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2-1.1 Random Experiments 

Definition 



2-1 Sample Spaces and Events 

 
2-1.2 Sample Spaces 

Definition 
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2-1.2 Sample Spaces 

Example 2-1 
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Example 2-1 (continued)  

 



2-1 Sample Spaces and Events 

 
Example 2-2 
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Example 2-2 (continued) 
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Tree Diagrams 

• Sample spaces can also be described graphically 

with tree diagrams.  

– When a sample space can be constructed in several 

steps or stages, we can represent each of the n1 ways 

of completing the first step as a branch of a tree.  

– Each of the ways of completing the second step can be 

represented as n2 branches starting from the ends of 

the original branches, and so forth. 
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Example 2-4 

• An automobile manufacturer provides vehicles equipped with 
selected options. Each vehicle is ordered 

– With or without an automatic transmission 

– With or without air-conditioning 

– With one of three choices of a stereo system 

– With one of four exterior colors 

• If the sample space consists of the set of all possible vehicle types, 
what is the number of outcomes in the sample space? The sample 
space contains 48 outcomes. The tree diagram for the different 
types of vehicles is displayed in Fig. 2-6. 
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2-1.3 Events 

Definition 
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2-1.3 Events 

Basic Set Operations 
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2-1.3 Events 

Example 2-6 
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Definition 
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Venn Diagrams 

 

 

Figure 2-8 Venn diagrams. 
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2-2.1 Introduction 
 

Probability 

 

• Used to quantify likelihood or chance 

• Used to represent risk or uncertainty in 

engineering applications 

• Can be interpreted as our degree of belief or 

relative frequency 



Possible Values  

for Probabilities 
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Equally Likely Outcomes 
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Example 2-15 
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Figure 2-11 Probability of the event E is the sum of the 

probabilities of the outcomes in E 



2-2 Interpretations of Probability 

 
 
 

 

 

Definition 
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Example 2-16 
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2-2.2 Axioms of Probability 
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Probability of a Union 



2-3 Addition Rules 

  
 

 

 

Mutually Exclusive Events 



2-3 Addition Rules 

  
 

 

 

Three Events 



2-3 Addition Rules 

  
 

 

 



2-3 Addition Rules 

  
 

 

 

Figure 2-12 Venn diagram of four mutually exclusive events 
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Example 2-21 



2-4 Conditional Probability 

• To introduce conditional probability, consider an example 

involving manufactured parts.  

• Let D denote the event that a part is defective and let F 

denote the event that a part has a surface flaw.  

• Then, we denote the probability of D given, or assuming, 

that a part has a surface flaw as P(D|F). This notation is 

read as the conditional probability of D given F, and it is 

interpreted as the probability that a part is defective, given 

that the part has a surface flaw. 
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Figure 2-13 Conditional probabilities for parts with 

surface flaws   



2-4 Conditional Probability 

  
 

 

 

Definition 



2-5 Multiplication and Total 

Probability Rules 

 
 
 

 

 
2-5.1 Multiplication Rule 
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2-5.2 Total Probability Rule 

Figure 2-15 Partitioning 

an event into two mutually 

exclusive subsets. 

Figure 2-16 Partitioning an 

event into several mutually 

exclusive subsets. 
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2-5.2 Total Probability Rule (two events) 
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Example 2-27 
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Total Probability Rule (multiple events) 
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Definition (two events) 
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Definition (multiple events) 



 

Counting  



Key Concept 

In many probability problems, the big obstacle 

is finding the total number of outcomes, and 

this section presents several methods for 

finding such numbers without directly listing 

and counting the possibilities. 



Fundamental Counting Rule 

For a sequence of two events in which 

the first event can occur m ways and 

the second event can occur n ways, 

the events together can occur a total of 

m  n ways. 



Notation 

The factorial symbol ! denotes the product of 

decreasing positive whole numbers.   

For example,   

                                 
4! 4 3 2 1 24.    

By special definition, 0! = 1.   



   A collection of n different items can be 

arranged in order n! different ways.  

(This factorial rule reflects the fact that 

the first item may be selected in n 

different ways, the second item may be 

selected in n – 1 ways, and so on.) 

Factorial Rule 



  

Permutations Rule 
(when items are all different) 

(n - r)! 
n  r P = 

n! 

If the preceding requirements are satisfied, the number of 

permutations (or sequences) of r items selected from n 

available items (without replacement) is 

Requirements: 

1. There are n different items available.  (This rule does not 

apply if some of the items are identical to others.) 

2. We select r of the n items (without replacement). 

3. We consider rearrangements of the same items to be 

different sequences. (The permutation of ABC is different 

from CBA and is counted separately.) 



  

(n - r )! r! 
n! 

nCr  = 

Combinations Rule 

If the preceding requirements are satisfied, the number of 

combinations of r items selected from n different items is 

Requirements: 

1. There are n different items available.  

2. We select r of the n items (without replacement). 

3. We consider rearrangements of the same items to be the 

same. (The combination of ABC is the same as CBA.) 



When different orderings of the same 

items are to be counted separately, we 

have a permutation problem, but when 

different orderings are not to be counted 

separately, we have a combination 

problem. 

Permutations versus 

Combinations 


