
WO 03/027819 PCT/US02/30954  METHOD AND APPARATUS TO MONITOR PERFORMANCE OF
A  PROCESS BACKGROUND  Today, many electronic devices, such as computers
and cell phones, use software  5 that includes instructions for controlling
the operation of these devices. These instructions are sometimes referred
to as software programs or software processes, or  simply programs or
processes. Some processes operating within a computing device may adversely
affect  performance of the computing device. An example of such an
inefficient/nonproductive  10 process is a process which makes many
accesses to an input/output (I/O) device. If the process spends time idle
while waiting for the I/O device to respond, then this may  adversely
affect performance of the computing device in that the process is not
efficiently  using the hardware resources of the device. Thus, there is a
continuing need for better ways to execute software in electronic  15
devices. BRIEF DESCRIPTION OF THE DRAWINGS The subject matter regarded as
the invention is particularly pointed out and  distinctly claimed in the
concluding portion of the specification. The invention,  however, both as
to organization and method of operation, together with objects, 20
features, and advantages thereof, may best be understood by reference to
the following  detailed description when read with the accompanying
drawings in which: FIG. 1 is a block diagram of a computing device in
accordance with an  embodiment of the present invention; and FIG. 2 is a
flow chart of a method of monitoring a process in accordance with an  25
embodiment of the present invention. 



1 WO 03/027819 PCT/US02/30954  DETAILED DESCRIPTION In the following
detailed description, numerous specific details are set forth in  order to
provide a thorough understanding of the invention. However, it will be
understood by those skilled in the art that the present invention may be
practiced without 5 these specific details. In other instances, well-known
methods, procedures, components  and circuits have not been described in
detail so as not to obscure the present invention.  Embodiments of the
present invention may include an apparatus for performing  the operations
herein. This apparatus maybe specially constructed for the desired
purposes, or it may comprise a general purpose computing device selectively
activated or  10 reconfigured by a program stored in the device. Such a
program maybe stored on a  storage medium, such as, but is not limited to,
any type of disk including floppy disks,  optical disks, CD-ROMs,
magnetic-optical disks, read-only memories (ROMs), random  access memories
(RAMs), electrically programmable read-only memories (EPROMs),
electrically erasable and programmable read only memories (EEPROMs),
magnetic or 15 optical cards, or any other type of media suitable for
storing electronic instructions, and  capable of being coupled to a system
bus for a computing device. The methods presented herein are not inherently
related to any particular  computing device or other apparatus. Various
general purpose systems may be used with  programs in accordance with the
teachings herein, or it may prove convenient to 20 construct a more
specialized apparatus to perform the desired method. The desired  structure
for a variety of these systems will appear from the description below. In
addition, embodiments of the present invention are not described with
reference to any  particular programming language. It will be appreciated
that a variety of programming  languages may be used to implement the
teachings of the invention as described herein. 



25 In the following description and claims, the terms "coupled" and
"connected,"  along with their derivatives, may be used. It should be
understood that these terms are  not intended as synonyms for each other.
Rather, in particular embodiments,  "connected" may be used to indicate
that two or more elements are in direct physical or  electrical contact
with each other. "Coupled" may mean that two or more elements are in 2 WO
03/027819 PCT/US02/30954  direct physical or electrical contact. However,
"coupled" may also mean that two or  more elements are not in direct
contact with each other, but yet still co-operate or interact  with each
other. Turning to FIG. 1, an embodiment 100 in accordance with the present
invention  5 is described. Embodiment 100 may comprise a computing device
50. Computing device  50 maybe used in a variety of portable communication
systems such as, for example, a  mobile communication device (e.g., cell
phone), a two-way radio communication system,  a one-way pager, a two-way
pager, a personal communication system (PCS), a portable  computer, a
personal digital assistant (PDA), or the like. Although it should be
pointed 10 out that the scope and application of the present invention is
in no way limited to these  examples. For example, other applications where
the present invention may be used are  non-portable electronic
applications, such as in cellular base stations or video equipment. In this
example, computing device 50 includes a processing unit 10 for executing  a
software program, a memory 20 to store the program, an input/output (1/0)
device 30  15 connected to processing unit 10, and a monitoring unit 40
connected to processing unit 10. In addition, a power supply 60 is
connected to processing unit 10 and may provide  an operating voltage or
source of operating potential such as, for example, a voltage  labeled VDD.
A clock 70 is connected to processing unit 10 and may provide a clock
signal label CLK. Although memory 20,10 device 30, monitoring unit 40,
power 



20 supply 60, and clock 70 are shown as directly connected to processing
unit 10, the scope  of the present invention is not limited in this
respect. For example, memory 20 may be  coupled to processing unit 10 via a
memory controller (not shown). The operating speed of processing unit 10
maybe changed by altering the  frequency of signal CLK. Power consumption
of processing unit 10 maybe altered by  25 altering operating voltage VDD
or altering the frequency of signal CLK. For example, the power consumption
of processing unit 10 may be reduced by reducing voltage VDD or  reducing
the frequency of signal CLK. Processing unit 10 may comprise, for example,
a microprocessor, a digital signal  processor, a microcontroller, or the
like. Processing unit 10 may be used to execute 3 WO 03/027819
PCT/US02/30954  software for controlling the operation of computing device
50. In addition, processing  unit 10 maybe used to execute a program for
processing data received from I/O device  30, although the scope of the
present invention is not limited in this respect. Instructions to be
executed by processing unit 10 may be stored in memory 20,  5 although the
scope of the present invention is not limited in this respect. Memory 20
may be volatile or non-volatile memory, although the scope of the present
invention is  not limited in this respect. Memory 20 may comprise, for
example, disk including floppy  disks, optical disks, CD-ROMs,
magnetic-optical disks, read-only memories (ROMs),  random access memories
(RAMs) such as dynamic RAM (DRAM) or static RAM 10 (SRAM), electrically
programmable read-only memories (EPROMs), electrically  erasable and
programmable read only memories (EEPROMs), magnetic or optical cards,  or
any other type of media suitable for storing electronic instructions. UO
device 30 may be used for receiving data from a user or may be used for
transmitting data to a user. UO device 30 may comprise, for example, a
keyboard, a  



15 display, or a printer, although the scope of the present invention is
not limited in this  respect. Monitoring unit 40 may be used to monitor the
performance of a software process  running in processing unit 10. In this
embodiment, monitoring unit 40 maybe adapted to  monitor a software process
operating in processing unit 10 while the process is being 20 executed.
Specifically, monitoring unit 40 maybe adapted to determine if the process
is  operating at or below a predetermined threshold level of performance.
Processing unit 10 and monitoring unit 40 may be implemented within a
microprocessor rather than implemented as separate devices. For example,
processing  unit 10 may be a processor core and monitoring unit 40 may be a
performance 25 monitoring unit (PMU) within a microprocessor.
Alternatively, the function of  monitoring unit 40 may be implemented using
software rather than hardware.  Turning now to FIG. 2, a method in
accordance with an embodiment of the present invention is provided. This
embodiment may begin with executing a software  process, block 200. This
method maybe implemented using computing device 50 of  4 WO 03/027819
PCT/US02/30954  FIG. 1. The software process maybe executed using
processing unit 10, which may  employ an operating system for controlling
execution of the software process.  Alternatively, processing unit 10 may
directly execute the software process without using  an operating system. 5
The process maybe monitored while executing to determine if the process is
operating efficiently, block 210. By way of example, monitoring unit 40
(FIG. 1) maybe  used to monitor the process operating within processing
unit 10. The efficiency or  performance of a software process may be
defined and determined in a number of ways.  For example, a software
process may be defined as inefficient if the process does not 



10 produce the effect intended or desired or is wasteful in terms of
factors like time, energy,  etc. As an example, performance of a software
process may be measured in terms of the  power consumed by computing device
50 while executing the process. In another  example, if a process spends an
excessive amount of time waiting for an 1/0 device or  memory to respond,
this may be defined as an inefficient use of the computing device's 15
resources since clock cycles are spent waiting, rather than executing
another productive  instruction. Performance of a software process maybe
determined by monitoring the number  of occurrences of a
performance-related event. Examples of performance-related events  include
memory-related processor stalls, cache misses (e.g., instruction and/or
data), 20 stalls from heavy use of a coprocessor (e.g., floating point
operations), the amount of  time the processor is idle while waiting for an
1/0 device or memory to respond, or the  like. It should be pointed out
that this list of performance-related events is not  exhaustive, and that
the present invention maybe adapted to monitor any event or  combinations
of events that are indicative of performance with respect to factors such
as,  25 for example, time or energy. By way of example, processing unit 10
may program monitoring unit 40 to look  for a defined performance-related
event, and then notify processing unit 10 if the defined  event occurs.
Monitoring unit 40 maybe a PMU that is programmed to watch for
memory-related processor stalls. The PMU may include a counter for counting
the  5 WO 03/027819 PCT/US02/30954  number of memory-related processor
stalls. Before running a process, processing unit 10  may program
monitoring unit 40 to transmit an interrupt when more than 10,000
memory-related processor stalls are counted. In this example, the
predetermined  threshold level of performance or defined event is 10,000
memory-related processor 



5 stalls. If more than 30,000 clock cycles and 10,000 memory-related
processor stalls have  occurred, then from this information, the operating
system within processing unit 10 may  determine that the process is "memory
bound." In response, the operating system may  terminate or suspend the
process and enter a low power mode of operation to reduce  power
consumption of the computing device, thereby increasing performance of 10
computing device 50. In an alternate embodiment, the performance-related
event or  threshold level may be defined as a maximum number of VO
accesses. Monitoring unit  40 may detect or identify if the threshold level
has been reached by counting the number  of times UO device 30 is accessed
by a currently executing software process. If the  number of UO accesses is
greater than the predetermined number of I/O accesses, then 15 monitoring
unit 40 may notify processing unit 10 by transmitting an interrupt to
processing unit 10. The interrupt may serve as an alert for notifying
processing unit 10  that the defined event has occurred. Monitoring unit 40
may be implemented to monitor a software process non- intrusively. In other
words, rather than suspending execution of the process, monitoring  20 unit
40 may be adapted to monitor the software process while the process is
executing. This is referred to as monitoring an active process. An active
process is a process that is  currently running or executing. One way
monitoring an active process maybe  accomplished is monitoring the results
of execution of the software process rather than  monitoring the process
directly. For example, the number of times 1/0 device 30 is 25 accessed by
the software may be obtained directly from UO device 30 rather than by
directly monitoring the software or processing unit 10. In an alternate
embodiment, this  information may be obtained by monitoring data on a data
bus between processing unit  10 and 1/0 device 30, although the scope of
the present invention is not limited in this  respect. 6 



WO 03/027819 PCT/US02/30954  Monitoring unit 40 may monitor the software
process running in processing unit 10 to determine if the process is
operating efficiently, block 220. If the software process  is not operating
efficiently, the power consumption of processing unit 10 maybe altered,
block 230. By altering the power consumption of processing unit 10, the
performance of 5 computing device 50 may be increased. It should be
understood that since processing  unit 10 is a component of computing
device 50, that altering the power consumption of  processing unit 10 also
may alter the power consumption of computing device 50,  although the scope
of the present invention is not limited in this respect. In the example
shown in FIG. 1, monitoring unit 40 evaluates performance 10 related event
information (labeled Event) from processing unit 40. If monitoring unit 40
determines that the software process is operating below a predetermined
threshold level  of performance, monitoring unit 40 may preempt the
software process currently running  in processing unit 10 by transmitting
an interrupt signal (labeled Interrupt) to processing  unit 10. 15 If
processing unit 10 employs an operating system, then the operating system
may  tenninate or suspend the process in response to the interrupt. The
operating system may  execute a different process to make more efficient
use of computing device 50, e.g., by  either increasing or decreasing the
power consumption of computing device 50. In an  alternate embodiment, in
response to the interrupt from monitoring unit 40, the frequency 20 of
signal CLK may be decreased to reduce the power consumption of computing
device  50. In yet another embodiment, the operating voltage (VDD) of
processing unit 10 may be  reduced in response to the interrupt from
monitoring unit 40. In addition, any  combination of the above methods for
altering power consumption may be employed in  response to the interrupt
from monitoring unit 40. For example, both the operating 25 voltage (VDD)
and the frequency of signal CLK maybe reduced in response to the  



interrupt from monitoring unit 40. It should be noted that the scope of the
present  invention is not limited to these methods for altering the power
consumption of  computing device 50. Other methods for altering power
consumption may be employed  in response to identification of an
inefficient software process. 7 WO 03/027819 PCT/US02/30954  In portable
electronic applications, it may be desirable to reduce power consumption in
order to increase battery life. Therefore, if a software process is
adversely affecting power consumption, then the software process may be
suspended and  delayed until the portable communication device is connected
to a stable power supply 5 (e.g., plugged into the wall). This may be
desirable to save power associated with the  processing that would
otherwise drain the battery. In other applications, if the software
process is not producing an intended result, then increasing the power
consumption may  be desirable. For example, if a process is exhibiting poor
performance, then the clock  rate of the computing system may be increased
to complete the process in a relatively 10 shorter amount of time. By
increasing the clock rate, the power consumption of the  computing system
may be increased. After executing the inefficient process, the  computing
system may enter a low power mode of operation. While certain features of
the invention have been illustrated and described herein,  many
modifications, substitutions, changes, and equivalents will now occur to
those 15 skilled in the art. It is, therefore, to be understood that the
appended claims are intended  to cover all such modifications and changes
as fall within the true spirit of the invention.  8 WO 03/027819
PCT/US02/30954  Claims: 1. A method comprising: 



altering power consumption of a device if an active process is operating at
or  below a predetermined level of performance. 5 2. The method of claim 1,
wherein altering power consumption of the device  includes preempting the
active process. 3. The method of claim 1, wherein altering power
consumption of the device  10 includes: suspending operation of the active
process; and  executing a second process. 4. The method of claim 1, wherein
altering the power consumption of the  15 device includes reducing the
power consumption of the device. 5. The method of claim 1, wherein altering
the power consumption of the  device includes increasing the power
consumption of the device. 20 6. The method of claim 1, wherein altering
the power consumption includes  reducing an operating voltage of the
device. 7. The method of claim 1, wherein altering the power consumption
includes  reducing a clock speed of the device. 25 8. The method of claim
1, further including monitoring the active process to  determine if the
active process is operating below the predetermined level of  performance.
9 WO 03/027819 PCT/US02/30954  9. The method of claim 8, wherein monitoring
the active process includes counting a number of occurrences of a defined
performance-related event. 10. The method of claim 9, wherein counting the
number of occurrences of  



5 the defined performance-related event includes counting a number of times
an  input/output (I/0) device is accessed by the active process. 11. The
method of claim 9, wherein monitoring further includes determining  if the
number of occurrences of the defined performance-related event is greater
than a  10 predetermined number of occurrences. 12. A method, comprising:
monitoring a process while the process is executing to determine if a
defined  event has occurred, wherein the defined event indicates efficiency
of the process; and  15 reducing a voltage potential after occurrence of
the defined event. 13. The method of claim 12, wherein monitoring includes
counting a number  of occurrences of a performance-related event. 20 14.
The method of claim 13, wherein the defined event occurs when the  number
of occurrences of the performance-related event is greater than a
predetermined  maximum number of occurrences. 15. The method of claim 13,
wherein the performance-related event is a  25 memory access. 16. The
method of claim 12, further comprising generating an interrupt signal  upon
the occurrence of the defined event, wherein the voltage potential is
reduced after  generating the interrupt signal. 10 WO 03/027819
PCT/US02/30954  17. An article comprising a storage medium having stored
thereon instructions, that, when executed by a computing platform, results
in altering power  consumption of a device if an active process is
operating below a predetermined level of  performance. 5 



18. The article of claim 17, wherein altering the power consumption
includes  reducing an operating voltage of the device. 19. The article of
claim 17, wherein altering the power consumption includes  10 reducing a
clock speed of the device. 20. An portable communication device,
comprising:  a static random access memory; a processing unit coupled to
the static random access memory and adapted to  15 execute a process; and a
monitoring unit adapted to monitor the process while the process is
executing  and adapted to notify the processing unit upon occurrence of a
defined event indicative of  efficiency of the process, wherein the
processing unit reduces the power consumption of  the portable
communication device in response to the notification from the monitoring
20 unit. 21. The portable communication device of claim 20, wherein the
processing  unit is a processor core. 25 22. The portable communication
device of claim 20, wherein the monitoring  unit is a performance
monitoring unit (PMU). 23. The portable communication device of claim 20,
wherein the static  random access memory is adapted to store the process.
11 WO 03/027819 PCT/US02/30954  24. The portable communication device of
claim 20, further including an input/output (1/0) device coupled to the
processing unit.  12 


