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1. mean = median = mode = highest point
2. symmetric about mean A
3. standard deviation determines width of curve
larger & = wide, flat curves
smaller & = thin, tall curves
4. probability = area under the curve
total area = 1
p(a < x <b) = area under curve between a and b
5. infinite # of points so p(x = a) is almost zero
p(as<x<b)=pa<x<b)

Empirical Rule

168 = 68.26% of data (area under curve)
20 = 95.44% of data
36 = 99.72% of data

- although this normal curve can have many shapes, the
empirical rule works for all




[image: image2.png]Problem Name: Cullen Auto Store
Application: Normal Probability Distribution

Problem Description: The Cullen Auto Store stocks a popular multi-
grade oil. Whenever the stock on hand drops to 20 gallons, a
replenishment order is placed; the time until the new order arrives is
called the leadtime.

Andy Cullen, the store owner, is concerned that sales are being lost
because of stockouts while waiting for an order. One of Mr. Cullen’s
employees has determined that the average demand during leadtime is y =
15 gallons and the standard deviation of demand during leadtime is 6
gallons. The employee has also found the normal probability distribution
to be a good approximation to the probability distribution of demand
during leadtime.
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[image: image3.png]‘ The 'probability density function for the demand during leadtime of the
multigrade oil is given by:

= - (x- 15)2/ 2(6)
fx) = 64— e

The graph of this
probability density function is shown below.
. fix) c=6
. X
15
Demand During Leadtime
(Gallons of Oil)

Note: Since the normal random variable is continuous we must compute

areas under the curve, f(x), to determine probabilities.
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[image: image4.png]Standard Normal Probability Distribution
A normal distribution with a mean of u = 0 and a standard deviation of .

c=1.

0
Standard Normal Distribution

Tables are available for finding areas under the shaded normal curve.
Example:
Area between 0 and 1 on standard normal distribution.

P(o <x< 1.0)= 0.3413

0 1

From Table 1 in Appendix B the probability is seen to be 0.3413
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[image: image5.png]The z Value

Suppose x is a normally distributed random variable. Since it is not
possible to have a table for every possible normal curve, we use the
standard normal probabilities in every case.

Let

Comment 1: z is a standard normal random variable with a mean of 0
and a standard deviation of 1.

Comment 2: We can think of z as a measure of the number of standard
deviations x is from L.

Comment 3: To compute areas under the normal curve for a particular

value of x, first convert x to z then use the tables for the standard normal
random variable z to find the appropriate probability.
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[image: image6.png]Cullen Wants Stockout Probability No More Than .05
. What should the reorder point be? First find a z value that cuts off an
area of .05 in the upper tail (see below).

T s e

Area = 0.05
' . z
: 0 Z0s
; Let z ,, represent the z value cutting an area of .05 in the upper tail.
j ‘ From the table we find
Z o5 = 1.645

The corresponding value of x is given by

X=U+2z,.0

05
=15 + 1.645(6)
= 24.87

A reorder point of 24.87 gallons will place the probability of a stockout
during leadtime at .05. Perhaps Andy Cullen will set his reorder level at
25 gallons to keep the probability under .05.

I ~Transparency 6.9




[image: image7.png]Probability of a Stockout—Cullen Auto Store

A stockout occurs when demand during leadtime is greater than 20
gallons.

Area = 0.2967

Shaded area
= (0.5000 - 0.2967
= 0.2033

0 0.83
Standard Normal Curve
Probability of a Stockout = 0.2033

_X-H_20-15 _
z——o_ =< 0.83

A stockout occurs for x > 20. The corresponding value of z is given by

Shaded area is
probability of a
stockout

15 20
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[image: image8.png]Problem Name: Evans Electronics

Application: Normal Approximation of Binomial Probabilities

Problem Description: Evans Electronics has 80 employees. The
company would like to compute probabilities associated with various‘
numbers of employees leaving the company this year. If the probability
of an émployee leaving is .10, what is the probability of 10 emplogyees
leaving?

Normal Approximation to Binomial

A normal approximation to the binomial is considered acceptable when
np 235
and

n(l-p)=5
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[image: image9.png]To use the normal approximation set

p=np

O'=\/np(1-p)

Continuity Correction Factor

For continuous probability distributions the probability that the random
variable takes on any particular value is zero.

To compute the probability of x successes in n trials using the normal
approximation to the binomial we add and subtract a continuity correction
factor of .50 to x.

Probability of 10 Employees Leaving—Evans Electronics

pu=np=280(.1)=8

o=+/np(1-p)=/80(1)(9) =2.68

Using a normal distribution with i = 8 and o = 2.68 we want to find

P(9.5 <£x <10.5)
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[image: image10.png]Normal approximation to the binomial for Evans Electronics

o=2.68

binomial probabilty of

Shaded area is approximate
’/ x=10

Atx=09.5, 7=23-8.0_ 56

Atx=105, z=103-8.0_ 93

From Tables

P(8<x<10.5)=P(0<2<0.93)=.3238
P(8<x<9.5)=P(0<2<0.56)=.2123

P(9.5<x< 10.5) =P(0.56<2<0.93)=.1115

The probability of 10 employees out of 80 leaving is approximately
0.115.
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