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Session 1 Continuous probability distribution

< Continuous probability distribution
< Uniform probability distribution
< Normal probability distribution
< Standard normal probability distribution



Example (Continuous probability distribution)
Amounts of expenditure by customers:

# of

X cust. | P (x) kS 0:2
= .
0-5 10 | 0.10 c 035
d 0.3
5-10 22 0.22 % 025
S X 0.2
10-15| 40 | 0.40 > 015
= 0.1
15-20 | 20 | 0.20 § 0.05

O

a

0-5 5-10 10-15 15-20 20-25
Amounts of expenditure (x)

20-25 8 0.08
100 1

Exercise: Find 1) P(15=x<20), 2) P(x=7), 3) P(8<x<12)
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Uniform probability distribution

» It 1s a continuous probability distribution associated with situations in
which all values of the random variable are equally likely.

— fora<x<b
» Continuous uniform probability function: f(x) = {b—a' =7 =

0, -elsewhere

Example: Consider the random variable x that represents the total flight time
of an airplane traveling from Chicago to New York. Suppose that the flight

time can be any value 1n the interval from 120 minutes to 140 minutes.
f(x)
1

%__4_
X

120 125 . 130, 135 140
Flight time 1in minutes
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Probability versus probability function

The probability (P(c < x < d)) of the random variable taking on a value
within a given interval from c to d 1s defined to be the area under the graph
of the probability function between ¢ and d. It means the probability of the
random variable taking on a particular value 1s zero, since the area under
the graph f (x) at a single point 1s zero.

Example (cont.): The probability of a flight time between 120 and 130 is:

/() P(120 < x <130) = Area=10-——=0.5

1 20
%__
| > X

120 125 130 . 135 140
Flight time 1n minutes

Exercise: Find the probability of a flight time of exactly 130 minutes.




Normal probability distribution N (u, o)

Continuous probability distribution with symmetrical, bell-shaped
histogram defined by mean (u) and standard deviation (0)

g=>5
/0'=lO
7
| — > X ’ ’ | >
-5 10 20 - Lo 20

Exercise: If all normal distributions have the same shape, how do
they differ?



Probability of the normal random variable

» Probabilities for the normal variable are given by areas under the normal curve.

» Some commonly used intervals are:

1) P(n— o<x<p+ o)=068.26%

2) P(p—20<x=<p+20)=9544%

3) P(u—3c<x=<p+30)=99.72%

» The total area under the curve for the normal distribution is 1.
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Standard normal probability distribution N(u,0) = N(0,1)

» A normal distribution with a mean of 0 and a standard deviation of 1 1s
called a standard normal distribution.

» The letter z 1s commonly used to designate the normal random variable.

og=1
Standard o =10 1 _(x_/")z 1 z*°
normal ~

o -
| | » X
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Example

What 1s the probability that the z value for the standard normal random
variable will be between 0 and 1? Thatis, P(0<z<1)=7?

1-method: Using the formula:

P(O<Z<1)—jf(z)dz—j—e 2dz =0.3413




Example (cont.)

2-method: Using the Standard normal distribution table:

P(2<z) P(0<Z<z)

6 — -
MS Excel Books

P0<z<1)=P(z<1)—-P(z<0)=0.8413—-0.5=0.3413
3-method: MS Excel function:
NORM.DIST(X, u, g, 1) or NORM.S.DIST(Z, 1)
NORM.DIST(1, 0, 1, 1) = NORM.DIST(O, 0, 1, 1) or
NORM.S.DIST(1, 1) - NORM.S.DIST(O, 1)



Exercises

Find:

1) P(z < 0)

2) P(z < 0.5)

3) P(-1<z<1)

4) P(z > 2)

5) P(z = 3)

6) P(—1.23 <z < 2.93)
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Converting Normal to Standard normal distribution

The formula used to convert any normal random variable x with mean p
and standard deviation o to the standard normal random variable z is:
X—U
o

Example: The demand for a new product 1s assumed to be normally
distributed with x4 = 200 and o = 40. Letting x be the number of units
demanded, find a) P (x < 100); b) P (180 <x <220); ¢) P (x> 250).

7 =

a) P(x < 100) = P (z < 1004‘0200) — P(z < —2.5) = 0.0062
b) P(180 < x < 220) = P (1804—0200 <z < 2204—0200) — P(=05 <2< 0.5) =
0.3830
250—-200

¢) P(x = 250) = P(z >

N ) = P(z>1.25) = 0.1056



Exercise

From past experience, the management of a well-known fast-food
restaurant estimates that the number of weekly customers at a
particular location is normally distributed, with a mean of 5000 and a
standard deviation of 800 customers.

a) Find the probability that on a given week the number of
customers will be between 4760 and 5800.

b) What is the probability of a week with more than 6500
customers?

c) For 90% of the weeks, the number of customers should exceed
what amount?
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Exercise solution

4 _ _
P(4760 < x < 5800)= P 760-5090 08005000 _ P(—0.3<z<1)=0.4592
800 800
P(x>6500)= P( SR O(;; 05 OOO) = P(z>1.875)=0.5—-P(0 < z<1.875)=0.5-0.4696 = 0.0304

x—5000
800

P(z>-129)=0.9 = P( > —1.29j = 0.9 = x > 3968



Thank you



