Section 7-4  Permutations and Combinations
Permutations and combinations are special types of counting problems. In both cases, we are counting the number of ways a given number of items can be selected from a pool of items. In general, the pool contains n distinct items and we are choosing r of those items where r can range from 0 (we don’t choose any of the items) to n (we choose all of them). Because we are removing items as we select them, the operations are dependent.
If the order in which the items are selected is important then the problem is a permutation problem. A permutation of n items taken r at a time is a specific arrangement of r items taken from a pool of n items. There are several ways in which mathematicians indicate the number of permutations of n things taken r at a time (our text uses Pn,r):
P(n,r) or nPr or nPr or Pn,r = 
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If the order in which the items are selected is irrelevant then the problem is a combination problem. A combination of n items taken r at a time is a set of r items taken from a pool of n items. There are several ways in which mathematicians indicate the number of combinations of n things taken r at a time (our text uses Cn,r):

C(n,r) or nCr or nCr or Cn,r = 
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While there is a special formula for the number of permutations and another formula for the number of cominations, both types of problems can be solved using just the fundamental counting principle (the multiplication principle) and it is far better to learn this principle than to try and memorize the formulas.
Example 1.  In how many ways can I arrange 3 books on a shelf if there are 5 books from which to choose?
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Example 2.  In how many ways can I select a set of 3 books from a box containing 5 books?
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The denominator represents the duplication factor. Each set of 3 books can be listed (or selected) in 6 different ways:
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Consequently, when we count permutations (arrangements), each set of books is listed 6 different times. We need to divide by 6 to remove this duplication.

Example 3.  There are 12 horses in a race in which a first, second, and third prize will be awarded. The first prize is $20,000, the second prize is $8,000, and the third prize is $2,000. Assuming that there are no ties, how many different outcomes are possible.
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Example 4.  A charitable organization is holding a raffle in which three lucky winners will each receive a wide-screen television worth $1,500. If 300 tickets were sold, in how many substantially different ways can the three winners be selected?
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Example 5.  In how many different ways could a random sample of 100 Asbury students be selected assuming that there are 1,300 students at the college?
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Example 6.  A club has 20 members. In how many different ways can they choose a slate of four officers: president, vice-president, secretary, and treasurer?
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Example 7.  A club has 20 members. In how many different ways can they choose a committee of four members?
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Example 8.  In how many different looking ways can you arrange the letters in the word “TEAM”?
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 (see tree diagram)
Example 9. In how many different ways can the nine-member Supreme Court reach a six to three decision?

In how many ways can you form a majority of 6:
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Or, in how many ways can you form a minority of 3:
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Example 10. In a batch of 100 flash drives, there are 7 defective units. A random sample of 3 flash drives is selected and tested. How many possible samples are there? How many possible samples are there with no defective units? How many samples are there with at least one defective unit?
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At least one defective unit means one, two or three defective flash drives.

One defective unit: 
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Two defective units: 
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Three defective units: 
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At least one defective unit: 29,946 + 1,953 + 35 = 31,934 samples.
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