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The subtraction rule: If a task can be done in either n; ways or ng
ways, then the number of ways to do the task is n1 + n9 minus the
number of ways to do the task that are common to the two
different ways.

Example: How many two-character passwords are there that are
made up of upper and lower case letters and numbers, but where
at least one of the characters is a number?

Answer: There are 10 % 62 passwords where the first character is a
number (prod), 62 * 10 passwords where the second character is a
number (prod), and 10 = 10 passwords where both characters are
numbers (prod). So there are

1062 +62% 10— 10=* 10

valid passwords in total (sub). //
In set theory language, we call this the inclusion-exclusion principle:

’Al U AQ‘ = ’A1| + |A2| — |A1 N Ag’

Sometimes we say we “double counted”, and have to fix it.
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The division rule: There are n/d ways to do a task if it can be
done using a procedure that can be carried out in n ways, but for
each way w, d of the ways have the same outcome w.

Example: How many ways can you choose a committee of 3 from
10 people?
Answer: Using the product rule, we can choose the people in
10 = 9 = 8 ways if we choose them one at a time in order
(n =10%9 = 8). But for each committee

{member 4, memberp, memberc},
there are 3 % 2 % 1 ways to get that committee in this way:

any 3 of them could have been chosen first,
then any 2 of the remaining second,
and whoever is left last.

(So d = 31.) Answer: | (10 %9 + 8)/(3)) |

You try: In-class exercise 20.



