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3-1: Overview
Definitions
· Rare event rule: if, under a given assumption, the probability of a particular observed event is extremely small, we conclude that the assumption is probably not correct

3-2: Fundamentals
· Event: any collection of results or outcomes of a procedure
· Simple event: an outcome or an event that cannot be further broken down into simpler components
· Sample space: for any procedure, it consists of all possible simple events. That is, the sample space consists of all outcomes that cannot be broken down any further
· Rule 1- Relative frequency approximation of probability: conduct (or observe) a procedure, and count the number of times that event A actually occurs. Based on these actual results: 
P(A)= ___number of times A occurred___
           Number of times trial was repeated
· Rule 2- Classical approach to probability (requires equally likely outcomes): assume that a given procedure has n different simple events and that each of those simple events has an equal chance of occurring. If event A can occur in s of these n ways, then: P(A) = 
· Rule 3- Subjective probabilities: P(A), the probability of event A, is estimated by using knowledge of the relevant circumstances
· Law of large numbers: as a procedure is repeated again and again, the relative frequency probability (from Rule 1) of an event tends to approach the actual probability
· Complement: consists of all outcomes in which event A does not occur; denoted by Ᾱ
· Rounding off probabilities: when expressing the value of a probability, either give the exact faction or decimal or round off final decimal results to three significant figures 

3-3: Addition Rule
· Compound event: any event combining two or more simple events
· Notation for addition rule: P(A or B)= P(in a single trial, event A occurs or event B occurs, or they both occur)
· When finding the probability that event A occurs or event B occurs, fine the total of the number of ways A can occur and the number of ways B can occur, but find that total in such a way that no outcome is counted more than once
· Formal addition rule: P(A or B)= P(A) + P(B) – P(A and B) where P(A and B) denotes the probability that A and B both occur at the same time as an outcome in a trial of a procedure
· Intuitive addition rule: to find P(A or B), find the sum of the number of ways event A can occur and the number of ways event B can occur, adding in such a way that very outcome is counted only once. 
P(A or B) is equal to that sum, divided by the total number of outcomes in the sample space. 
· Mutually exclusive (disjoint) events: when two events cannot occur at the same time
· Rule of complementary events: P(A) + P(Ᾱ) = 1

3-4: Multiplication Rule: Basics
· Notation: P(A and B) = P(event A occurs in a first trial and event B occurs in a second trial)
· Tree diagram: a picture of the possible outcomes of a procedure
· Notation for conditional probability: P(B|A) represents the probability of event B occurring after it is assumed that event A has already occurred. 
· Independent events: when the occurrence of one event does not affect the probability of the occurrence of the other. Several events are similarly independent if the occurrence of any does not affect the probabilities of the occurrence of the others
· Dependent events: if two events are not independent
· Formal multiplication rule: P(A and B)= P(A) x P(B|A)
· Intuitive multiplication rule: when finding the probability that event  occurs in one trial and event B occurs in the next trial, multiply the probability of event A by the probability of event B, but be sure that the probability of event B takes into account the previous occurrence of event A
· It is a common practice to treat events as independent when small samples are drawn from large populations, and in such cases it is rare to select the same item twice
· If a sample size is no more than 5% of the size of the population, treat the selections as being independent (even if the selections are made without replacement, so they are technically dependent)

3-5: Multiplication Rule: Beyond the Basics
· “At least one” is equivalent to “one or more”
· The complement of getting at least one item of a particular type is that you get no items of that type
· To find the probability of at least one of something, calculate the probability of none, then subtract that result from 1: P(at least one) = 1- P(none)
· Conditional probability: a probability obtained with the additional information that some other event has already occurred. 
· P(B|A) denotes the conditional probability of the event B occurring, given that event A has already occurred, and it can be found by dividing the probability of events A and B both occurring by the probability of event A:  P(B|A)= P(A and B)
P(A)
· Intuitive approach to conditional probability: the conditional probability of B given A can be found by assuming that event A has occurred and, working under that assumption, calculating the probability that event B will occur.

3-8: Counting
· 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 x n ways
· Factorial symbol (!): denotes the product of decreasing positive whole numbers (ie. 4!= 4x3x2x1 =24). By special definition, 0!=1.
· Factorial rule: 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 n different ways, the second item may be selected n-1 ways, and so on. 
· Permutations rule (when items are all different): the number of permutations (or sequences) of r items selected from n available items (without replacement) is: 
· This rule requires the following assumptions:		
· We must have a total of n different items available (this doesn’t apply if some of the items are identical to others) 
· We must select r of the n items (without replacement)
· We must consider arrangements of the same items to be different sequences
· Permutations rule (when some items are identical to others): if there are n items with n1 alike, n2 alike,.., nk alike, the number of permutations of all n items is: 
· When there are only two categories, we can stipulate that x of the items are alike and the other n-x items are alike, so the permutations formula simplifies to: 
· When we intend to select r items from n different items but do not take order into account, we are really concerned with possible combinations rather than permutations.
· When different orderings of the same items are counted separately, we have a permuation problem, but when different orderings of the same items are not counted separately, we have a combination rule
· Combinations rule: the number of combinations of r items selected from n different items is: 
· In applying the combinations rule, the following conditions apply:
· We must have a total of n different items available
· We must select r of the n items (without replacement)
· [bookmark: _GoBack]We must consider rearrangements of the same items to be the same (ie. the combination of ABC is the same as CBA)
