
Engineering Statistics ECIV 2305

Chapter 2

Random Variables
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What is a Random Variable
 A random variable is a special kind of experiment in

which the outcomes are numerical values
 e.g. -2, 7.3 , 350, 0 , … etc

 It is obtained by assigning a numerical value to each
outcome of a particular experiment.
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Example (Machine Breakdown)
We remember that the sample space for the breakdown

cause was:
S = {Electrical, Mechanical, Misuse}

The breakdown cause is not a random variable since its
values are not numerical.

How about the repair cost?
CostBreakdown 

cause
$200Electrical
$350Mechanical
$50Misuse

The repair cost is a random variable 
with a sample space of  

S = {50 , 200 , 350}
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Example (Power  Plant Operation)
The sample space for the status of the three plants is:

(0, 0, 0)        (1, 0, 0)
(0.07)                 (0.16)

(0, 0, 1)        (1, 0, 1)
(0.04)                 (0.18)

(0, 1, 0)        (1, 1, 0)
(0.03)                 (0.21)

(0, 1, 1)        (1, 1, 1)
(0.18)                 (0.13)

The status of the three plants is not a 
random variable because its values are not 
numerical.

where,
1 = generating electricity
0 = idle
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…example (Power  Plant Operation)

The sample space for the number of plants generating 
electricity

S = {0, 1, 2, 3}
Therefore, we can define the Random Variable X 
representing the number of plants generating electricity, 
which can take the values 0, 1, 2, 3

(0, 0, 0)        (1, 0, 0)

(0, 0, 1)        (1, 0, 1)

(0, 1, 0)        (1, 1, 0)

(0, 1, 1)        (1, 1, 1)

How about the number of plants generating electricity?
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Example (Factory Floor Accidents)

It is obvious here that the number of floor accidents in a given 
year is a random variable which may take the value of zero or 
any positive integer.

Suppose that a factory is interested in how many floor 
accidents occur in a given year.
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Examples
→ The score obtained from the roll of a die is a random 
variable taking the values from 1 to 6

→ The positive difference between the scores when rolling 
two dice can also be defined as a random variable taking 
the values 0 to 5



۸

→We use upper case letters to refer to random variables; e.g. 
X, Y, Z

→We use lowercase letters to refer to values taken by the 
random variable

e.g. a random variable X takes the values 
x = -0.6 , x = 2.3 , x= 4.0
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Discrete or Continuous Random Variable
 Continuous random variable:

May take any value within a continuous interval.
Therefore, the values taken by a continuous variable
are uncountable

 examples: ??

 Discrete random variable:
Can take only certain discrete values. Therefore, the
values taken by a discrete random variable are finite.

 Examples: ??
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Probability Mass Function (p.m.f.)
 The probability mass function of a random variable X

is a set of probability values pi assigned to each of the
values xi taken by the discrete random variable.

 0 ≤ pi ≤ 1 and ∑pi = 1

 The probability that the random variable takes the
value xi is pi , and written as P(X = xi) = pi .

 The probability mass function (pmf) is also referred
to as the distribution of the random variable.
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Example (Machine Breakdown) p78
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Example (Power Plant Operation) p78
Suppose that we are interested in the
number of plants generating
electricity. We can define a Random
Variable X
X= number of plants generating

electricity, which may take the
values 0, 1, 2, 3

What is the pmf of X?

(0, 0, 0)        (1, 0, 0)
(0.07)                 (0.16)

(0, 0, 1)        (1, 0, 1)
(0.04)                 (0.18)

(0, 1, 0)        (1, 1, 0)
(0.03)                 (0.21)

(0, 1, 1)        (1, 1, 1)
(0.18)                 (0.13)
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Example (Factory Floor Accident) p79
Suppose that the probability of having x accidents is

a) Draw the pmf on a line graph.
b) Is this a valid pmf?

12
1)( +== xxXP
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Example (Rolling Two Dice) p79
Two dice are rolled. Suppose that we are interested
in the positive difference between the scores
obtained.
a) Is it a RV
b) Draw the pmf of the RV

(1,1)  (1,2)  (1,3)  (1,4)  (1,5)  (1,6)

(2,1)  (2,2)  (2,3)  (2,4)  (2,5)  (2,6)

(3,1)  (3,2)  (3,3)  (3,4)  (3,5)  (3,6)

(4,1)  (4,2)  (4,3)  (4,4)  (4,5)  (4,6)

(5,1)  (5,2)  (5,3)  (5,4)  (5,5)  (5,6)

(6,1)  (6,2)  (6,3)  (6,4)  (6,5)  (6,6)
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…example (Rolling Two Dice) p79

(1,1)  (1,2)  (1,3)  (1,4)  (1,5)  (1,6)

(2,1)  (2,2)  (2,3)  (2,4)  (2,5)  (2,6)

(3,1)  (3,2)  (3,3)  (3,4)  (3,5)  (3,6)

(4,1)  (4,2)  (4,3)  (4,4)  (4,5)  (4,6)

(5,1)  (5,2)  (5,3)  (5,4)  (5,5)  (5,6)

(6,1)  (6,2)  (6,3)  (6,4)  (6,5)  (6,6)

However, the positive difference
between the two scores is a random
variable. We can define X:
→ X = positive difference between
scores, which make take the values 0,
1, 2, 3, 4, 5

We already know that the scores obtained as a result of rolling two
dice will not generate a random variable since the sample space is
not a set of numerical values.
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…example (Rolling Two Dice) p79

(1,1)  (1,2)  (1,3)  (1,4)  (1,5)  (1,6)

(2,1)  (2,2)  (2,3)  (2,4)  (2,5)  (2,6)

(3,1)  (3,2)  (3,3)  (3,4)  (3,5)  (3,6)

(4,1)  (4,2)  (4,3)  (4,4)  (4,5)  (4,6)

(5,1)  (5,2)  (5,3)  (5,4)  (5,5)  (5,6)

(6,1)  (6,2)  (6,3)  (6,4)  (6,5)  (6,6)
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Cumulative Distribution Function (cdf)
 The cumulative distribution function of a random

variable X is the function:
F(x) = P(X ≤ x)

 For example: In the two-dice example:
 F(2) =
 F(5) =

 Like the pmf, the cdf summarizes the probabilistic
properties of a random variable.
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Example (Rolling Two Dice) p83
Two dice are rolled. Suppose that we are interested in the
positive difference between the scores obtained.

a) What is the probability that the difference is no 
larger than 2?

b) Construct & plot the cdf of the positive difference 
between the scores obtained.

a)
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…example (Rolling Two Dice) p83
b) Construct & plot the cdf of the positive difference 

between the scores obtained.

543210xi

2/364/366/368/3610/366/36pi

F(x)
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Notes
 F(x) is an increasing step function with steps taken at

the values taken by the random variable.
 Knowledge of either the pmf or cdf allows the other

function to be calculated; for example:
a) From pmf to cdf:
b) From cdf to pmf:

 The cdf is an alternative way of specifying the
probability properties of a random variable X.

 What if there is no step in the cdf at point x?
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Example (Machine Breakdown) p81
For the machine breakdown example, construct & plot
the cdf.
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Example (Power Plant Operation) p81
For the machine breakdown example, construct & plot
the cdf. Also, find the probability that no more than one
plant is generating electricity.
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