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Agenda

@ Course Questions
o Start Chapter 2 lecture
@ Single Event Practice Problems due 1/29/2024
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Handouts

@ Lecture 3 Slides
@ Lecture 3 Marked Slides
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Chapter 2

Our goal is to understand, quantify, and model the type of variations
we encounter. When we incorporate the variation into our thinking
and analyses, we can make the informed judgments from our results
that are not invalidated by the variation.
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Fundamental Definitions

Random experiment

is an experiment that can result in different outcomes, even though
it is repeated in the same manner

Sample Space Q
o

g
is th@f possible outcomes of a random experiment 0« Q
Event a)z‘,..,aog

is a subset of the sample space of a random experiment

< JO sided
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Examples of Random Experiments, Sample Space, Events

@ Consider the bead bowl

e Consider the Texas Lottery’s Pick Three game (I am not encouraging
gambling)
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Labwet Extmati Jackpets.
$42 Million for 0120104

$55 Miflion s 0172104
$ 400,000

¢ 0120004

Got 3 Question? | Jobs | Legal Noticas | Abost Us | Contact Us | Sitemap

Phay Pick 3 Twice A Dayt Fick J is a twice dolly game offering 4 50-cent
phay, twelve drawings 3 week (shx Day and six Nught drawings) and 3 top
prize of $500 (on  $1 play.)

oo
I1s wasy 10 play. Just pick three mumers from “0° to *5", chouse how you et
want 13 play therm, the rumber of drawings you want 10 piay and the tire
tay you want to play. Aick 3 drawings are held twice daily a8 12:27 p.m.
#nd 10:12 p.m. Central Time. Pick 3, 2 Times A Day, 2 Times The Fun! —

How to Play

ck) box

First, pick three numbers from "07 to *9° or mark the QP (Quick P

and your numbers will be randamly sebected foe you.

Second, select how you want to play your three numbers (Exact Order, Any
Qrder, Exact/Any Order, Combo)

If You Play For And Numbers You Win
Drawn Are
exnct
Order $.50 4250
$1.00 sis $500
Any Order
2 like
rumbers 665 oA s 566 656 o0
Odds !
1333
Any Order

bt O 5.50 615 516 40 /
i $1.00 s61 165 156 80 p/‘ - //o

=

Exact/ $2504$80-5330
o {-nd $.50 Exact Ordee BIEaa ey e
mimbars 797 S0A0EORer gy G5 g s 157 dreen
Odds E Any cedar
1:333 80
Exact/ 654 Exact  $250+4$40-$2
Any Order 4.50 Exact Order Criar Pays otk
Idifferent654  $.50 Ay Order 6%
e s1.00 56
Odds Any oriwe

1 e
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Tree Diagrams

execd  ordec /5‘/(0

@ Tree diagrams are a useful tool for understanding sampl
events. Apply to Pick Three game.

w Lo W

/3+ Q) Fow

CU)/UJ - q//@) L, UJ (Z-JL— }

FulN, - N “”K / \
J\0 af/m \Q

i

W - Ly ) W

Dk e
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Probability
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Probability

>{IMAQ U\/U“\Q@f No |
@ The probability of an event is the likelihood that it occurO /Z_e,/\%

@ Probability is expressed as a number between 0 and 1

@ Probability of an event can be found by dividing the number of
outcomes of the desired events divided by the total number of
outcomes in the sample space (if all events are equally likely)
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Counting Techniques 7\ - /n b[\ /
| Losh@ g “ Jr
@ Consider ordered versus unordered subsets é ' _ /

@ Ordered subsets Permutatlons

ovder 15 “‘PM"‘J_

Pr ~(n— r)'
@ sUnordered subsets (Combinations)
( O yelor r /\04_ M/Q }|
Conie ) ( ,'\ < Nos€
ch v
@ Good idea to do a calculator check
3 3!

2 /5a)l #4. /.f -

2
3!
<§> T osires) T /
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Axioms (Rules) of Probability

Probability is a number that is assigned to each member of a collection of
events from a random experiment that satisfies the following properties:

If S is the sample space and E is any event in a random experiment,
Q@ P(S)=1
@ 0< P(E)<1 5 T

rm')?rtep"’[mds El >

© For two events E; and E, with £, N E, = 0 o 2@ ‘: ﬁ?
S

P(E1UE) = P(E)+ P(E)

@ Consider problem 2-70 R [ or)\gg—;op

Unjon U)'C

S Eof

\

12/22
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Practice Problems - Single Event

oM@/)m@/w% GTC an evet
A U\?Q///Vlej e %
DAY = /- FA)
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A Word of Warning

It usually looks very easy when | work a problem

| have been using statistics for almost 40 years

This is something you MUST practice

Rework class room exam pI s and te okl example
7 Q) @kb)fbw/i

ese bty S,\@UZQ %J
ce Pehlowd
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Probability of Multiple Events

Intersection:

P (AN B) is “the probability of A and B occurring

Union:

P (AU B) is “the probability of A or B (or both)"

Complement:

P (A') is “the probability of not A"
@ Venn diagrams are a very useful tool for understanding multiple events
and calculating probabilities

1 15/22
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Addition Rules

@ Used to calculate the union of two events

P(AUB) = P(A)+ P(B) — P(AN B)

e If two events are mutually exclusive (AN B = ()

P(AU B) = P(A) + P(B)

@ Consider problems 2-82 and 2-85
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Addition Rule for 3 or More Events

@ For three events

P(AUBUC) = P(A) + P(B) + P(C)
—P(ANB)—P(ANC)—-P(BNC)
+P(ANBNC)

e For a set of events to mutually exclusive all pairs of variables must
satisfy Ey N Ey = )

@ For a collection of mutually exclusive events,

P(EEUEU...UE) = P(E1) + P(E2) + -+ - + P(Ex)
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Conditional Probability

e Hayter (2002) states that “For experiments with two or more events of
interest, attention is often directed not only at the probabilities of
individual events but also at the probability of an event occurring
conditional on the knowledge that another event has occurred.”

@ The conditional probability of an event B given an event A, denoted

P(B|A) is
P(AN B)
P(B|A) = TRA)
for P(A) >0
e Consider problems 2-99
| 18/2
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RS
Multiplication Rules

@ This rule provides another method for calculating P(AN B)
P(ANnB) = P(A|B)P(B) = P(B|A)P(A)
@ This leads to the total probability rule

P(B) = P(BNA)+P(BNA)
= P(B|A)P(A) + P(B|A)P(A)

@ Consider problems from 3rd edition (next slide) and 2-129

= 19/2
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Example Problem 2-76

’-76. Samples of laboratory glass are in small, light pack-
aging or heavy, large packaging. Suppose that 2 and 1% of
the sample shipped in small and large packages, respec-
tively, break during transit. If 60% of the samples are
shipped in large packages and 40% are shipped in small
packages, what proportion of samples break during
shipment?

Figure 3: problem 2-76

—S 20/22
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Independent Events

@ Two events are independent if any one of the following is true:
@ P(A|B) = P(A)
@ P(B|A) = P(B)
© P(ANB)=P(A)P(B)

o Consider problem 2-146
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Reliability Analysis

e Reliability is the application of statistics and probability to determine
the probability that a system will be working properly

@ Components can be arranged in series. All components must work for
the system to work.

P(system works) = P(A works)P(B works)

@ Components can be arranged in parallel. As long as one component
works, the system works.

P(system works) =1 — (1 — P(A works)) x 1 — P(B works))
o Consider problem 2-157
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Non-independent event
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