
Lecture 12, Feb 22, 2011, Counting, permutations, combinations

The basic counting principles: product rule and sum rule.
Suppose that a procedure can be broken down into a sequence of two

tasks. If there are n1 ways to do the first task and for each of these ways of
doing the first task, there are n2 ways to do the second task, then there are
n1n2 ways to do the procedure.

If a task can be done either in one of n1 ways or in one of n2 ways, where
none of the set of n1 ways is the same as any of the set of n2 ways, then
there are n1 + n2 ways to do the task.

Example 1. How many different bit strings of length seven are there?

Example 2. If |S| = n, show that |P (S)| = 2n.

Example 3. A student can choose a computer project from one of the three
lists. The three lists contain 23, 15, and 19 possible projects, respectively.
No project is on more than one list. How many possible projects are there
to choose from?

Example 4. Each user on a computer system has a password, which is six
to eight characters long, where each character is an uppercase letter or a
digit. Each password must contain at least one digit. How many possible
passwords are there?

Example 5. How many bit strings of length eight either start with a 1 bit
or end with the two bits 00?

Example 6. Let A be a set with m elements and B be a set with n elements.

(1) How many functions are there from set A to set B?
(2) How many one-to-one functions are there from set A to set B?
(3) How many ways to select m elements from set B so that we can

construct a one-to-one function from set A to set B?

A permutation of a set of distinct objects is an ordered arrangement of
these objects. An unordered selection is called combination. We introduce
notation P (n, r) to denote the number of r-permutations of a set with n
elements, and notation C(n, r) to denote the number of r-combination of a
set with n elements.

(1) P (n, r) = C(n, r)P (r, r).
(2) P (n, r) = n · (n− 1) · (n− 2) · · · (n− r + 1)
(3) C(n, r) = C(n, n− r).
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