Software Errors involving Arithmetic
500 Million Dollar Programming Error ( France’s Arianne 5

$500-million software error provides a sobering reminder that this principle is not just a pleasant academic ideal. 

On June 4, 1996, the maiden flight of the European Ariane 5 launcher crashed about 40 seconds after takeoff. Media reports indicated that the amount lost was half a billion dollars -- uninsured. 

It is a remarkably short, simple, clear and forceful document. 

Its conclusion: the explosion was the result of a software error -- possibly the costliest in history (at least in dollar terms, since earlier cases have caused loss of life). 

Particularly vexing is the realization that the error came from a piece of the software that was not needed during the crash. It has to do with the Inertial Reference System, for which we will keep the acronym SRI used in the report, if only to avoid the unpleasant connotation that the reverse acronym could evoke for US readers. Before lift-off certain computations are performed to align the SRI. Normally they should be stopped at -9 seconds, but in the unlikely event of a hold in the countdown resetting the SRI could, at least in earlier versions of Ariane, take several hours; so the computation continues for 50 seconds after the start of flight mode -- well into the flight period. After takeoff, of course, this computation is useless; but in the Ariane 5 flight it caused an exception, which was not caught and -- boom. 

The exception was due to a floating-point error: a conversion from a 64-bit integer to a 16-bit signed integer, which should only have been applied to a number less than 2^15, was erroneously applied to a greater number, representing the "horizontal bias" of the flight. There was no explicit exception handler to catch the exception, so it followed the usual fate of uncaught exceptions and crashed the entire software, hence the on-board computers, hence the mission. 

This is the kind of trivial error that we are all familiar with (raise your hand if you have never done anything of the sort), although fortunately the consequences are usually less expensive. How in the world can it have remained undetected, and produced such a horrendous outcome? 

http://archive.eiffel.com/doc/manuals/technology/contract/ariane/page.html
NASA
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WASHINGTON (AP) -- Failure to convert English measures to metric values caused the loss of the Mars Climate Orbiter, a spacecraft that smashed into the planet instead of reaching a safe orbit, a NASA investigation concluded Wednesday. 

The Mars Climate Orbiter, a key craft in the space agency's exploration of the red planet, vanished after a rocket firing September 23 that was supposed to put the spacecraft on orbit around Mars. 

An investigation board concluded that NASA engineers failed to convert English measures of rocket thrusts to newton, a metric system measuring rocket force. One English pound of force equals 4.45 newtons. A small difference between the two values caused the spacecraft to approach Mars at too low an altitude and the craft is thought to have smashed into the planet's atmosphere and was destroyed.

Full article : http://www.cnn.com/TECH/space/9911/10/orbiter.02/ 
