Unbeatable Dice
The Problem :
The six faces on four non-standard dice A, B, C, D carry the following numbers of pips:

A: 3, 3, 3, 3, 3, 3

B: 4, 4, 4, 4, 0, 0

C: 5, 5, 5, 1, 1, 1

D: 6, 6, 2, 2, 2, 2

Two players each choose one die, and throw to see who gains the higher score.

If player 1 chooses A and then player 2 chooses B, what is the probability that player 2 wins?

Show that, if player 2 chooses a die after player 1, then player 2 can always be sure of the same probability of winning.
Solution :
B beats A if B shows a 4, which happens with probability 4 / 6  =  2 / 3  

C beats B if either C shows a 5, or else C shows a 1 and B shows a 0. The probability of this is 1 / 2  + ( 1 / 2 )( 1 / 3 )  =  2 / 3 , again.

D beats C if either D shows a 6, or else D shows a 2 and C shows a 1. This happens with probability 1 / 3  +  ( 2 / 3 )( 1 / 2 )  =  2 / 3 , again.

A beats D if D shows a 2, which happens with probability 2 / 3 , yet again.

This problem nicely illustrates that probability of winning is not transitive: if D is likely to beat C, and C is likely to beat B, and B is likely to beat A, then it does not follow that D is likely to beat A.

It also gives a nice way to earn money in a pub ...

