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Bayes’ Theorem

Introduction

Bayes’ Theorem is a cornerstone of probabilistic reasoning, serving as a fundamental rule for
inference. It describes the probability of an event, based on prior knowledge of conditions
that might be related to the event.

In the realm of Al, Bayes’ Theorem has proven indispensable for a wide array of tasks:

» Medical Diagnosis: Bayes’ Theorem can assist in determining the probability of a
disease given the presence of certain symptoms.

e Spam Filtering: The theorem can be employed to ascertain the probability that an
email is spam, given the presence of specific words or features.

e Machine Learning: Bayes’ Theorem is a key component in various machine learning
algorithms, enabling them to make informed predictions based on the available data.

The Theorem

 State Bayes’ Theorem mathematically:
* P(A|B) = [P(B|A) * P(A)]/ P(B)
* where:
» P(A|B) is the conditional probability of event A given that event B has
occurred.
» P(BJA) is the conditional probability of event B given that event A has
occurred.
* P(A) is the prior probability of event A.
* P(B) is the prior probability of event B.

Explanation
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« Prior probability represents the initial belief about an event before any new evidence is
considered.

« Posterior probability, on the other hand, represents the updated belief about an event
after taking into account new evidence.

Bayes’ Theorem provides a way to calculate this posterior probability. It states:

P(A[B) = [P(B|A) * P(A)]/ P(B)

where:

P(A|B) is the posterior probability of event A given evidence B.

P(B|A) is the conditional probability of evidence B given event A.
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P(A) is the prior probability of event A.

P(B) is the prior probability of evidence B.

Example

e Work through a medical diagnosis example:

» A doctor knows that the disease meningitis causes a patient to have a stiff neck
70% of the time.

 The prior probability that any patient has meningitis is 1/50,000.

 The prior probability that any patient has a stiff neck is 1%.

» Using Bayes’ Theorem, the doctor can calculate the probability that a patient
with a stiff neck has meningitis:

» P(meningitis|stiff neck) = [P(stiff neck|meningitis) * P(meningitis)] / P(stiff neck)
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Applications

Robotics

Medical diagnosis

Spam filtering

Machine learning
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