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(57) ABSTRACT 
A measurement is taken of an electrical parameter that is 
approximately proportional to the poWer consumed by at 
least a portion of a computer system. This measurement is 
then used to determine if the poWer consumed by the portion 
of the computer system reaches a threshold. 
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METHOD AND APPARATUS OF MEASURING 
POWER CONSUMPTION IN A COMPUTER 
SYSTEM TO MEET THE POWER DELIVERY 
SPECIFICATIONS OF A POWER OUTLET 

[0001] The present invention relates to computer systems 
and more particularly to limiting the poWer consumed in a 
computer system by throttling the poWer consumed by an 
integrated circuit in response to a high poWer condition. 

BACKGROUND 

[0002] Computer systems, from small handheld electronic 
devices to medium-siZed mobile and desktop systems to 
large servers and Workstations, are becoming increasingly 
pervasive in our society. Computer systems typically include 
one or more processors. A processor manipulates and con 
trols the How of data in a computer by executing instruc 
tions. To provide more poWerful computer systems for 
consumers, processor designers strive to continually 
increase the operating speed of the processor. Unfortunately, 
as processor speed increases, the poWer consumed by the 
processor tends to increase as Well. Historically, the poWer 
consumed by the processor has been limited by tWo factors. 
First, as poWer consumption increases, the processor tends 
to run hotter, leading to thermal dissipation problems. Sec 
ond, as poWer consumption increases, the battery life of 
mobile computer systems decreases, leading to less attrac 
tive systems for consumers. 

[0003] Processor and computer system designers have 
developed numerous methods to deal With these issues. For 
example, processor designers implement specialiZed circuit 
design techniques that reduce poWer consumption. In addi 
tion, modern computer systems are designed to shut doWn 
portions of the system that are not needed during a particular 
period of time. Both of these techniques conserve poWer and 
help extend battery life. 

[0004] To address the thermal issue, elaborate thermal 
dissipation systems are often affixed to the processor to help 
dissipate the heat from the processor to the ambient envi 
ronment. Some processor packages include a thermal sensor 
to monitor the temperature of the processor. If the processor 
temperature exceeds a particular threshold, the processor is 
placed into loW poWer mode until it cools off. If these 
precautions are not taken, the processor may destroy itself 
by its oWn heat. 

SUMMARY OF THE INVENTION 

[0005] A method and apparatus are described for manag 
ing the poWer consumed in a computer system. In accor 
dance With one embodiment of the present invention, a 
measurement is taken of an electrical parameter that is 
approximately proportional to the poWer consumed by at 
least a portion of a computer system. This measurement is 
then used to determine if the poWer consumed by the portion 
of the computer system has reached a threshold. 

[0006] Other features and advantages of the present inven 
tion Will be apparent from the accompanying draWings and 
the detailed description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention is illustrated by Way of 
example and not limitation in the accompanying ?gures in 
Which like references indicate similar elements and in 
Which: 
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[0008] FIG. 1 is a computer system formed in accordance 
With an embodiment of the present invention; 

[0009] FIG. 1A is a sWitching regulator in a poWer supply 
of FIG. 1; 

[0010] FIG. 2A is a graph shoWing total poWer consump 
tion versus time for an embodiment of the present invention; 

[0011] FIG. 2B is a graph shoWing total poWer consump 
tion versus time for an alternate embodiment of the present 

invention; 
[0012] FIG. 3 is a computer system including a processor 
formed in accordance With an embodiment of the present 
invention; 
[0013] FIG. 4 is a How chart shoWing a method of 
reducing poWer consumption of a processor in accordance 
With an embodiment of the present invention; 

[0014] FIG. 5 is a How chart shoWing the method of FIG. 
4 in a ?rst embodiment of the present invention; 

[0015] FIG. 6 is a How chart shoWing the method of FIG. 
4 in a second embodiment of the present invention; and 

[0016] FIG. 7 is a How chart shoWing the method of FIG. 
4 in a third embodiment of the present invention. 

DETAILED DESCRIPTION 

[0017] Computer system poWer consumption is noW rap 
idly approaching the point at Which the poWer required to 
operate the system can no longer be reliably supplied to the 
system. This is primarily due to the fact that one or more 
processors contained in a system plugged into a poWer outlet 
may consume more poWer during an overactive period than 
the poWer outlet can deliver. Under this situation, the fuse or 
circuit breaker that protects the poWer outlet can be tripped 
(or bloWn) during normal operation of the system. 

[0018] In accordance With an embodiment of the present 
invention, the poWer consumed by at least a portion of a 
computer system is monitored by measuring a parameter 
that is approximately proportional to the consumed poWer, 
such as voltage, current, or the duty cycle of a sWitching 
signal in a poWer supply. These measurements are provided 
to a poWer controller. The portion of the computer system 
that is monitored may include one or more processors of the 
computer system in addition to other integrated circuits 
(ICs) that consume a signi?cant amount of poWer such as, 
for example, the bridge (or “chipset”) or the video terminal. 

[0019] Once the consumed poWer, as determined by the 
poWer controller, reaches a threshold, a throttle signal is sent 
to one or more ICs of the computer system by the controller. 
In response to receiving this throttle signal, one or more of 
the ICs reduces its poWer consumption. For example, for one 
embodiment of the present invention, a processor of the 
computer system reduces its core frequency While maintain 
ing a consistent bus frequency in response to receiving the 
throttle signal. For another embodiment, the processor stalls 
all or a portion of one or more pipelines, or issues no-ops to 
one or more pipelines, in response to receiving the throttle 
signal. 

[0020] By directly monitoring poWer consumption, or a 
value proportional thereto, temperature measurement inac 
curacies related to poor positioning of thermal sensors in 
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proximity to the processor are avoided. In addition, the 
response time betWeen detecting a high poWer condition and 
reducing the poWer consumption of the computer system is 
greatly improved over the use of thermal sensors to detect 
the high poWer condition. A more detailed description of 
embodiments of the present invention, including various 
con?gurations and implementations, is provided beloW. 

[0021] FIG. 1 is a multiprocessor computer system 
formed in accordance With an embodiment of the present 
invention. Primary bridge 110 is coupled to processors 100 
and 101 via a system bus. Bridge 110 is used to couple the 
processors to main memory 115 and to couple the processors 
to peripheral components 120 and 130 via a peripheral bus. 
Secondary bridge 125 couples external memory 140 and 
video terminal 145 to the peripheral bus. 

[0022] Peripheral components 120 and 130 of FIG. 1 may 
include audio and video input/output devices such as audio/ 
video generators, accelerators, or analyZers. External 
memory 140 may include a hard drive, ?oppy disk, tape 
drive, or other non-volatile, machine-readable, storage 
medium. Video terminal 145 may include any video display 
device such as a cathode ray tube (CRT) terminal or a ?at 
panel display such as a liquid crystal display (LCD). Main 
memory 115 may include dynamic RAM (DRAM), static 
RAM (SRAM), ?ash EPROM, or other high speed, high 
capacity storage medium. For an alternate embodiment of 
the present invention, the computer system of FIG. 1 may be 
modi?ed to be a uniprocessor system, or it may include more 
than tWo processors. 

[0023] Each device of the computer system of FIG. 1 is 
supplied poWer by a poWer supply, Vcc, and this poWer is 
monitored by a meter. PoWer controller 150 is coupled to 
each device and to each meter. Note that each device may 
include one or more ICs that consume poWer. For one 

embodiment of the present invention, the computer system 
includes one or more independent poWer supplies, each of 
Which provides poWer to one or more ICs. A meter may 
monitor the poWer consumed by a single IC or any number 
of ICs. For a simpler embodiment of the present invention, 
one or more meters may be coupled to only a selected 
number of ICs, monitoring the poWer consumption of those 
selected ICs. For this embodiment, it may be found advan 
tageous for the monitored ICs to be those ICs that consume 
the majority of poWer in the computer system. For example, 
only the poWer consumed by processor A 100 and processor 
B 101, alone, or in addition to bridge 110, video terminal 
145, and external memory 140 may be monitored. In addi 
tion, poWer controller 150 may be coupled to all or only a 
selected number of ICs or meters. 

[0024] In accordance With one embodiment of the present 
invention, poWer controller 150 of FIG. 1 is a stand-alone IC 
or is a unit included Within another IC. For example, for one 
embodiment of the present invention, poWer controller 150 
may be included in a bridge or a processor of the computer 
system. For an alternate embodiment of the present inven 
tion, the poWer controller is softWare code executed by a 
processor of the computer system to implement the func 
tionality described beloW. 

[0025] One or more of the meters of the computer system 
of FIG. 1 monitor poWer consumption by measuring a 
parameter that is approximately proportional to the poWer 
consumed by one or more ICs. These measurements are then 
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provided to poWer controller 150. For example, a meter may 
measure poWer, current, or voltage. Current consumption 
may be measured magnetically by, for example, hall-effect 
sensors that measure induction. Alternatively, the voltage 
drop across a resistor having a knoWn resistance may be 
measured. 

[0026] For an embodiment in Which a poWer supply 
includes a sWitching regulator, one or more parameters of 
the sWitching signal may be measured by the associated 
meter of FIG. 1. FIG. 1A is a sWitching regulator in a poWer 
supply of FIG. 1. As shoWn in FIG. 1A, the AC poWer 
signal from the poWer outlet is recti?ed, ?ltered, and con 
ditioned by input circuit 160. Alternatively, for an embodi 
ment in Which tWo or more poWer supplies are cascaded, the 
input to circuit 160 may be the DC poWer signal from 
another poWer supply. For this alternate embodiment, the 
poWer signal need not be recti?ed by input circuit 160. 

[0027] The resulting high voltage DC poWer signal from 
input circuit 160 is pulse modulated by sWitching transistors 
161 and 162 under control of pulse Width modulator 163. 
Modulator 163 controls the poWer signal modulation by 
providing a sWitching signal to the bases of the transistors. 
The resulting, pulsed poWer signal is provided to trans 
former 164, the output of Which is recti?ed, ?ltered, and 
conditioned by output circuit 165. The resulting DC poWer 
signal, V00, is provided to one or more ICs of the computer 
system, and is fed back to pulse Width modulator 163. This 
feedback signal is monitored by modulator 163 to regulate 
the pulse Width of the sWitching signal. If Vcc falls beloW the 
desired output voltage, modulator 163 increases the pulse 
Width. If Vcc rises above the desired output voltage, the 
modulator decreases the pulse Width. 

[0028] One or more parameters of the sWitching signal 
provided from modulator 163 to the bases of sWitching 
transistors 161 or 162 may be proportional to the poWer or 
current consumed by the ICs coupled to the Vcc output. For 
example, the pulse Width or duty cycle (both of Which are 
referred to herein as the duty cycle) may be proportional to 
the poWer consumption. Therefore, in accordance With one 
embodiment of the present invention, the duty cycle of the 
sWitching signal is measured by the associated meter of 
FIG. 1, and these measurements are provided to poWer 
controller 150. The duty cycle may be measured from the 
sWitching signal provided to one or both bases of the 
sWitching transistors. Alternatively, pulse Width modulator 
163 may provide a separate signal that indicates the duty 
cycle of the sWitching signal. For another embodiment, the 
duty cycle of the sWitching signal is indirectly measured by 
measuring the duty cycle of the pulsed poWer signal pro 
vided from the sWitching transistors to transformer 164. 

[0029] Referring again to FIG. 1, the measurements from 
the meters may be converted into digital format for process 
ing by poWer controller 150. Alternatively, if poWer con 
troller 150 includes analog circuitry, the measurements may 
remain as analog current or voltage levels. 

[0030] PoWer controller 150 gathers the measurements 
from one or more of the meters of the computer system of 
FIG. 1 and calculates the total poWer consumed by the 
portion of the computer system comprising the associated 
ICs. Alternatively, poWer controller 150 may calculate a 
total of any value, such as current, voltage, or duty cycle, 
that is proportional to the total poWer consumed by the 
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portion of the computer system. If the total power consumed 
reaches a threshold, or if the total of a value that is 
proportional to the total poWer consumed reaches a thresh 
old, controller 150 sends a throttle signal to one or more ICs 
of the computer system. In response to receiving a throttle 
signal, an IC reduces its poWer consumption. Note that for 
simplicity, as used henceforth, the term “poWer” includes 
either actual poWer or a value, such as current, voltage, duty 
cycle, or other measurement, that is proportional to poWer. 

[0031] The ICs that receive the throttle signal and, in turn, 
reduce their poWer consumption, may be selected by poWer 
controller 150 of FIG. 1 in any of a number of different 
Ways. For one embodiment of the present invention, poWer 
controller 150 sends a throttle signal to the one or more ICs 
that consume the majority of poWer in the computer system. 
For eXample, for this embodiment the throttle signal may be 
sent to one or both of processors 100 or 101. For another 

embodiment, poWer controller 150 sends a throttle signal to 
the one or more ICs having a loW impact on the operation of 
the computer system. For eXample, for this embodiment the 
throttle signal may be sent to video terminal 145 or eXternal 
memory 140. As another eXample of this embodiment, the 
throttle signal may be sent to one or both of peripheral 
components 120 or 130 if these devices are either inactive or 
not necessary to the near term eXecution of instructions in 
processors 100 or 101. 

[0032] FIG. 2A is a graph shoWing the total poWer con 
sumption versus time for all or a portion of the computer 
system of FIG. 1 in accordance With one embodiment of the 
present invention. The upWard spikes in the graph are 
indicative of periods of overactivity by one or more ICs of 
the computer system, typically the processors. The upper 
threshold set in the poWer controller is shoWn as the upper 
limit line in the graph of FIG. 2A. This threshold may be 
permanently set Within the poWer controller or may be 
modi?able by the system designer or system user via soft 
Ware or hardWare control. 

[0033] For one embodiment of the present invention, the 
upper limit is a constant value as shoWn in FIG. 2A. This 
constant value may be associated With an approximately 
maXimum poWer that can be reliably consumed by the 
computer system from a poWer outlet into Which the system 
is plugged before the outlet’s fuse or circuit breaker trips. 
This value may be changed by, for eXample, modifying the 
settings stored in the basic input/output system (BIOS) of 
the computer. For another embodiment of the present inven 
tion, the threshold is not strictly a function of total poWer 
consumed but rather a function of both total poWer con 
sumed and time. For eXample, some poWer outlets are able 
to sustain high poWer conditions for limited periods of time 
before their circuit breaker trips. In these cases, the total 
poWer value may be integrated over a period of time and 
compared to a threshold value associated With the total 
poWer delivery speci?cations of the outlet. For this eXample, 
poWer spikes may be tolerated for limited periods of time. 

[0034] Once the threshold is reached, the poWer controller 
sends a throttle signal to one or more ICs of the computer 
system. When an IC reduces its poWer consumption in 
response to the throttle signal, the total poWer consumption, 
as calculated by the poWer controller, is reduced as shoWn in 
FIG. 2A. 

[0035] For the embodiment of FIG. 2A, once triggered, 
the throttle signal is continually asserted until the total 
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poWer consumption, as calculated by the poWer controller, 
reaches the loWer threshold indicated by the loWer limit line. 
Once this loWer threshold is reached, the throttle signal may 
be deasserted, and, in response, the IC resumes normal 
operation. In accordance With this embodiment, the loWer 
threshold may be set to a predetermined value selected to 
provide hysteresis to reduce the occurrence of poWer oscil 
lation betWeen the upper and loWer thresholds. This loWer 
threshold may be hard Wired into the poWer controller or 
hard Wired into the IC that receives the throttle signal. 
Alternatively, the loWer threshold may be modi?able by a 
user or automatically adjusted Within the computer system 
to, for eXample, reduce poWer oscillation. 

[0036] FIG. 2B is a graph shoWing the total poWer con 
sumption versus time for all or a portion of the computer 
system of FIG. 1 in accordance With an alternate embodi 
ment of the present invention. The graph of FIG. 2B is 
similar to the graph of FIG. 2A eXcept that for the embodi 
ment of FIG. 2B, once the throttle signal is triggered, the 
signal is continually asserted for a predetermined period of 
time, 200. Once this predetermined period of time, 200, has 
passed, the throttle signal may be deasserted, and, in 
response, the IC resumes normal operation. In accordance 
With this embodiment, the predetermined period of time may 
be selected to reduce the occurrence of total poWer con 
sumption oscillation. This predetermined period of time, 
200, may be hard Wired into the poWer controller or hard 
Wired into the IC that receives the throttle signal. Alterna 
tively, predetermined period of time, 200, may be modi?able 
by a user or automatically adjusted Within the computer 
system to, for eXample, reduce poWer oscillation. 

[0037] FIG. 3 is a computer system including processor 
310 formed in accordance With an embodiment of the 
present invention. System clock 301 and a throttle signal line 
are coupled to clock synchroniZer 311 of processor 310. 
Processor 310 includes bus interface 312 and a core having 
pipeline 313. Bus interface 312 and pipeline 313 receive 
separate clock signals from clock synchroniZer 311. Syn 
chroniZation unit 314 of bus interface 312 is coupled to the 
input and output of pipeline 313 and communicates data 
With other ICs via system bus 320. 

[0038] In accordance With one embodiment of the present 
invention, clock synchroniZer 311 of FIG. 3 receives system 
clock 301 and multiplies the system clock frequency by a 
?rst ratio to generate a bus frequency provided to bus 
interface 312. Other ICs (not shoWn) coupled to bus 320 
communicate With processor 310 at this bus frequency. 
Clock synchroniZer 311 also multiplies the system clock 
frequency by a second ratio to generate a much higher 
frequency called a core frequency. The core frequency is 
provided to pipeline 313. Pipeline 313 operates at this core 
frequency. Synchronization unit 314 includes synchroniZa 
tion logic to communicate data With pipeline 313 at the core 
frequency and With bus interface 312 at the bus frequency. 

[0039] When a throttle signal is received by clock syn 
chroniZer 311 of FIG. 3, the core frequency is reduced by 
multiplying the system clock frequency by a third ratio to 
generate a reduced core frequency that is sloWer than the 
original core frequency. This reduced core frequency is 
provided to pipeline 313 Which then operates at this reduced 
core frequency. When the throttle signal is deasserted, the 
core frequency is increased to its original value by multi 
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plying the system clock frequency by the second ratio and 
applying the resulting high core frequency to pipeline 313. 
During this core frequency manipulation, the bus frequency 
provided to bus interface 312 remains consistent. Thus, 
although the operating frequency (core frequency) of pro 
cessor 310 is adjusted in response to the throttle signal, the 
computer system continues to operate undisturbed because 
processor 310 communicates With the other ICs coupled to 
bus 320 at a consistent bus frequency. 

[0040] Reducing the core operating frequency of proces 
sor 310 of FIG. 3 reduces the poWer consumed by processor 
310. In accordance With one embodiment of the present 
invention, an abrupt transition betWeen core frequencies of 
processor 310 may be achieved by rapidly sWitching 
betWeen tWo multiplication ratios Within clock synchroniZer 
311 in response to the throttle signal. A sloWer, smoother 
transition betWeen core frequencies may be achieved by 
stepping through various multiplication ratios betWeen the 
high and loW core frequencies. A rapid frequency transition 
may be desirable to provide good reaction time to the 
detection of a high poWer state by the poWer controller. A 
sloWer frequency transition may be desirable to help reduce 
poWer supply transients. In accordance With one embodi 
ment of the present invention, the speed of the frequency 
transition may be selected to reduce the occurrence of total 
poWer consumption oscillation. The frequency transition 
speed may be hard Wired into the processor, modi?able by 
a user, or automatically adjusted Within the computer system 
to, for example, reduce poWer oscillation. 

[0041] For an alternate embodiment of the present inven 
tion, in response to the assertion of a throttle signal, pro 
cessor 310 of FIG. 3 stalls all or a portion of pipeline 313. 
Stalling (also called freeZing or halting) a pipeline signi? 
cantly reduces the poWer consumption of the processor 
because no or feW instructions are executed While the 
processor is stalled. Alternatively, the clock supplied to the 
stalled pipeline, or pipeline portion, is turned off. The 
pipeline stall is released upon deassertion of the throttle 
signal. The stall may be global, in Which all pipelines Within 
processor 310 are stalled, or local, in Which only select 
pipelines are stalled. For an embodiment in Which a local 
stall is implemented, Which pipeline, or Which portion of the 
pipeline, is stalled may be predetermined by the processor 
designer and hard Wired into the processor. Alternatively, 
this determination may be modi?able by a user or automati 
cally selected by the processor. 

[0042] For another embodiment of the present invention, 
in response to the assertion of a throttle signal, processor 310 
of FIG. 3 issues no-ops to pipeline 313. A no-op requires 
little or no servicing or activity by the processor upon 
execution, so the processor requires only a fraction of the 
poWer (e.g. less than half) to execute the no-op than it 
requires to execute most other instructions. Alternatively, the 
clock supplied to the pipeline, or pipeline portion, that is 
executing the no-op is turned off. The normal instructions of 
the program code are again issued to the pipeline upon 
deassertion of the throttle signal. For one embodiment of the 
present invention, a mix of both no-ops and normal instruc 
tions are issued to the pipeline during assertion of the throttle 
signal. The relative mix betWeen no-ops and instructions 
may be predetermined by the processor designer and hard 
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Wired into the processor. Alternatively, this determination 
may be modi?able by a user or automatically selected by the 
processor. 

[0043] FIG. 4 is a How chart shoWing a method of 
reducing poWer consumption of a processor in accordance 
With an embodiment of the present invention. At step 400, 
the poWer, or a parameter that is proportional to poWer, 
consumed by the processor is measured. This poWer may be 
measured by a meter and the value provided in either digital 
or analog form to a poWer controller. For example, an 
ammeter may provide a measurement of the current con 
sumed by the processor to the poWer controller. Next, at step 
405, the poWer controller determines if the poWer has 
reached an upper threshold. If the poWer has not reached the 
threshold, normal operation continues at step 400. If, hoW 
ever, the poWer has reached the threshold, then, at step 410, 
the amount of poWer being consumed by the processor is 
reduced. This reduction may be in response to a throttle 
signal sent from the poWer controller to the processor. 

[0044] Next, at step 415 of FIG. 4, the poWer controller 
determines if the poWer has reached a loWer threshold. For 
another embodiment of the present invention, the poWer 
controller alternatively or additionally determines if a pre 
determined period of time has elapsed since reducing the 
poWer consumption at step 410. If the determination proves 
to be false, then the poWer consumption continues to be 
reduced (or continues in a reduced state, for an alternate 
embodiment), at step 410 until the determination at step 415 
holds true. Once the poWer has reached a loWer threshold or 
the predetermined period of time has elapsed, normal opera 
tion is resumed at step 420 and the method proceeds back to 
step 400. 

[0045] FIG. 5 is a How chart shoWing the method of FIG. 
4 in a ?rst embodiment of the present invention. At step 500, 
a processor core is operated at a high core frequency While 
the processor communicates With other ICs of the computer 
system via a bus operating at a bus frequency. Next, at step 
505, it is determined if the processor has received a throttle 
signal. This throttle signal may be sent to the processor by 
a poWer controller upon determining that the total poWer 
consumed by all or a portion of the computer system has 
reached a threshold. If the processor does not receive the 
throttle signal (or receives a deasserted throttle signal), 
normal operation of the processor at the high core frequency 
continues. If, hoWever, the processor receives the throttle 
signal, then, at step 510, the core frequency of the processor 
is reduced. The bus continues to communicate With the other 
ICs of the computer system via the bus operating at the 
original bus frequency. 

[0046] Next, at step 515 of FIG. 5, it is determined if the 
throttle signal to the processor has been deasserted. The 
frequency is maintained at the reduced state at step 510 until 
the throttle signal is deasserted. Once the throttle signal is 
deasserted at step 515, the processor resumes normal opera 
tion at the high core frequency at step 520, and the method 
proceeds back to step 500. 

[0047] FIG. 6 is a How chart shoWing the method of FIG. 
4 in a second embodiment of the present invention. At step 
600, a processor is operated by continually issuing instruc 
tions and executing those instructions via the processor 
pipeline. The poWer consumed by the processor is continu 
ally measured during this operation and monitored by a 
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power controller. Next, at step 605, the poWer controller 
determines if the poWer has reached an upper threshold. If 
the poWer has not reached the upper threshold, normal 
operation of the processor continues. If, hoWever, the poWer 
has reached the upper threshold, then, at step 610, all or a 
portion of the processor pipeline is stalled to reduce the 
poWer consumption of the processor. 

[0048] Next, at step 615 of FIG. 6, the poWer controller 
determines if the poWer has reached a loWer threshold, or, 
alternatively, the poWer controller may determine if a pre 
determined period of time has elapsed since stalling the 
pipeline at step 610. The pipeline continues to be stalled at 
step 610 until the poWer has reached a loWer threshold or the 
predetermined period of time has elapsed. Once the loWer 
threshold is reached or the predetermined period of time has 
elapsed, normal operation is resumed at step 620 (e.g., the 
stall of the pipeline is released) and the method proceeds 
back to step 600. 

[0049] FIG. 7 is a How chart shoWing the method of FIG. 
4 in a third embodiment of the present invention. At step 
700, a processor is operated by continually issuing instruc 
tions and executing those instructions via the processor 
pipeline. The poWer consumed by the processor is continu 
ally measured during this operation and monitored by a 
poWer controller. Next, at step 705, the poWer controller 
determines if the poWer has reached an upper threshold. If 
the poWer has not reached the upper threshold, normal 
operation of the processor continues. If, hoWever, the poWer 
has reached the threshold, then, at step 710, no-ops are 
inserted into the processor pipeline to reduce the poWer 
consumption of the processor. 

[0050] Next, at step 715 of FIG. 7, the poWer controller 
determines if the poWer has reached a loWer threshold, or, 
alternatively, the poWer controller may determine if a pre 
determined period of time has elapsed since inserting no-ops 
into the pipeline at step 710. No-ops continue to be inserted 
into the pipeline at step 710 until the poWer has reached a 
loWer threshold or the predetermined period of time has 
elapsed. Once the loWer threshold is reached or the prede 
termined period of time has elapsed, normal operation is 
resumed at step 720 (e.g., the normal instruction How is 
again issued into the pipeline) and the method proceeds back 
to step 700. 

[0051] This invention has been described With reference to 
speci?c exemplary embodiments thereof. It Will, hoWever, 
be evident to persons having the bene?t of this disclosure 
that various modi?cations and changes may be made to 
these embodiments Without departing from the broader spirit 
and scope of the invention. The speci?cation and draWings 
are, accordingly, to be regarded in an illustrative rather than 
a restrictive sense. 

What is claimed is: 
1. A method of managing poWer consumption in a com 

puter system comprising: 

taking a measurement of a parameter that is approxi 
mately proportional to poWer consumed by at least a 
portion of the computer system; and 

using the measurement to determine if the poWer con 
sumed by the portion of the computer system has 
reached a threshold. 
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2. The method of claim 1, further comprising sending a 
throttle signal if the poWer consumed by the portion of the 
computer system has reached a threshold. 

3. The method of claim 2, further comprising reducing the 
poWer consumed by the portion of the computer system in 
response to an integrated circuit (IC) receiving the throttle 
signal. 

4. The method of claim 3, Wherein reducing the poWer 
consumed by the portion of the computer system includes 
reducing a clock frequency or voltage supplied to the IC. 

5. The method of claim 3, Wherein taking the measure 
ment includes measuring a duty cycle of a sWitching signal 
in a poWer supply coupled to a processor, and reducing the 
poWer includes reducing poWer consumed by the processor 
in response to the processor receiving the throttle signal. 

6. The method of claim 3, Wherein taking the measure 
ment includes measuring a duty cycle of a sWitching signal 
in a poWer supply that supplies the poWer, and reducing the 
poWer includes reducing poWer consumed by the IC in 
response to the throttle signal, the IC having a loW impact on 
operation of the computer system. 

7. The method of claim 1, Wherein taking the measure 
ment includes measuring a duty cycle of a sWitching signal 
in a poWer supply coupled to the portion of the computer 
system. 

8. The method of claim 1, Wherein taking the measure 
ment includes measuring a duty cycle of a sWitching signal 
in a poWer supply that supplies the poWer. 

9. The method of claim 1, Wherein using the measurement 
includes determining if the poWer consumed by the portion 
of the computer system has reached a threshold that is 
predetermined to be a constant value. 

10. The method of claim 1, Wherein using the measure 
ment includes determining if the poWer consumed by the 
portion of the computer system has reached a threshold that 
is calculated as a function of time. 

11. A method of limiting poWer consumed by a computer 
system comprising: 

measuring a ?rst parameter that is proportional to poWer 
consumed by a ?rst portion of the computer system; 

measuring a second parameter that is proportional to 
poWer consumed by a second portion of the computer 
system; 

sending a throttle signal to an integrated circuit (IC) of the 
computer system if a calculation that combines at least 
the ?rst and second parameters reaches a threshold; and 

reducing poWer consumed by the IC in response to 
receiving the signal. 

12. The method of claim 11, further comprising deter 
mining if the calculation reaches a threshold that is prede 
termined to be a user-de?ned value. 

13. The method of claim 11, further comprising deter 
mining if the calculation reaches a threshold that is calcu 
lated as a function of time. 

14. The method of claim 11, Wherein the computer system 
is a multiprocessor computer system in Which the ?rst 
portion includes a ?rst processor and the second portion 
includes a second processor. 

15. The method of claim 11, Wherein measuring the ?rst 
parameter includes measuring a duty cycle of a sWitching 
signal of a ?rst poWer supply coupled to the ?rst portion of 
the computer system, and measuring the second parameter 
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includes measuring a duty cycle of a switching signal of a 
second power supply coupled to the second portion of the 
computer system. 

16. A computer system comprising: 

a poWer supply to supply poWer consumed by the com 
puter system; 

a meter coupled to the poWer supply to measure a value 
of a parameter that is approximately proportional to the 
poWer; and 

a controller to send a throttle signal to an integrated circuit 
(IC) of the computer system if an amount calculated 
using the value reaches a threshold. 

Jun. 7, 2001 

17. The computer system of claim 16, Wherein the IC is 
a processor. 

18. The computer system of claim 16, Wherein the param 
eter is a duty cycle of a sWitching signal of the poWer supply. 

19. The computer system of claim 16, Wherein the con 
troller is contained Within a bridge of the computer system. 

20. The computer system of claim 16, Wherein the thresh 
old is predetermined to be a value associated With an 
approximate maXimum poWer that can be consumed by the 
computer system. 

21. The computer system of claim 16, Wherein the thresh 
old is a function of time. 

* * * * * 


