* Lecture 22 Software Disasters
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Software Methods and Tools
CoCl 3308 - Fall Semester, 2004

* Today's Lecture

» Discuss several different software disasters to
provide insights into
« the types of errors that can ocour
o the costs associated with them
= Examples
« Mars Chmate Orbiter
« Mars Polar Lander
« Patrict Misside Defense System
« Ariane 5
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ih’lars Climate Orbiter

= Science Objeclives
» Monitor chmate changes
= Serve as relay for Mars Polar Lander
» Costs for Climate Orbiter and Polar Lander
combined
» Spacecraft Development - 123.1 milkon
» Launch - 1.7 million
= Mission and Operations - 428 million
« lodal - 327.58 milkon
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ﬁ Mars Climate Orbiter. continued

s Suppased o enter Marian almasphere “at a h h1mruy=|:l.|:-r:.l' and
“ightly aerobrafe” In achieve orbil, which wses less fuel

« Due ip a conversion ermor in which commands o the spacecraft
were sent in Englesh units rather than mednc unils, the
spacecrafi eniered Lhe atmosphere at “a irajectary 170km lower
than planned”

= Thiz spscecrail bkt almosohens earfer than was planned and
Wik thiss Iraveding oo fzsl; this ked b e desiructon of the
E{ [ e

= SinDe e Poler Landor eas 2lsa o], the combirsd oot of e
propec] shamds ol 327 6 milkon dollars

« Comparn o Mars Obsenses (bask in 1989): 4 hilon dodars!
s Unofficially, the problem had been deiecied but due o paliics
belvween the deselopment leam and JPL, & fix was neyver
deployed
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* Mars Climate Orbiter, continued

= [he official report cited the following “conmtributing
factors" to the loss of the spacecraft
« undelecied eroes in ground-based models of the spacecraf

« the operational nesvigational team was ol fully informed an

the detais af the way thal Mars Climate Orailer was pointed
in space

« 2 final. optional engine firing 1o rase the spacecralt’'s path
refative o Mars before ils amival was considered bul nal
performed
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i Mars Climate Orbiter continued

= Contributing Factors, continued
« the sysiems engineering fundcion within the project thal is
=zupposed 1o track and double-check all inkerconnecied
aspecis of the me=ion was nol mobuest enawgh
« s was eacerhaled by e firsi-dims andoser of a Mars-

boind spsaceorall By tha leam thal consinicied amd lounched
thia walicha 1o a nete mull-mission operalons lesm (ihis & thi

"PolEcs” pari!)
« SOme communications channels amang project engineenng
groups were oo informal (e.g. not documented!)

Hosvmarien 2, ST i Univmrilty ol Colormedn, 2004 1

i Mars Climate Orbiter, continued

= Contributing Factors, continued

« the small mssion navigation team was oversubscribed and
its work did nol receive peer review by independent experis

« persannel were not framed suficently in areas such as the
relaionship between the operation of the meson and its
delxled navigational charadenstics, or the process of filing
formal anomaly reports

« the process ta verify § vaidate certsin engineenng
requirements and the technical imerfaces between some

poecl groups, and between the propect and its pnme
mEmen coniractor was nadeouabe
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iMars Chmate Orbiter, summary

= One Technical Problem
» failed conversion of units
s Many Process and Social Problems
« Mo review (e.g. venfication), insufficient training,
informal processes in place, formal processes
igrored
» Led fo a destroyed spacecraft
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i Mars Polar Lander

= Part of the same project as the Mars Climate
Cbservar

= Last comenunication with spacecraft cccurred just
prior to its entry into the Martian atmosphere

= Loss of spacecraft can be atirlbuted to the lack of
infegraton testing
« g the failure was nof defeded by "module™ tesling

« a inbegrated lest across subsysters was reguired o delect
the prablem
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i Details

= Module Test 1

» Give command to degloy spacecraft's legs
» Legs deploy
Tt Passod!

= Module Test 2

« When spacecraft defects “joit” of landing on the
surface of Mars, tum engine off

« Simulated “joit” delected, engine shuts aff
Tt Passid!
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$ Details. continued

= What actually happened

= Spacecraft enters atmosphere

« Legs deploy and “joit” the craft

» Joit” detected and engine shuts off
= The problem

= Spacecraft was still miles above the surface of
hars!
= Spacecraft crashes into Mars and = destroyed
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il‘vlars Polar Lander, summary

s Clear demonstration of the importance of
integration testing

« |f the team testing the deployment of the legs had
conducied the test while also testing the flight
software, the "bug” may have been detecied

« Unfortunately, with the “faster, better, cheapar”
philosophy of MASA, at the time, integration testing
was deemed too expensive and was nof
conducted in a comprehensive fashion
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