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Understanding Probabilities

• Relative frequencies work well for dice and coin flips
• For more complicated events, this is problematic

• Probability Clinton will win white house in 2008? 
– This event only happens once

– We can’t count frequencies
– Still seems like a meaningful question

• In general, all events are unique

• “Reference Class” problem

Frequentism and Subjectivism

• Frequentists hold that probabilities must come 
from relative frequencies

• This is a purist viewpoint 

• This is corrupted by the fact that relative 
frequencies are often unobtainable

• Often requires complicated and convoluted 
assumptions to come up with probabilities

• Subjectivists: probabilities are degrees of belief 
– Taints purity of probabilities

– Often more practical
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Joint Distributions

• A joint distribution is an assignment of 
probabilities to every possible atomic event

• We can define all other probabilities in terms 
of the joint probabilities:
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Why Probabilities Are Messy

• Probabilities are not truth-functional

• To compute P(a and b), need joint distribution
– sum out all of the other events from distribution

– In general, it is not a function of P(a) and P(b)
– In general, it is not a function of P(a) and P(b)

– In general, it is not a function of P(a) and P(b)

– This fact led to many approximations methods such as 
certainty factors and fuzzy logic (Why?)
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Kolmogorov’s axioms of probability

• 0<=P(a)<=1

• P(true) = 1; P(false)=0

• P(a or b) = P(a) + P(b) – P(a and b)
– Subtract to correct for double counting

• This is sufficient to specify probability theory 
for discrete variables

• Continuous variables need density functions
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Conditional Probabilities

• Ordinary probabilities = unconditional or prior probabilities

• P(a|b) = probability of a given that we know only b

• If we know c and d, we can’t use P(a|b) directly 
(annoying, but important detail!)

• P(a|a)=1
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Conditioning for discrete events

• Suppose we know P(ABCDE)

• Observe B=b, update our beliefs:
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Condition with Bayes’s Rule
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