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PROCESSOR MONITORING OF THERMAL DEGRADATION

BACKGROUND
[0001] Heat sinks and fans are the main cooling components of today’s
computer systems. Without such cooling components, processor lifetime would be
severely limited due to overheating and performance of the computer system would
also suffer. Over time, dust or other particulate contaminants can build up on the
respective heat sinks and in the fans which can degrade the cooling system
performance. Some thermal systems have been developed where the performance
of the heat sinks and/or fans are monitored to determine if such degradation has
occurred. These systems sometimes rely on complex air-flow models and heat

models to detect whether or not the cooling system is operating effectively.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] FIG. 1 illustrates an example of a system that monitors processor
performance to detect thermal performance degradation of the system.
[0003] FIG. 2 illustrates an example method that monitors processor
performance to detect thermal performance degradation of a computer system.
[0004] FIG. 3 illustrates an example method that monitors processor
performance and temperature to detect thermal performance degradation of a
computer system.
[0005] FIG. 4 illustrates an example of a reference table to determine
temperature changes over time a system that monitors processor performance to

detect thermal performance degradation of the system.

DETAILED DESCRIPTION
[0006] This disclosure relates to a system and method to detect cooling
component degradation of a computer system. A reference platform can be
employed to measure processor performance when cooling components such as a
heat sink and fan are functioning at peak efficiency. A benchmark program is
executed to determine how long such program takes to execute on the reference
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platform. Overtime, as the cooling component performance degrades due to
particulate contamination on an installed system, the benchmark program can be
executed on the installed system to detect whether or not processor performance
has slowed with respect to the execution time of benchmark program on the
reference platform. This can be achieved by comparing an amount of time for
execution of the benchmark program (e.g., determined on the installed system) to a
reference time (e.g., determined previously on the reference platform) to determine if
the processor has slowed due to thermal degradation of the heat removal
components for the processor. Such slowing or throttling of the processor can be an
early indicator of cooling component degradation which is overlooked by
conventional cooling models.

[0007] The processor on the installed system can set a watchdog timer to set
a predetermined period of time for execution of the benchmark program to complete.
The watchdog timer can be an electronic component or circuit which can be
integrated in the system. The watchdog timer can issue a non-maskable interrupt or
system reset signal, for example. If the watchdog timer should timeout and issue a
reset signal to the platform before execution of the benchmark program, a warning
notification can be issued in a succeeding Power-On-Self-Test, for example, if the
benchmark program does not execute in the predetermined period of time set by the
watchdog timer.

[0008] If the watchdog timer should timeout before execution of the
benchmark program in an operating system environment, a warning notification can
be issued by a predefined interrupt service routine, for example, if the benchmark
program does not execute in the predetermined period of time set by the watchdog
timer. If the benchmark program executes before the watchdog times out, a
throttling notification can be issued if the amount of time for execution of the
benchmark program exceeds a predetermined threshold of time past the reference
time and before the predetermined period of time has expired. The throttling
notification indicates that the processor has slowed due to thermal degradation of the
heat removal components for the processor.
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[0009] By monitoring execution time of the processor over time, performance
degradation can be detected which cannot be achieved by conventional thermal
monitoring systems. Since such conventional systems only monitor the cooling
efficiency of heat removal components without regard to processor performance,
these models can be misled if the processor slows its performance due to
overheating. When the processor slows or throttles its performance, less heat is
generated by the processor and thus can cause conventional models to misdiagnose
potential heating performance problems that have already occurred. In addition to
the performance monitoring described herein, ambient and processor temperatures
can be monitored over time to detect whether or not the processor is operating within
acceptable operating limits with respect to both performance and temperature.
[00010] FIG. 1 illustrates an example of a system 100 that monitors processor
performance to detect thermal performance degradation of the system. The

system 100 includes a processor 110 that is cooled via a heat sink 114 and fan 120
that are collectively referred to as cooling components. The processor 110 executes
programs having computer executable instructions from a memory 130. The
memory 130 includes an initialization routine 140 executed by the processor 110 to
determine whether or not the performance of the heat sink 114 and/or fan 120 have
degraded. Such degradation can include the gathering of dust for example which
can reduce the effectiveness of the heat sink 114 and/or cause a slowing/clogging of
the fan 120.

[00011] The processor 110 executes the initialization routine 140 upon startup
of the processor. The initialization routine 140 is executed out of a BIOS routine so
that performance of the processor can be determined without other system programs
(e.g., user applications) being executed. Although processor performance is
typically monitored during the initialization routine 140 to determine performance,
such performance monitoring could also be achieved in an application routine that
ran outside of the initialization routine (e.g., application that ran on a timed interrupt).
Upon startup of the processor 110, the processor executes a benchmark

program 160 during the initialization routine 140.
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[00012] The benchmark program 160 can be executed by the processor 110 to
determine how long the program takes to execute on a reference platform (not
shown). As used herein, the term reference platform refers to a computer system
that has a pristine heat sink 114 and fan 110 that are operating near maximum
efficiency where time and temperatures are measured and used on an installed
system (e.g., the system 100) to determine performance. The benchmark
program 160 can be any routine such as a mathematical routine, counting routine,
cache operation, memory operation, and so forth.
[00013] Overtime, as the cooling component performance degrades due to
particulate contamination of the cooling components 114 and 120 on the installed
system 100, the benchmark program 160 can be executed on the installed system to
detect whether or not processor performance has slowed with respect to the
execution time of the benchmark program on the reference platform. This can be
achieved by a time monitor 164 that compares an amount of time for execution of the
benchmark program (e.g., determined on the installed system) to a reference
time 170 (e.g., determined previously on the reference platform) to determine if the
processor 110 has slowed due to thermal degradation of the heat removal
components such as the heat sink 114 and fan 120 for the processor. As used
herein, the term thermal degradation refers to the lowering of heat removal efficiency
of the heat removal components described herein, Such slowing or throttling of the
processor 110 can be an early indicator of cooling component degradation which is
overlooked by conventional cooling monitors and models.
[00014] The reference time 170 can be determined by executing the
benchmark program 160 on the reference platform before the thermal degradation of
the heat removal components 114 and 120 has occurred. In one example, the time
monitor 164 sets a watchdog timer (not shown) to set a predetermined period of time
for execution of the benchmark program 160 to complete. Under severe heat
performance degradation, the processor 110 may not be able to execute before the
watchdog times out. Thus, the watchdog timer can issue a reset or interrupt signal
to the processor 110. A warning notification can be issued by the processor 110 if
the benchmark program 160 does not execute in the predetermined period of time

4



WO 2016/018249 PCT/US2014/048595

set by the watchdog timer. As shown, notifications can be generated by the
processor 110 to an output interface 174.
[00015] Another type of notification that can be issued by the processor 110
includes a throttling notification. For example, if the amount of time for execution of
the benchmark program 160 exceeds a predetermined threshold of time past the
reference time 170 and before the predetermined period of time has expired as set
by the watchdog timer, the throttling notification can be issued to indicate that the
processor 110 has slowed due to thermal degradation of the heat removal
components for the processor. When the processor 110 has heated past a
temperature threshold, it typically will throttle its performance which has the effect of
lowering the processor temperature. Thus, if only the performance of the heat
sink 114 and fan 110 were being monitored as is conventional, it is possible that this
monitoring would not detect monitored heat thresholds since the processor throttling
lowered the amount of heat generated. The system 100 overcomes such
deficiencies by monitoring whether or not the processor 110 has slowed its
performance and thus can more accurately determine performance degradation of
the cooling components 114 and 120 while concurrently detecting execution slowing
of the processor.
[00016] A thermal monitor 180 can be provided to monitor a temperature for the
processor 110 and an ambient temperature for the execution environment of the
processor over time to determine thermal performance of the processor after
execution of the benchmark program 160. As shown, the processor 110 receives an
ambient temperature input and a processor/system temperature input. The ambient
temperature input can include monitoring the general temperature inside a computer
housing, for example. The processor/system input can include direct measurements
of the processor temperature and/or measurements that are very close to the
processor 110. Such measurements can be generated via a thermal diode or other
heat sensor, for example.
[00017] The thermal monitor 180 can search a reference table 184 of ambient
temperatures and processor temperatures to determine a reference temperature
(e.g., search reference table and locate reference temperature based on ambient
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and processor temperatures over time). The reference temperature represents a
processor temperature measured on the reference platform after executing the
benchmark program 160. Thus, after the benchmark program 160 has executed, a
current processor/system temperature can be measured by the processor 110 and
compared to the reference temperature derived from the reference table 184 which
was recorded when the benchmark program had executed on the reference platform.
A thermal warning notification can be generated to the output interface 174 if the
current processor temperature exceeds the reference temperature plus a
predetermined threshold temperature (e.g., set as a predetermined amount above
reference temperature). If the threshold is not exceeded, the processor 110 can
issue a message that the thermal system is operating acceptably (e.g., processor
temperature is below the reference temperature and the predetermined threshold
temperature).
[00018] In view of the foregoing structural and functional features described
above, example methods will be better appreciated with reference to FIGS. 2 and 3.
While, for purposes of simplicity of explanation, the methods are shown and
described as executing serially, it is to be understood and appreciated that the
methods are not limited by the illustrated order, as parts of the methods could occur
in different orders and/or concurrently from that shown and described herein. Such
methods can be executed by various components configured an executed by an
integrated circuit, computer, processor, or a controller, for example.
[00019] FIG. 2 illustrates an example method 200 that monitors processor
performance to detect thermal performance degradation of a computer system.
At 210, the method 200 includes executing an initialization routine upon startup of a
processor (e.g., processor 110 executing initialization routine 140 of FIG. 1). At 220,
the method includes executing a benchmark program during the initialization routine
after the startup (e.g., processor 110 executing benchmark program 160 of FIG. 1).
As noted previously, the benchmark program can include any series of instructions
that execute in a measured amount of time on a reference platform. At 230, the
method 200 includes comparing an amount of time for execution of the benchmark
program to a reference time to determine if the processor has slowed due to thermal
6
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degradation of heat removal components for the processor (e.g., processor 110
executing thermal monitor 164 of FIG. 1). The reference time can be determined by
executing the benchmark program on a reference platform before the thermal
degradation of the heat removal components has occurred. As will be described
below with respect to the method of FIG. 3, various notifications regarding the health
of the cooling components (e.g., heat sink and fan) can be generated in accordance
with the method 200.
[00020] FIG. 3 illustrates an example method 300 that monitors processor
performance and temperature to detect thermal performance degradation of a
computer system. At 310, the method 300 includes logging initial parameters and
starting a watchdog timer. The watchdog timer can be employed to set a
predetermined period of time for a benchmark program to execute and provide
output signals to notify the system of a timeout. The initial parameters logged can
include an ambient temperature, a current system/processor temperature, and a
current time. At 320, the method 300 includes running a benchmark program. The
benchmark program is a predetermined number of instructions to allow time for a
processor to warm up. When the cooling system (e.g., fan/heat sink) is operating
efficiently, the benchmark program operates at its maximum speed. Over time, and
as dust accumulates for example, the benchmark program slows which can be
detected to generate notifications and/or other automated actions.
[00021] At 330, the method 300 determines if the benchmark program
completes before the watchdog timer times out. If the benchmark program does not
complete in time, a warning notice is issued at 340 during the next reboot of the
system. In some examples, if the watchdog timer times out, a reboot can be initiated
by the watchdog timer. At 350, the method 300 logs a current time and a current
temperature representing a time and temperature after execution of the benchmark
program at 320. At 360, the current time is compared to a reference time. The
reference time is a stored parameter that was measured on a reference platform
when the cooling system was operating at maximum efficiency (or near maximum).
If the current time exceeds the reference time at 360, a throttling warning can be
issued at 370 to notify the user that processor performance has slowed due to

7
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thermal degradation of the cooling components for the processor (e.g., heat sink
and/or fan).
[00022] At 380, the method 300 includes searching a reference table to retrieve
a reference temperature. The reference temperature represents an expected
temperature for the system/processor after execution of the benchmark program.
Thus, the reference table represents a temperature slope of how temperature for the
processor changes over time (e.g., after execution of the benchmark program),
where the reference table represents stored values measured previously on a
reference platform. An example reference table 400 is illustrated in FIG. 1. TEMP-A
represents ambient temperature measured at startup of the processor on the
reference platform. TEMP-S represents system and/or CPU temperatures measured
on the reference platform before execution of the benchmark program. TEMP-E
represents a reference temperature for system/processor temperature measured on
the reference platform after execution of the benchmark program. The examples
shown in FIG. 4 are merely for illustrative purposes, other example temperatures are
possible.
[00023] Referring back to 380 of FIG. 3, the method 300 searches the
reference table to find the reference temperature TEMP-E. At 384, the method 300
compares the reference temperature TEMP-E with the current temperature
measured at 350 of the installed platform. If the current temperature exceeds the
reference temperature TEMP-E plus a threshold temperature (e.g., reference
temperature plus 10 degrees C) at 384, the method 300 issues a warning that the
efficiency of the thermal system has dropped. The user can then contact a
technician to clean the heat sink and/or fan, for example, if such notice at 386 is
issued. If the reference temperature plus the threshold temperature is below the
threshold at 384, the method 300 can issue a healthy thermal system notice at 390.
After issuance of the message at 390, the method can proceed out of initialization
and initiate user applications and tasks.
[00024] What have been described above are examples. It is, of course, not
possible to describe every conceivable combination of components or methods, but
one of ordinary skill in the art will recognize that many further combinations and

8
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permutations are possible. Accordingly, the invention is intended to embrace all
such alterations, modifications, and variations that fall within the scope of this
application, including the appended claims. Additionally, where the disclosure or

claims recite "a," "an," "a first,” or "another" element, or the equivalent thereof, it
should be interpreted to include one or more than one such element, neither
requiring nor excluding two or more such elements. As used herein, the term
“‘includes” means includes but not limited to, and the term “including” means

including but not limited to. The term “based on” means based at least in part on.
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CLAIMS

1. A method comprising:

executing, by a processor, an initialization routine upon startup of the
processor;

executing a benchmark program during the initialization routine after the
startup; and

comparing an amount of time for execution of the benchmark program to a
reference time to determine if the processor has slowed due to thermal degradation

of heat removal components for the processor.

2. The method of claim 1, wherein the reference time is determined by executing
the benchmark program on a reference platform before the thermal degradation of

the heat removal components has occurred.

3. The method of claim 2, further comprising setting a watchdog timer to set a
predetermined period of time for execution of the benchmark program to complete.

4. The method of claim 3, further comprising issuing a warning or reset
notification if the benchmark program does not execute in the predetermined period

of time set by the watchdog timer.

5. The method of claim 2, further comprising issuing a throttling notification if the
amount of time for execution of the benchmark program exceeds a predetermined
threshold of time past the reference time and before the predetermined period of
time has expired, wherein the throttling notification indicates that the processor has
slowed due to thermal degradation of the heat removal components for the

processor.

10
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6. The method of claim 5, further comprising monitoring a temperature for the
processor and an ambient temperature for the execution environment of the
processor over time to determine thermal performance of the processor after

execution of the benchmark program.

7. The method of claim 6, further comprising searching a reference table of
ambient temperatures and processor temperatures to determine a reference
temperature, wherein the reference temperature represents a processor temperature

measured on the reference platform after executing the benchmark program.

8. The method of claim 7, further comprising issuing a thermal warning if a
current processor temperature exceeds the reference temperature plus a

predetermined threshold temperature.

9. The method of claim 7, further comprising issuing a message that the thermal
system is operating acceptably if processor temperature is below the reference
temperature and the predetermined threshold temperature.

10. A non-transitory computer readable medium comprising computer executable
instructions that when executed cause a processor to:

execute an initialization routine upon startup of the processor;

execute a benchmark program during the initialization routine after the
startup;

compare an amount of time for execution of the benchmark program to a
reference time to determine if the processor has slowed due to thermal degradation
of heat removal components for the processor, wherein the reference time is
determined by executing the benchmark program on a reference platform before the
thermal degradation of the heat removal components has occurred; and

monitor a temperature for the processor and an ambient temperature for the
execution environment of the processor over time to determine thermal performance
of the processor after execution of the benchmark program.

11
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11.  The non-transitory computer readable medium of claim 10, further comprising
instructions to search a reference table of ambient temperatures and processor
temperatures to determine a reference temperature, wherein the reference
temperature represents a processor temperature measured on the reference

platform after executing the benchmark program on the reference program.

12.  The non-transitory computer readable medium of claim 11, further comprising
issuing a thermal warning if a current processor temperature exceeds the reference

temperature plus a predetermined threshold temperature.

13.  The non-transitory computer readable medium of claim 10, further comprising
instructions to issue a throttling notification if the amount of time for execution of the
benchmark program exceeds a predetermined threshold of time past the reference
time, wherein the throttling notification indicates that the processor has slowed due

to thermal degradation of the heat removal components for the processor.

14. A system, comprising:

a processor to execute computer executable instructions from a memory, the
computer executable instructions comprising:

an initialization routine upon startup of the processor;

a benchmark program executed by the processor during the initialization
routine;

a time monitor to compare an amount of time for execution of the benchmark
program to a reference time to determine if the processor has slowed due to thermal
degradation of heat removal components for the processor, wherein the reference
time is determined by executing the benchmark program on a reference platform
before the thermal degradation of the heat removal components has occurred; and

a thermal to monitor a temperature for the processor over time to determine

thermal performance of the processor after execution of the benchmark program.

12
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15.  The system of claim 14, the computer executable instructions further
comprising a reference table of reference temperatures that include ambient
temperatures and processor temperatures that are recorded before and after the
benchmark program executes on a reference platform, wherein the reference
temperatures are compared to current temperatures to detect thermal degradation of

the heat removal components.

13
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