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Introduction to Set
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• Set: A set is a well defined collection of objects. These objects are
called elements or members of the set. Usually uppercase letters are
used to denote sets.

• The set theory was developed by George Cantor in 1845-1918. Today,
it is used in almost every branch of mathematics and serves as a
fundamental part of present-day mathematics.

• In everyday life, we often talk of the collection of objects such as a
bunch of keys, flock of birds, pack of cards, etc.

• In mathematics, we come across collections like natural numbers,
whole numbers, prime and composite numbers.



Laws in set theory
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• A∩B = B∩A (Commutative law)

• (A∩B)∩C = A∩ (B∩C) (Associative law)

• Ф ∩ A = Ф (Law of Ф)

• U∩A = A (Law of 𝖴)

• A∩A = A (Idempotent law)

• A∩(B𝖴C) = (A∩B) 𝖴 (A∩C) (Distributive law) Here ∩ distributes over𝖴

• Also, A𝖴(B∩C) = (AUB) ∩ (AUC) (Distributive law) Here𝖴 distributes
over ∩



Probability
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• Experiment:

In probability theory, an experiment or trial (see below) is any
procedure that can be infinitely repeated and has a well-defined set
of possible outcomes, known as the sample space.

• An experiment is said to be random if it has more than one possible
outcome, and deterministic if it has only one.

• A random experiment that has exactly two (mutually exclusive)
possible outcomes is known as a Bernoulli trial.



Experiment
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Random Experiment
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• An experiment is a random experiment if its outcome cannot be
predicted precisely. One out of a number of outcomes is possible in
a random experiment.

• A single performance of the random experiment is called a
trial.Random experiments are often conducted repeatedly, so that
the collective results may be subjected to statistical analysis.

• A fixed number of repetitions of the same experiment can be
thought of as a composed experiment, in which case the individual
repetitions are called trials.

• For example, if one were to toss the same coin one hundred times
and record each result, each toss would be considered a trial within
the experiment composed of all hundred tosses.



• Relative Frequency:

Random experiment with sample space S. we shall assign non-
negative number called probability to each event in the sample space.
Let A be a particular event in S. then “the probability of event A” is
denoted by P(A).

• Suppose that the random experiment is repeated n times, if the event
A occurs nA times, then the probability of event A is defined as
“Relative frequency

• Event A is defined as

Relative frequency, Experiments
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Sample Space
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• Sample Space: The sample space is the collection of all possible
outcomes of a random experiment. The elements of are called
sample points. A sample space may be finite, countable infinite or
uncountable.

• A list of exhaustive *don’t leave anything out] and mutually
exclusive outcomes [impossible for 2 different events to occur in
the same experiment] is called a sample space and is denoted by S.

• The outcomes are denoted by O1, O2, …, Ok

• Using notation from set theory, we can represent the sample space
and its outcomes as:

S = {O1, O2, …, Ok}



Sample
Space
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• Given a sample space S = {O1, O2, …, Ok}, the probabilities assigned
to the outcome must satisfy these requirements:

(1) The probability of any outcome is between 0 and 1

i.e. 0 ≤ P(Oi) ≤ 1 for each i, and

(2) The sum of the probabilities of all the outcomes equals 1

i.e. P(O1) + P(O2) + … + P(Ok) = 1



Discrete and Continuous Sample Spaces
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• Probability assignment in a discrete sample space: Consider a finite 
sample space . Then the sigma algebra is defined by the power set of
S. For any elementary event , we can assign a probability such that, 
For any event , we can define the probability



Continuous sample space
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• Suppose the sample space S is continuous and uncountable. Such a
sample space arises when the outcomes of an experiment are
numbers. For example, such sample space occurs when the
experiment consists in measuring the voltage, the current or the
resistance.



Events
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• The probability of an event is the sum of the probabilities of the
simple events that constitute the event.

• E.g. (assuming a fair die) S = {1, 2, 3, 4, 5, 6} and P(1) = P(2) = P(3) =
P(4) = P(5) = P(6) = 1/6

• Then: P(EVEN) = P(2) + P(4) + P(6) = 1/6 + 1/6 + 1/6 = 3/6 = 1/2



Types of Events
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1. Exhaustive Events:

A set of events is said to be exhaustive, if it includes all the possible
events. Ex. In tossing a coin, the outcome can be either Head or Tail
and there is no other possible outcome. So, the set of events{ H , T }
is exhaustive.

2. Mutually Exclusive Events:

Two events, A and B are said to be mutually exclusive if they cannot
occur together. i.e. if the occurrence of one of the events precludes
the occurrence of all others, then such a set of events is said to be
mutually exclusive. If two events are mutually exclusive then the
probability of either occurring is



Types of Events
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3. Equally Likely Events:

If one of the events cannot be expected to happen in preference to
another, then such events are said to be Equally Likely Events.( Or)
Each outcome of the random experiment has an equal chance of
occurring.

Ex. In tossing a coin, the coming of the head or the tail is equally
likely

4. Independent Events:

Two events are said to be independent, if happening or failure
of one does not affect the happening or failure of the other.
Otherwise, the events are said to be dependent.



Probability Definitions and Axioms
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Relative frequency Definition:

Consider that an experiment E is repeated n times, and let A and B be
two events associated with E. Let nA and nB be the number of times
that the event A and the event B occurred among the n repetitions
respectively. The relative frequency of the event A in the 'n'
repetitions of E is defined as

f( A) = nA /n



Axioms of Probability
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• The Relative frequency has the following properties:

• 0 ≤f(A) ≤ 1

• f(A) =1 if and only if A occurs every time among the n repetitions.

• If an experiment is repeated n times under similar conditions and 
the event A occurs in nAtimes, then the probability of the event A is 
defined as



Joint probability
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• Joint probability:

Joint probability is defined as the probability of both A and B taking
place, and is denoted by P (AB) or P(A∩B) .

• probability notation: P(AB) = P(A | B) * P(B)



Conditional Probability
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• Conditional probability is used to determine how two events are
related; that is, we can determine the probability of one event given
the occurrence of another related event.

• Experiment: random select one student in class.

• P(randomly selected student is male)

• P(randomly selected student is male/student is on 3rd row)

• Conditional probabilities are written as P(A | B) and read as “the
probability of A given B” and is calculated as



Bayes’Theorem
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• Bayes’ Law is named for Thomas Bayes, an eighteenth century
mathematician.

• In its most basic form, if we know P(B | A),

• we can apply Bayes’ Law to determine P(A | B)

• Bayes' theorem centers on relating different conditional
probabilities. A conditional probability is an expression of how
probable one event is given that some other event occurred
(a fixed value).

• For a joint probability distribution over events A and B ,
P(A^B), the conditional probability of given is defined as



Bayes’theorem
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•Note that P(A^B) is the probability of both A and B occurring, which
is the same as the probability of A occurring times the probability
that B occurs given that A occurred P(B/A)*P(A)
•Using the same reasoning P(A^B), is also the probability that B
occurs times the probability that A occurs given that B occurs:
P(A/B)*P(B) The fact that these two expressions are equal leads to
Bayes' Theorem. Expressed mathematically, this is:



• The probabilities P(A) and P(AC) are called prior probabilities
because they are determined prior to the decision about taking the
preparatory course.

• The conditional probability P(A | B) is called a posterior probability
(or revised probability), because the prior probability is revised
after the decision about taking the preparatory course.

Bayes’theorem
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Random variable
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• A (real-valued) random variable, often denoted by X (or some other
capital letter), is a function mapping a probability space (S, P) into
the real line R. This is shown in next slide.

• Associated with each point s in the domain S the function X assigns
one and only one value X(s) in the range R. (The set of possible
values of X(s) is usually a proper subset of the real line; i.e., not all
real numbers need occur. If S is a finite set with m elements, then
X(s) can assume at most m different values as s varies in S.)



RV in graphical representation
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RV in graphical representation

PTSP,V,Nagalakshmi,ECE,NRCM 24



Discrete random variable
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• A random variable is called a discrete random variable is piece-wise
constant. Thus is flat except at the points of jump discontinuity. If

defined on it isthe sample space is discrete the random variable
always discrete.



Continuous random variable
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• X is called a continuous random variable if is an absolutely continuous
function of x. Thus is continuous everywhere on and exists
everywhere except at finite or countable infinite points.



Mixed random variable
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• X is called a mixed random variable if has jump discontinuity at
countable number of points and it increases continuously at least at
one interval of values of x. For a such type RV X.



Random Variable
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Review of the concepts
1. Random Experiment
2. Random Event
3. Outcomes
4. Sample Space
5. Random Variable:

Mapping of sample space to a real line



Mapping of sample space to a real line

Random Variable

PTSP,V,Nagalakshmi,ECE,NRCM 29



Distribution function
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Properties of CDF
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Properties of CDF (contd..)
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Properties of CDF (contd..)
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Probability density function
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Probability density function (contd..)
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Properties of PDF
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Gaussian Probability density function
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Gaussian Probability density function (contd..)
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Gaussian Probability density function (contd..)
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Gaussian Probability density function (contd..)
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Gaussian Probability density function (contd..)
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Binomial Probability density function
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Binomial Probability density function (contd..)
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Binomial Probability density function (contd..)
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Poisson Probability density function
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Poisson Probability density function (contd..)
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Uniform Probability density function
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Uniform Probability density function (contd..)
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Uniform Probability density function (contd..)
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Exponential Probability density function
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Exponential Pdf (contd..)
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Exponential Pdf (contd..)
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Rayleigh Probability density function
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Rayleigh Probability density function (contd..)
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Rayleigh Probability density function (contd..)
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Conditional distribution function
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Properties of Conditional distribution function
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Conditional density function
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Properties of Conditional density function
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Methods of conditioning event
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Methods of conditioning event (contd..)
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Methods of conditioning event (contd..)
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Methods of conditioning event (contd..)
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Methods of conditioning event (contd..)
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           MOMENTS  OF  RANDOM  VARIABLE
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