
 
Example of Disaster Caused by Overflow Error 

For a video see: http://www.youtube.com/watch?v=z-r9cYp3tTE 

On June 4, 1996  the French Ariane 5 rocket 
exploded on its first research mission.  The cost of 
the rocket and its scientific cargo was 
approximately $500 million.  The reason for the 
explosion was   a computer arithmetic error -- an 
overflow error. [Pictures from 
http://www.ima.umn.edu/~arnold/disasters/ariane.html ] 

Excerpts from a SIAM News article are below.  The most relevant parts are in red. The complete 
article is at http://www.math.sjsu.edu/~foster/m143m/ariane_rocket_overflow.pdf . 

From SIAM News, Vol. 29. Number 8, October 1996: 

Inquiry Board Traces Ariane 5 Failure to Overflow Error 
Readers of SIAM News may remember that on June 4, less than a minute into its first flight, the 
French rocket Ariane 5 self-destructed. As it happened, the board appointed by CNES (Centre 
national des études spatiales) and ESA (the European Space Agency) to investigate the failure 
was chaired by applied mathematician Jacques-Louis Lions of the Collège de France. The story 
of the uncovering of the software error that led to the crash is summarized here, based on an 
English translation of parts of the board’s report, which was completed within six weeks of the 
explosion.  

On the basis of the documentation and information available to the board, the weather at the 
launch site in Kourou, French Guiana, on the morning of June 4, 1996, was acceptable for a 
launch. In particular, there was no risk of lightning since the strength of the electric field 
measured at the launch site was negligible. The only uncertainty was whether visibility criteria 
would be fulfilled.  

The countdown went smoothly until 7 minutes before the scheduled liftoff time, when the launch 
was put on hold because the visibility criteria were not met. Visibility conditions improved as 
forecast, however, and the launch was initiated. Ignition of the Vulcain engine and the two solid 
boosters was nominal, as was liftoff. The flight of the vehicle was nominal until approximately 
37 seconds after liftoff. Shortly after that time, the vehicle suddenly veered off its flight path, 
broke up, and exploded.  
. . . 
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Analysis of the Failure 
. . . 
The origin of the failure was thus rapidly narrowed down to the flight control system, and more 
particularly to the two inertial reference systems (SRIs), which obviously ceased to function 
almost simultaneously at about 36.7 seconds.  

This angle of attack was caused by full nozzle deflections of the solid boosters and the main 
Vulcain engine.  

The nozzle deflections were commanded by the OBC software on the basis of data transmitted 
by the active SRI (SRI 2). Part of the data for that time did not consist of proper flight data, but 
rather showed a diagnostic bit pattern of the computer of SRI 2, which was interpreted as flight 
data.  

SRI 2 did not send correct attitude data because the unit had declared a failure due to a software 
exception.  

The OBC could not switch to the back-up SRI (SRI 1) because that unit had already ceased to 
function during the previous data cycle (72-millisecond period) for the same reason as the SRI 2.  

The internal SRI software exception was caused during execution of a data conversion from a 
64-bit floating-point number to a 16-bit signed integer value. The value of the floating-point 
number was greater than what could be represented by a 16-bit signed integer. The result was an 
operand error. The data conversion instructions (in Ada code) were not protected from causing 
operand errors, although other conversions of comparable variables in the same place in the code 
were protected.  

. . . 
 
Comments on the Failure Scenario 
. . . 
 
 An underlying theme in the development of Ariane 5 is a bias toward the mitigation of random 
failure. The supplier of the SRI followed the specifications given to it, which stipulated that in 
the event of any detected exception the processor was to be stopped. The exception that occurred 
was due not to random failure but to a design error. The exception was detected but was handled 
inappropriately because the view had been taken that software should be considered correct until 
it is shown to be at fault. The board has reason to believe that this view is also accepted in other 
areas of Ariane 5 software design. The board favors the opposite view---that software should be 
assumed to be faulty until application of the currently accepted best practice methods can 
demonstrate that it is correct.  
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