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8.1 The Multiplication Principle; Permutations
8-1.3

8.1 The Multiplication Principle; Permutations
Section Objectives:

· You shall be capable of computing a factorial. [Problems 1 – 4]

· You shall be capable of computing a permutation. (EXAMPLE 6) [Problems 5 – 8]

· You shall be capable of solving problems involving permutations. (EXAMPLE 6, 7) [Problems 13 – 24]

· You shall be capable of solving application problems involving permutations. (EXAMPLE 6, 7) [Problems 28 – 53]

· You shall be able to define and give examples for the following mathematical terminology: 
Definitions and Terminology

· multiplication principle (pg. 380) DEFINITION – The multiplication principle is a basic counting principle used to count the total number of ways things can happen when multiple choices are to be made.
· factorial notation (pg. 381) DEFINITION – The number n!, read as n factorial, is a permutation of n objects slotted into n different positions or choices.  The mathematical notational to express a permutation of n objects slotted into n different positions is P(n, n).
· permutation (pg. 381) DEFINITION – A permutation of r (where r ( 1)elements from a set of n elements is any specific ordering or arrangement, without repetition, of the r elements.  Each arrangement of the r elements is a different permutation.  The number of permutations of n things taken r at a time (with r ( n) is written as P(n, r).
· distinguishable permutations (pg. 385) DEFINITION – A distinguishable permutation is problem where one or more of the n objects are identical.
Mathematical Notation or Symbols

	Symbol
	Section
	Meaning

	!
	8.1
	Exclamation mark, meaning take the factorial of what follows.

	P(n, r)
	8.1
	The permutation of r objects taken from n objects.  Another notation is nPr.

	A, B, ...
	7.1
	Sets are named with capital letters of the alphabet.



Concepts, Facts, Theorems

	Multiplication Principle
Suppose n choices must be made, with




m1 ways to make choice 1,

and for each of these ways,




m2 ways to make choice 2,

and so on, with




mn ways to make choice n.

Then there are



m1 ( m1 ( … ( mn 

different ways to make the entire sequence of choices.


	How to Recognize a Problem using the Multiplication Principle
Multiplication Principle problems involve:

· Multiple tasks to count, or multiple slots to fill in.

· If there are multiple sets, each task to count comes from a different set of objects.

· If there is a single set, then each object selected can be repeated for each task.




	Factorial Notation
For any natural number n, 




n! = n(n ( 1)(n ( 2) ( … ( (3)(2)(1).

Also


0! = 1 and 1! = 1


Examples: 0! = 1; 1! = 1; 2! = (2)(1) = 2; 3! = (3)(2)(1) = 6; 4! = (4)(3)(2)(1) = 24  

	Permutations
If P(n, r) (where r ( n) is the number of permutations of n elements taken r at a time, then
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Show how to compute: P(8, 3) on the Casio Calculator
	How to Recognize a Standard Permutation
Permutations solve problems involving:

· Problems where the ORDER in which objects are listed matters!

· As each slot is filled, the number of objects to fill in the next slot is decreased by 1.

· If selecting objects from a list, the selection is performed without replacement.

· Different orderings or arrangements of a list of objects

· You may be finding different arrangements of all or part of the list of objects.

· Objects may include names of people, objects, political/organizational positions, letters, numbers, and so on.

· Clue Words: arrange, arrangement, ordered arrangement, schedule, order, ordered, order does not matter, different types, different [object], distinguishable objects


	Distinguishable Permutations
If the n objects in a permutation are not all distinguishable – that is, if there are n1 of type 1, n2 of type 2, and so on for k different types, then the number of distinguishable permutations is 
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where n1 ( n2 ( … ( nk ( n.  


	How to Recognize a Distinguishable Permutation
Distinguishable Permutations solve problems involving:

· A special type of Permutation problem.  Hence, all of the information given above for How to Recognize a Standard Permutation applies to Distinguishable Permutations

Additional things to look for in a Distinguishable Permutation Problem:

· There are duplications of one or more of the objects in the arrangement.

· Duplicate objects are usually letters or numbers
· Clue Words: distinguishable permutation, distinguishable ways,  indistinguishable objects, different “words” (where there is at least one repeated letter)



	“And” versus “Or” when making Choices
· When making choice 1 and choice 2 and choice 3, … we multiply the number of ways for each of the choices to determine the total number of ways.

· When making choice 1 or choice 2 or choice 3, … we add the number of ways for each of the choices to determine the total number of ways.


_1133694415.unknown

_1134980600.unknown

