	Name
	Year
	Reference
	Probable cause of failure

	Hubble Space Telescope
	1990
	Chapman, et al. (1992)
	Lack of total system test

	Ariane 5 missile
	1996
	Kunzig (1997)
	Incorrect reuse of software,

Faulty scaling up

	SuperConducting

SuperCollider
	1995
	Moody, et al. (1997)
	Cost overruns, Failure to maintain public support

	GE rotary compressor refrigerator
	1986
	Chapman, et al. (1992)
	Inadequate testing of new technology

	Motorola, Iridium
	1999
	
	Misjudged competition and mispredicted technology

	IBM PCjr
	1983
	Chapman, et al. (1992)
	Failure to discover customer needs

	Space Shuttle Challenger
	1986
	Feynman, Tufte (1997)
	Bureaucratic mismanagement

	War in Vietnam
	1967-72
	
	No problem statement,

Micromanagement

	Edsel automobile
	1958
	
	Failure to discover customer needs

	Titanic
	1912
	The movie Titanic
	Poor quality control

	Apollo-13
	1970
	The movie Apollo-13
	Poor configuration management

	Tacoma Narrows Bridge
	1940
	
	Scaling up an old design

	New Coke
	1988
	
	Arrogance

	A-12 airplane
	1980s
	Stevenson (2001)

Fenster (1999)
	Mismanagement

	Chernobyl Nuclear Power Plant
	1986
	
	Bad design, Bad risk management, Cost cutting

	Lewis Spacecraft
	1997
	Failure report (1998)
	Design mistakes

	Mars Climate Orbiter
	1999
	
	Use of different units

	Mars Polar Lander
	2000
	
	Failure of middle management


Other famous failures not listed above, Three Mile Island, Boophal, Grand Teaton Dam, Library at Alexandria, 
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Type of system (not the cause of failure)

Hardware: most of the above

Software: Some telephone outages, viruses, MS Outlook and MS Internet Explorer

Project: A-12, SuperCollider, Viet Nam,

System: Western Power Grid 1996, Northeast Power Grid (about 1974 and again in 2003).

Causes of failure

Most systems are robust enough to survive one or even two physical failures.

[747, Sutter, 2006]

It usually takes three failures to cause a disaster.

The mistakes on the Ariane 5 Missile were

reuse of software on a scaled-up design

inadequate testing of this reused software

allowing the accelerometer to run for 40 seconds after launch

not flagging as an error the overflow of the 32 bit horizontal velocity storage register

allowing a CPU to shutdown if the other CPU was already shutdown

On the Mars Climate Orbiter, one company used English units and the other used SI units for the thrusters

Therefore, the ground-based model was different from the space-based satellite,
due to truncation, round off and conversion factors.

Because the solar arrays were asymmetric, the thrusters had to fire often, thereby accumulating error

Therefore, the calculated orbit altitude was wrong

Therefore it entered the atmosphere and burned up 

But we don’t know for sure, because tracking data was not collected and fedback to earth

On the Titanic, there was poor quality control in the manufacture of the rivets. 

In the cold water, many of them failed.

When it hit the iceberg, whole sheets of the hull became unattached.

On Apollo 13, they changed the operating voltage on the heater’s thermostatic switcher for the oxygen tanks from 28 to 65 volts, but they did not change the voltage specification or test the switches.

Famous Failures

REQ: Requirements, Was the failure due to poor requirements?

VER: Verification, Did they build the system right?

VAL: Validation, Did they build the right system?

For most systems, there can be controversy about validation. For example, was the September 11, 2001 attack on the World Trade Towers a success or a failure? It depends on who you ask.

	Name
	Year
	REQ
	VER
	VAL

	Hubble Space Telescope
	1990
	
	
	

	Ariane 5 missile
	1996
	
	
	

	SuperConducting SuperCollider
	1995
	
	
	

	GE rotary compressor refrigerator
	1986
	
	
	

	Motorola, Iridium
	1999
	
	
	

	IBM PCjr
	1983
	
	
	

	Space Shuttle Challenger
	1986
	
	
	

	War in Vietnam
	1967-72
	
	
	

	Edsel automobile
	1958
	
	
	

	Titanic
	1912
	
	
	

	Apollo-13
	1970
	
	
	

	Tacoma Narrows Bridge
	1940
	
	
	

	New Coke
	1988
	
	
	

	A-12 airplane
	1980s
	
	
	

	Chernobyl Nuclear Power Plant
	1986
	
	
	

	Lewis Spacecraft
	1997
	
	
	

	Mars Climate Orbiter
	1999
	
	
	

	Mars Polar Lander
	2000
	
	
	


	Name
	Year
	REQ
	VER
	VAL

	Hubble Space Telescope
	1990
	No
	No
	Yes

	Ariane 5 missile
	1996
	No
	No
	Yes

	SuperConducting SuperCollider
	1995
	No
	NB
	No

	GE rotary compressor refrigerator
	1986
	No
	No
	Yes

	Motorola, Iridium
	1999
	No
	Yes
	No

	IBM PCjr
	1983
	Yes
	Yes
	No

	Space Shuttle Challenger
	1986
	No
	No
	No

	War in Vietnam
	1967-72
	Yes
	No
	No

	Edsel automobile
	1958
	Yes
	Yes
	No

	Titanic
	1912
	No
	No
	Yes

	Apollo-13
	1970
	No
	No
	Yes

	Tacoma Narrows Bridge
	1940
	No
	No
	Yes

	New Coke
	1988
	Yes
	Yes
	No

	A-12 airplane
	1980s
	No
	NB
	No

	Chernobyl Nuclear Power Plant
	1986
	No
	Yes
	No

	Lewis Spacecraft
	1997
	No
	No
	Yes

	Mars Climate Orbiter
	1999
	No
	No
	Yes

	Mars Polar Lander
	2000
	No
	No
	Yes


NB means Not Built

Validation comments 

Motorola, Iridium, There was a need and they built a good system. But it was analog and digital technology subsequently proved to be far superior.

Space Shuttle Challenger, I do not think that putting school teachers in space profits the US taxpayer.

Chernobyl Nuclear Power Plant, It was built according to the design, but it was a bad design

Bahill’s generalization

In most failures there were advance indicators.

But stonewalling, finger-pointing, reorganization, arrogance, fear, etc.

Caused the failure to be not predicted.

Titanic

The original design for the RMS Titanic called for 64 lifeboats, but this was reduced to 20 before its maiden voyage: this might have been a mistake. The Chief Designer wanted 64 lifeboats. But the Program Manager reduced it to 20 after his advisors told him only 16 were required by law. The Chief Designer resigned over this decision. The British Board of Trade regulations of 1894 specified the lifeboat capacity for ships over 10,000 tons. This lifeboat capacity was specified by volume (5,500 cubic feet), which could be converted into passenger seats (about 1000) or the number of lifeboats (about 16). So, even though the Titanic displaced 46,000 tons and was certified to carry 3,500 passengers, its 20 lifeboats complied with the regulations of the time. But let us go back to the design decision to reduce the number of lifeboats from 64 to 20. What if they had performed the following probable tradeoff study? In this table, the weights of importance range from 0 to 10, with 10 being the most important and the input values (scores) also range from 0 to 10, with 10 being the best. For simplicity we have not used scoring functions, so the input values are also the scores.
	An Apocryphal Tradeoff Study for the RMS Titanic

	
	Weights of importance
	Alternatives and their input values

	Criteria
	Program Manager’s Weights
	Chief Designer’s Weights
	10 lifeboats
	20 lifeboats
	30 lifeboats
	64 lifeboats

	Will it satisfy the Board of Trade regulations? (yes, no)
	10
	10
	0
	10
	10
	10

	Amount of deck space required for the lifeboats (ft2)
	2
	2
	10
	8
	4
	2

	Possible perception that the ship is unsafe caused by the presence of a large number of lifeboats
	6
	2
	10
	8
	4
	2

	Cost to purchase, install, maintain, launch and operate the lifeboats (£)
	9
	4
	10
	8
	4
	2

	Percent of passengers and crew that could be accommodated in lifeboats, if all lifeboats were launched full of people.
	1
	10
	2
	4
	6
	10

	Final scores produced by summating the Program Manager’s weights times scores
	
	
	172
	240
	174
	144

	Final scores produced by summating the Chief Designer’s weights times scores
	
	
	100
	204
	192
	216


The differences in magnitudes of the Program Manager’s and the Chief Designer’s final scores are not important. What is important is that they have different preferred alternatives, which is the result of their different weights of importance.
The Program Manager might have had overconfidence in subjective choice. If he had done this tradeoff study, might the Program Manager have rethought his decision to use only 20 lifeboats?
Many bad decisions can be attributed to the decision maker’s sense of invincibility. In 1912, the White Star line said that the Titanic was “unsinkable.” If the Program Manager did not believe this, would he have authorized more lifeboats?

If the Program Manager understood the Forer effect (that an analyst might fail to question or re-write criteria that originated from a perceived authority), might he have reassessed the Board of Trade’s requirement for a minimum of 16 lifeboats?
The Program Manager and the Chief Designer did not do a tradeoff study. They merely discussed the 20 and 64 lifeboat alternatives. If they had understood distinctiveness by the addition of alternatives and had done this tradeoff study, with the addition of the 10 and 30-lifeboat alternatives, is it likely that the Program Manager would have chosen a different alternative?
A sensitivity analysis shows that the most important parameter is XXX. Therefore the Program Manager should have spent more time assessing the magnitude and reliability of this parameter’s value.
Invincibility
Many bad decisions can be attributed to the decision maker’s sense of invincibility.

Teen age boys are notorious for thinking 
I won’t get caught;
I can’t get hurt;
I will avoid car accidents;
I won’t cause an unwanted pregnancy;
I won’t get sexually transmitted disease;
and that, They can’t do that to me.

Many other people think 
Nobody is going to steal my identity;
I’ll be able to quit any time I want to;
I don’t need sun screen, I won’t get skin cancer;
I don’t have to back up my hard drive, my computer won’t crash.
The Spanish Armada was thought to be invincible in 1588.
The Japanese thought they were invincible at Pearl Harbor in 1941.

The German army thought it was invincible as it stormed across Europe in WW II.

And of course in 1912, the White Star line said that the Titanic was “unsinkable.”

The invincibility bias will affect the risk analysis and therefore the problem statement of a tradeoff study.

Bahill
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