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One embodiment disclosed relates to a system for power
management of a group of computers. The system includes
server side infrastructure (SSI) circuitry at each computer in
the group and a centralized power management module
(CPMM). The SSI circuitry includes local monitoring cir-
cuitry coupled to a central processing unit (CPU) of the
computer. The CPMM has a management link to the SSI
circuitry at each computer in the group. The local circuitry
at each computer monitors power consumption at the CPU

(22) Filed: Jul. 18, 2003 of that computer and transmits power consumption data to
Publication Classification the CPMM. The CPMM apI.)hes a set of rules t? the power
consumption data to determine when and at which comput-
(51) Int. CL7 oo eeiine s GO6F 1/26 ers to enable and disable a CPU power throttling mode.
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RACK-LEVEL POWER MANAGEMENT OF
COMPUTER SYSTEMS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates generally to power
supplies for electronics and computers.

[0003] 2. Description of the Background Art

[0004] Computer networks, such as the Internet, utilize
high performance computer systems called “servers.” Serv-
ers typically have high performance processors and contain
hardware and software capable of handling large amounts of
data. Servers provide a large number of computer users with
compute services and access to large stores of information.
For example, servers are used to host web sites that can be
accessed by many computers via the Internet.

[0005] Multiple server components are often housed
within a server housing or “server rack”. Server racks are
typically box-like structures or cabinets that contain a num-
ber of removable electronic modules or electronic trays.
Each electronic tray can be a different server, or each
electronic tray can hold one or more components of a server.

[0006] Other types of computing systems include bladed
computers, workstations, and other computing machines.
These computing systems may be in various arrangements,
and are not necessarily in a racked configuration.

[0007] The above discussed server racks, blade chassis,
workstation groups, and similar systems require substantial
power to operate, and continuous operation of the comput-
ing systems is of critical importance in data centers, office
environments, and other applications. Hence, improvements
in systems and methods for providing power to systems with
multiple computers are highly desirable.

SUMMARY

[0008] One embodiment of the invention pertains to a
system for power management of a group of computers. The
system includes server side infrastructure (SSI) circuitry at
each computer in the group and a centralized power man-
agement module (CPMM). The SSI circuitry includes local
monitoring circuitry coupled to a central processing unit
(CPU) of the computer. The CPMM has a management link
to the SSI circuitry at each computer in the group. The local
circuitry at each computer monitors power consumption at
the CPU of that computer and transmits power consumption
data to the CPMM. The CPMM applies a set of rules to the
power consumption data to determine when and at which
computers to enable and disable a CPU power throttling
mode.

[0009] Another embodiment of the invention pertains to a
server-side apparatus for a rack-mounted computer. Local
monitoring circuitry at the computer is coupled to a central
processing unit (CPU) of the computer and coupled to a
centralized power management system. The local circuitry is
configured to monitor power consumption at the CPU,
transmit power consumption data to the centralized power
management system, receive management messages from
the centralized power management system, and send com-
mands to enable and disable a power throttling mode at the
CPU.
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[0010] Another embodiment of the invention pertains to a
central power management apparatus for a group of com-
puters mounted in a rack. A management module is coupled
to local monitoring circuitry at each computer in the group.
The management module is configured to receive power
consumption data from the local monitoring circuitry, deter-
mine at which computers to enable and disable a CPU power
throttling mode, and transmit messages to said determined
computers to enable and disable the CPU power throttling
mode.

[0011] Another embodiment of the invention pertains to a
method for power management of a group of computers.
Power consumption at each computer in the group is moni-
tored. The resultant power consumption data is transmitted
from each computer in the group to a centralized power
manager.

[0012] Another embodiment of the invention pertains to a
centralized method for managing power consumption of a
group of computers. Power consumption data is received
from the local monitoring circuitry. A determination is made
as to at which computers to enable and disable a CPU
power-throttling mode. Messages are transmitted to said
determined computers to enable and disable the CPU power
throttling mode.

[0013] Another embodiment of the invention pertains to a
power management apparatus for managing power usage of
a group of computers at a rack-level. The apparatus includes
at least means for receiving power consumption data from
the local monitoring circuitry, means for determining at
which computers to enable and disable a CPU power throt-
tling mode, and means for transmitting messages to said
determined computers to enable and is disable the CPU
power throttling mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1is a schematic diagram depicting server side
infrastructure circuitry in accordance with an embodiment of
the invention.

[0015] FIG. 2 is a schematic diagram depicting a central-
ized power management module coupled to multiple servers
in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

[0016] As discussed above, server racks and similar sys-
tems require substantial power to operate, and continuous
operation of the servers is of critical importance in data
centers, compute farms, and other applications. Recently,
high-density computing systems, for example implemented
using blade servers, are becoming more prevalent. Appli-
cants have found that such high-density computing racks
may have power requirements beyond what the older infra-
structure of the data centers was designed to accommodate.

[0017] To overcome this problem, a policing mechanism
may be used to enable using these new higher-wattage
servers in existing data centers or compute farms. One
embodiment of the present invention targets for policing the
parts of the system with the highest power consumption,
those parts being the central processing units (CPUs) of the
servers. Another embodiment employs a CPMM to track
power utilization over time, and uses this information in
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conjunction with other parameters (for example, CPU tem-
perature) for policing power utilization.

[0018] Monitoring and throttling power consumption at
the CPU level is advantageous over previous solutions,
which involved application level monitoring and throttling.
This is because application monitoring and throttling
requires significant changes and adjustments be made to the
application and/or operating system code. Instead, monitor-
ing and throttling power consumed by CPUs is transparent
to the applications running on the computer and does not
require such code modification.

[0019] FIG. 1is a schematic diagram depicting server side
infrastructure (SSI) circuitry 100 in accordance with an
embodiment of the invention. The SSI circuitry 100 at one
server or computing device is shown. Each server or com-
puting device on a rack or blade chassis may be configured
to include such SSI circuitry 100.

[0020] The SSI circuitry 100 operates to monitor and
throttle the power consumption of a CPU 102 of the server
or computing device. One component of the SSI circuitry
100 is the local monitoring circuitry 104. The local moni-
toring circuitry 104 may be implemented using a microcon-
troller and other circuitry.

[0021] The local monitoring circuitry 104 is coupled to the
CPU 102 by way of a power measurement link 108 and an
interrupt link 110. By way of the measurement link 108, data
indicating the power being consumed by the CPU 102 is
received by the local monitoring circuitry 104. The interrupt
link 110 may be used to transmit interrupt messages to the
CPU 102. For example, one interrupt message may be sent
that activates an interrupt handler to make a system call to
enable or “turn on” power throttling mode at that CPU 102.
Another interrupt message may be sent that activates an
interrupt handler to make a system call to disable or “turn
off” power throttling mode at that CPU 102. Alternatively or
in addition to the interrupts, one or more special register 106
may be used to turn on and off the power-throttling mode.
The special register 106 may be configured so as to be
readable by the CPU 102 and writable by the local circuitry
104. For example, setting a special register 106 may enable
the power throttling mode, while clearing the register 106
may disable the power throttling mode. The register(s) 106
may be integrated with the CPU 102, or alternatively, may
be located external to the CPU 102.

[0022] The local monitoring circuitry 104 is also coupled
to the central power management module (CPMM) 202. A
management link 114 between the CPMM 202 and the local
monitoring circuitry 104 may be used to receive a polling
message from the CPMM 202. When polled, the local
monitoring circuitry 104 may respond by transmitting via
the management link 114 a root mean squared or other
derived power consumption value to the CPMM 202. In one
embodiment, the management link 114 may comprise an
out-of-band (OOB) link, such as an 12C (Inter IC) based
bus. Preferably, the management link 114 is implemented to
provide a relatively fast link that can be scaled either through
the use of multiplexer or hubs. Other possible implementa-
tions of the management link 114 may employ a serial bus,
a USB (Universal Serial Bus) connection, a LAN network,
or other type of link. In addition, the local circuitry 104 may
notify the CPMM 202 of any failure or otherwise notable
events through an interrupt message. The interrupt message
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may be transmitted via a separate interrupt line 116, or
alternatively, may be sent along the management link 114.

[0023] FIG. 2 is a schematic diagram depicting a central-
ized power management module (CPMM) 202 coupled to
SSI circuitry 100 at multiple servers or computing devices in
accordance with an embodiment of the invention. As illus-
trated, there may be N servers, each with SSI circuitry 100,
coupled to a single CPMM 202. The coupling between the
CPMM 202 and each instance of SSI circuitry 100 may be
implemented by way of a management link 114 and an
interrupt line 116.

[0024] The CPMM 202 may be implemented using a
management processor, a scalable management link to con-
nect to the individual SSI circuitry 100, and a link 204 to a
control console or access to a local area network (LAN) 204.
Another communication link 206 may be used to connect an
individual CPMM 202 to other CPMMs 202 and/or to power
management systems.

[0025] The CPMM 202 may be used to monitor the power
being consumed by the CPUs 102. The monitoring may be
done by polling. In addition, local circuitry 104 at the server
or computing device may notify the CPMM 202 of failure
events or other power related events by way of the interrupt
line 116. If the set of servers or other computing devices
being monitored is consuming power within the applicable
limit, and no other power related condition exists, then the
CPMM 202 may continue polling.

[0026] On the other hand, if the set of servers or other
computing devices is consuming power beyond the appli-
cable limit, or another power related condition exists, then
the CPMM 202 may apply a configurable set of rules to
cause certain servers to operate in CPU throttling mode to
mitigate the over-consumption or other power related con-
dition. CPU throttling mode refers to a mode in which a CPU
is operating in a lower power consumption state with either
lesser performance, limited functionality, or both. The
request to enable the CPU throttling mode may be sent over
the OOB management link 114. In accordance with one
embodiment, one or more computers may be set at a higher
priority level such that the CPUs 102 of other computers in
the system have their power throttled before the higher
priority computers. Similarly, a same or different set of rules
may be used to evaluate when and which servers or other
computing devices to be taken out of the CPU throttling
mode (and back to the normal operating mode). In accor-
dance with one embodiment, there may be a certain level of
hysteresis between the rules to enter and exit CPU throttling
mode. For example, the power consumption level which
induces throttling may be higher than the power consump-
tion level at which throttling is removed. Such hysteresis
would prevent instances of rapid switching back and forth
between CPU throttling and normal modes in borderline
circumstances. In one embodiment, the CPMM 202 may be
configured so that a user can interact with it by way of a
console and a local or networked console link 204. Through
such a local or remote console, a user may be enabled to
setup or customize the aforementioned rules, obtain power
consumption status or logs, and so on.

[0027] The CPMM 202 may also be configured to com-
municate with other CPMMs 202, or power management
systems, or other management systems, by way of another
link 206. The other link 206 may be implemented, for
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example, as a LAN connection. For example, each CPMM
202 may collect power consumption data or other informa-
tion and forward the information to a power management
system or to a system administrator. The power management
system may be configured for a user to view power con-
sumption data, to modify or override the power throttling
rules, and so on. In the case of failure of a server or
computing device, the associated CPMM 202 may receive
notification via an interrupt and may forward the notification
upstream to a system administrator (for example, by way of
a pager or email).

[0028] In accordance with an embodiment of the inven-
tion, instead of all servers or computing devices on a rack
including the SSI circuitry 100 for power management, a
subset of the servers or computing devices on a rack may
include the SSI circuitry 100 and be coupled to a CPMM
202. This enables power management of that subset of
devices, particularly if that subset has a separate power
supply system.

[0029] In other embodiments, a different grouping of
systems, such as the computers in a cluster or in a data center
or in an office, may each include SSI circuitry 100 and be
controlled by a CPMM 202. Such a grouping of systems
may include, for instance, computers on more than one rack
or blade chassis, or a group of workstations in an office. In
such embodiments, power load balancing may be imple-
mented, for example, to prevent hot spots of power utiliza-
tion.

[0030] In accordance with another embodiment, the above
design and architecture may be applied to a cooling (instead
of power) infrastructure. For example, instead of monitoring
power consumption, the local monitoring circuitry 104 may
be applied to monitor temperatures at the various computers.
If a temperature exceeds an allowed level for a computer, the
power-throttling mode may be activated for that computer in
order to counteract the elevated temperature. Alternatively,
or in addition, additional cooling via a fan or thermoelectric
cooler may be applied in response to the elevated tempera-
ture.

[0031] In accordance with another embodiment, each
computer in a group may include more than one CPU. Power
consumption at each of the CPUs may be monitored and a
power-throttling mode may be applied per CPU in each
computer. In other words, the present invention is not
limited to computers or servers with one CPU each.

[0032] In the above description, numerous specific details
are given to provide a thorough understanding of embodi-
ments of the invention. However, the above description of
illustrated embodiments of the invention is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. One skilled in the relevant art will recognize that
the invention can be practiced without one or more of the
specific details, or with other methods, components, etc. In
other instances, well-known structures or operations are not
shown or described in detail to avoid obscuring aspects of
the invention. While specific embodiments of, and examples
for, the invention are described herein for illustrative pur-
poses, various equivalent modifications are possible within
the scope of the invention, as those skilled in the relevant art
will recognize.

[0033] These modifications can be made to the invention
in light of the above detailed description. The terms used in
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the following claims should not be construed to limit the
invention to the specific embodiments disclosed in the
specification and the claims. Rather, the scope of the inven-
tion is to be determined by the following claims, which are
to be construed in accordance with established doctrines of
claim interpretation.

What is claimed is:
1. A system for power management of a group of com-
puters, the system comprising:

server side infrastructure (SSI) circuitry at each computer
in the group, the SSI circuitry including local monitor-
ing circuitry coupled to a central processing unit (CPU)
of the computer; and

a centralized power management module (CPMM) with a
management link to the SSI circuitry at each computer
in the group,

wherein the local circuitry at each computer in the group
monitors power consumption at the CPU and transmits
power consumption data to the CPMM, and

wherein the CPMM applies a set of rules to the power
consumption data to determine when and at which
computers to enable and disable a CPU power throt-
tling mode.
2. The system of claim 1, wherein the group of computers
comprises multiple servers mounted in a rack.
3. The system of claim 1, wherein the group of computers
comprises a plurality of blade servers in a blade chassis.
4. The system of claim 1, wherein the group of computers
comprises a group of workstations.
5. The system of claim 1, further comprising:

a console coupled to the CPMM for user interaction.

6. The system of claim 5, wherein the console comprises
a console connected locally to the CPMM.

7. The system of claim 5, wherein the console comprises
a remote console coupled via a network to the CPMM.

8. The system of claim 5, wherein the system is config-
ured to enable a user to setup the aforementioned rules by
way of the console.

9. The system of claim 5, wherein the system is config-
ured to enable a user to view power consumption data by
way of the console.

10. The system of claim 1, further comprising:

additional CPMMs with management links to SSI cir-
cuitry at additional groups of computers; and

a power management system coupled to the plurality of
CPMMs.

11. The system of claim 10, wherein the power manage-
ment system is configured to enable a user to view power
consumption data and to customize the sets of rules applied
by the CPMMs.

12. A server-side apparatus for a rack-mounted computer,
the apparatus comprising:

a local monitoring circuitry coupled to a central process-
ing unit (CPU) of the computer and coupled to a
centralized power management system,

wherein the local circuitry is configured to monitor power
consumption at the CPU, transmit power consumption
data to the centralized power management system,
receive management messages from the centralized
power management system, and send commands to
enable and disable a power throttling mode at the CPU.
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13. The apparatus of claim 12, further comprising:

a power measurement link between the local monitoring
circuitry and the CPU for monitoring power consump-
tion at the CPU.

14. The apparatus of claim 13, further comprising:

an interrupt line between the local monitoring circuitry
and the CPU for transmitting interrupt messages that
enable and disable the power throttling mode at the
CPU.

15. The apparatus of claim 13, further comprising:

a special register writable by the local monitoring cir-
cuitry and readable by the CPU to enable and disable
the power throttling mode at the CPU.

16. A central power management apparatus for a group of

computers mounted in a rack, the apparatus comprising:

a management module coupled to local monitoring cir-
cuitry at each computer in the group,

wherein the management module is configured to receive
power consumption data from the local monitoring
circuitry, determine at which computers to enable and
disable a CPU power throttling mode, and transmit
messages to said determined computers to enable and
disable the CPU power throttling mode.

17. A method for power management of a group of

computers, the method comprising:

monitoring power consumption at each computer in the
group; and

transmitting power consumption data from each computer
in the group to a centralized power manager.
18. The method of claim 17, further comprising:

transmitting messages from the centralized power man-
ager to local circuitry at said determined computers to
enable and disable the CPU power throttling mode at
those computers; and
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applying a configurable set of rules to the power con-
sumption data to determine at which computers to
enable and disable a CPU power throttling mode.

19. The method of claim 18, wherein the group of
computers comprises a rack of servers, and the centralized
power manager comprises a rack-level power manager.

20. A centralized method for managing power consump-
tion of a group of computers, the method comprising:

receiving power consumption data from local monitoring
circuitry at each of the computers;

determining at which computers to enable and disable a
CPU power throttling mode; and

transmitting messages to said determined computers to
enable and disable the CPU power throttling mode.

21. The method of claim 20, wherein the group of
computers comprises a rack of servers.

22. A power management apparatus for managing power
usage of a group of computers at a rack-level, the apparatus
comprising:

means for receiving power consumption data from the
local monitoring circuitry;

means for determining at which computers to enable and
disable a CPU power throttling mode; and

means for transmitting messages to said determined com-
puters to enable and disable the CPU power throttling
mode.
23. The apparatus of claim 22, wherein the group of
computers comprises a rack of servers.
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