
Permutation Combination and Probability: A
Comprehensive Guide from Basics to
Advanced Concepts
Permutation, combination, and probability are three fundamental concepts
in mathematics that are used in a wide range of applications, from counting
problems to probability theory. This article provides a comprehensive
overview of these concepts, covering both basic and advanced topics.
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Permutation

A permutation is an arrangement of a set of elements in a specific order.
For example, the set {1, 2, 3}has six possible permutations: 123, 132, 213,
231, 312, and 321.

The number of permutations of a set of n elements is given by the following
formula:
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P(n, n) = n!

where n! is the factorial of n.

Example

How many permutations are there of the set {1, 2, 3, 4, 5}?

Using the formula above, we have:

P(5, 5) = 5! = 5 × 4 × 3 × 2 × 1 = 120

Therefore, there are 120 permutations of the set {1, 2, 3, 4, 5}.

Combination

A combination is a selection of elements from a set, where the order of the
elements does not matter. For example, the set {1, 2, 3}has three possible
combinations: {1, 2}, {1, 3}, and {2, 3}.

The number of combinations of a set of n elements taken r at a time is
given by the following formula:

C(n, r) = n! / (r! × (n - r)!)

Example

How many combinations are there of the set {1, 2, 3, 4, 5}taken 3 at a
time?

Using the formula above, we have:

C(5, 3) = 5! / (3! × (5 - 3)!) = 5! / (3! × 2!) = 10



Therefore, there are 10 combinations of the set {1, 2, 3, 4, 5}taken 3 at a
time.

Probability

Probability is a measure of the likelihood that an event will occur. It is
expressed as a number between 0 and 1, where 0 indicates that the event
is impossible and 1 indicates that the event is certain.

The probability of an event A is calculated as follows:

P(A) = number of outcomes in event A / total number of possible outcomes

Example

A coin is flipped three times. What is the probability of getting at least one
head?

There are eight possible outcomes when a coin is flipped three times: HHH,
HHT, HTH, THH, THT, TTH, HTT, TTT. There are four outcomes that
contain at least one head: HHH, HHT, HTH, and THH.

Therefore, the probability of getting at least one head is:

P(at least one head) = 4 / 8 = 1 / 2

Advanced Permutations and Combinations

Permutations and combinations can be used to solve a wide range of
problems, from counting problems to probability problems. Some of the
more advanced applications of permutations and combinations include:



Counting arrangements with repetition

Counting arrangements with restrictions

Solving probability problems involving multiple events

Deriving probability distributions

Permutation, combination, and probability are fundamental concepts in
mathematics that are used in a wide range of applications. This article has
provided a comprehensive overview of these concepts, covering both basic
and advanced topics. By understanding permutation, combination, and
probability, you will be able to solve a wide range of problems and gain a
deeper understanding of the world around you.
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