd up prior to
powering up the first node;

determining a subset of the first sel of nodes that are not powered up;

powering up the subset of the first set of nodes; and

powering up the first node.

2. The method of claim 1 further comprising:
receiving, by the management processor, from each node in the set of
nodes, an indication of when the node is {0 be powered up in relation {o

powering up the first node.

3. The method of claim 1 further comprising:

determining a second set of nodes that are to be powered up afler
powering up the first node;

determining a subset of the second set of nodes that are not powered up;
and

powering up the subset of the second set of nodes afler the first node is

powered up.

4. The method of claim 1 wherein the indication to power up the first node is a

wake on local area network (WOL) event.

5. The method of claim 1 wherein the indication {o power up the first node is

activation of a power bution of the first node.

6. The method of claim 1 further comprising:
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receiving, by the managemaeni processor, an indication to power down
the first node;

determining a third set of nodes that are not in use by any other nodes
and are to be powered down prior (o powering down the first node;

determining a fourth set of nodes that are not in use by any other nodes
and are 1o be powerad down after powering down the first nods;

powering down the third set of nodes prior 1o powering down the first
node;

powering down the first node; and

powering down the fourth set of nodes after powering down the first

node.

7. A system comprising:

a plurality of nodes, the plurality of nodes each having a type, including
compuie nodes, storage nodes, and input / output {I0) nodes, wherein each
node is selectively powered independent of all other nodes;

a connection fabric connecting the plurality of nodes, the connection
fabric providing configurable conneclivity between any subset of the plurality of
nodes; and

a management processor {o store the subset of the plurality of nodes that
are connected, the management processor further {0 receive g power on
indication for one of nodes and o power on all of the nodes in the subselina

defined order, the order based on the node types.

8. The system of claim 7 wherein each non-compute node indicates to the
management processor if it is to be powered on before or after an associaied

compute node is powered on.

9. The system of claim 7 wherein the management processor further
determines if a node is already powered on prior to attempting to power on the

node.
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10. The system of claim 7 wherein the management processor is further to
receive a power off indication for a node, the management processor to
determing the subset of nodes connecled 0 the node, the management
processor further (o determing which nodes of the subset of nodes are not in
use by any other subset of nodes, the management processor further to power
off the subsel of nodes thal arg not in use by another subsel of nodes in an

order based on the node types.

11. The system of claim 7 wherein the power on indication is activation of a

power buiton of the node.

12. The system of claim 7 wherein the power on indication is a wake on local

area network signal.

13. A non-transitory processor readable medium containing thereon a set of
instructions which when executed by a processor cause the processor {0

receive a first node power on indication;

determine 3 set of nodes associated with the first node that are not
already powered on;

determine an order for powering on the first node and set of associated
nodes that are not already powered on; and

power on the nodes in the delermined order.

14. The medium of claim 13 further including instructions which cause the
processor to:
receive from each node an indication of when the node should be

powered on.

15. The medium of claim 13 further including instructions which cause the
processor to:

receive a power off indication for the first nods;
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determine nodes associated with the first node that are not in use by
other nodes; and
power off the first node and the nodes associated with the first node that

are not in use by other nodes, in an order based on the nodes.
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