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Summary 

The following report presents the results of a basic comparison made of both thermal and integer CPU performance characteristics between the current FIDO rover CPU (266MHz Pentium MMX) and the upgraded replacement CPU (1.6GHz Pentium M). 
The results provide a general conclusion on the relative metrics of each CPU but are in no way exhaustive or complete. However, the measured results provide sufficient evidence to support the conclusions drawn. To get detailed performance comparisons, many more benchmarks would need to be run in more real-world scenarios. For the purposes of this comparison, it is unlikely that additional testing would change the overall conclusions drawn.
Conclusions

While the new CPU runs significantly faster than the old FIDO CPU - about 8.5x faster in integer performance - it can be throttled back in the BIOS to where it is only about 3.3x faster. At the slower clock speed, it is only about 5 times faster than current flight CPU hardware.

The new CPU includes advanced active cooling and so it will actually run significantly cooler than the old FIDO CPU and will tolerate higher ambient temperatures as well. The thermal measurements support this conclusion. In fact, at full clock speed (1.6GHz) under full load the new CPU runs significantly cooler than the old CPU does at idle (no load)!
Under full load, the old FIDO CPU runs very hot even in relatively cool ambient room temperatures. In a more realistic environment (e.g. installed in a rover chassis in summer heat) the old FIDO CPU will run dangerously close to, if not exceeding Intel recommendations of maximum operating temperature (refer to individual Intel processor specifications for CPU-specific thermal limits).

Concerns expressed about thermal shutdown are not an issue. The new CPU will not automatically throttle its CPU speed unless enabled in software. VxWorks does not currently support the ability to enable automatic CPU clock adjustments based on temperature. Also, as with all Pentium 4/M class CPUs, the new CPU will not perform an involuntary shutdown until its core reaches around 125C (257F) – a catastrophic temperature. In any case, all other thermal management capabilities can be explicitly disabled in the BIOS.
Integer CPU Performance
CPU performance concerns were primarily oriented at flight relevance. The issue is regarding the validity of developing and running research algorithms on CPUs that are significantly faster than the target flight environment. A standard benchmark was run on each CPU to gauge the relative performance differences between the various CPUs as compared to a modern flight computer.

The Dhrystone benchmark was compiled from original C source and run under VxWorks 5.5.1. For flight relevance, the benchmark was run on the Enhanced RAD750 spaceflight computer (from BAE systems), which is current state-of-the-art for flight. For comparison, the benchmark was also run on two other workstation-class CPU’s running Linux.
The Dhrystone benchmark is an industry standard which measures integer-only raw CPU number crunching performance. It serves as a good baseline performance comparison but does not take into account many other architectural factors such as cache sizes (hits/misses), memory bus speed etc. As such, the following numbers should be taken for reference only. No attempt was made to analyze the code generated by the compiler (WindRiver supplied gcc 2.96p for ix86 and ppc), nor were variations of compiler options tried. The Intel and PowerPC versions were compiled using similar command lines.
The following table summarizes the results:
	CPU
	uS per Dhrystone
	Dhrystones per second
	Relative to Erad750

	Pentium M 1.6GHz (FIDO2)


	0.3

	2857142.8
	13.7x

	Pentium M 600MHz (FIDO2 forced to 600MHz in BIOS)
	0.9
	1106194.1
	5.3x

	Pentium MMX 266MHz (FIDO)


	3.0
	333333.3
	1.6x

	Erad750 PPC 132MHz (MSAP Space Flight Computer)
	4.8
	208333.3
	1.0x

	Pentium 4 3.2GHz (Jordan RedHat 9, 2.4 kernel)
	0.3
	3333333.3
	16.0x

	Pentium 4 Xeon 1.5GHz (Oriole Fedora Core 3, 2.6 kernel)

	0.7
	1428571.4
	6.8x


Thermal Characterization
Thermal testing was done to assess what temperature the CPU was running at under full CPU load and, more importantly, how close to physical thermal limits it was. 
Thermal concerns were primarily oriented at thermal shutdown and automatic CPU clock speed throttling. The current Pentium 4/M and above CPU’s will automatically shutdown at 125C (refer to individual Intel CPU specs for details). At that temperature, it’s likely that something catastrophic has already happened. Newer Pentium’s also support a technology called Intel SpeedStep, which allows the CPU to automatically (or under manual software control) change their clock speed to reduce thermal dissipation and power consumption.
For the Pentium M, thermal information was obtained by running software to read the thermal diode in the Pentium M core. This is done through the onboard Windbond W83627F Super I/O chip. The FIDO2 CPU provides both an internal CPU temperature and a "board" temperature (which I believe is a temperature sensor located inside the Windbond chip itself). The Pentium thermal diode is an un-calibrated temperature sensor and its accuracy is therefore somewhat variable. Refer to the Pentium M specification for details. For the purposes of this comparison, the level of accuracy was not considered a significant source of error. Note that this method of measuring temperature requires two tasks to be run: one to run the benchmark and one to run the thermal monitor. The thermal monitor was run at slightly higher priority than the benchmark since it runs infrequently. This also allows it to run immediately when requested so as to read the most accurate temperature generated by the CPU-bound benchmark task. However, there will be some lag in the thermal monitor reading the temperature and the CPU core may cool slightly in the meantime. Again, this is not seen as a significant source of accuracy error for the purposes of this comparison.
For the old FIDO CPU there was no software or information available for directly reading the CPU's internal temperature (support for this CPU has been discontinued by the vendor). A Fluke Infrared remote temperature sensor was used to gauge the heat being dissipated from the CPU’s heat sink.  As a result, there is also no board temperature reported for this CPU.
It should be noted that the new FIDO2 CPU has a “high performance active cooling” solution, designed by the CPU board vendor. This is essentially a specially designed heat sink made of nickel-plated copper with integral fan including “heat pipe” tubes to draw more heat from the heat sink into the fan’s airflow. In practice this heat sink appears to perform extremely well.
The old FIDO CPU has only a standard aluminum heat sink attached to the CPU chip, no fan. In addition, the CPU is ‘buried’ in the middle of the PC104 stack, greatly limiting the amount of heat the heat sink can actually dissipate to the surrounding environment. Without external airflow, this CPU can get very hot, as the measurements suggest.
Ambient room temperature was measured to be 70F (21C). 

The temperature of each CPU was measured both in idle state (running VxWorks, but with no active tasks), and under full load using the Dhrystone benchmark executing in a continuous loop for several minutes.

No thermal measurements were made for the other CPUs listed above.

The following table summarizes the results.

	CPU
	Idle (CPU/board)
	Load

	Pentium M @ 1.6GHz
	18C/40C
	30C

	Pentium M @ 600MHz
	15C/35C
	18C

	Pentium MMX @ 266MHz
	77C/ na
	90C


