Probability/Statistics Notes on 3.4
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Basic Counting Principle

· You multiply the chances of getting the separate outcomes to find the total number of possibilities
· a way to represent the possible outcomes using branches and nodes

· The example to the right asks, “How many different types of notebooks are available?”

· Each notebook can be spiraled, perforated, or tablet

· Each notebook can be red, blue, yellow, or green

· 3 styles x 4 colors = 12 options

Permutations

Now let's suppose we have 10 letters and want to make groupings of 4 letters. It's harder to list all those permutations. To find the number of four-letter permutations that we can make from 10 letters without repeated letters (
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), we'd like to have a formula because there are 5040 such permutations and we don't want to write them all out!


For four-letter permutations, there are 10 possibilities for the first letter, 9 for the second, 8 for the third, and 7 for the last letter. We can find the total number of different four-letter permutations by multiplying 10 x 9 x 8 x 7 = 5040. This is part of a factorial (see note). 


To arrive at 10 x 9 x 8 x 7, we need to divide 10 factorial (10 because there are ten objects) by (10-4) factorial (subtracting from the total number of objects from which we're choosing the number of objects in each permutation). You can see below that we can divide the numerator by 6 x 5 x 4 x 3 x 2 x 1: 
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Distinguishable Permutations

Similar to the permutations, we have 10 letters, but some repeat.  Suppose we have 3 Es, 2 Ms, 4 Ts, and 1 R.  How many distinguishable ways can we order those 10 letters?
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Combinations

Since we already know that 10_P_4 = 5040, we can use this information to find 10_C_4. Let's think about how we got that answer of 5040. We found all the possible combinations of 4 that can be taken from 10 (
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). Then we found all the ways that four letters in those groups of size 4 can be arranged: 4 x 3 x 2 x 1 = 4! = 24. Thus the total number of permutations of size 4 taken from a set of size 10 is equal to 4! times the total number of combinations of size 4 taken from a set of size 10: 
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= 4! x 10_C_4. 


When we divide both sides of this equation by 4! we see that the total number of combinations of size 4 taken from a set of size 10 is equal to the number of permutations of size 4 taken from a set of size 10 divided by 4!. This makes it possible to write a formula for finding 10_C_4: 
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