
Machine Learning-Decision Trees

Decision Trees in Machine Learning

A decision tree is a popular machine learning algorithm used for classification and regression tasks.
It's a simple, intuitive model that works by recursively partitioning the data into smaller subsets
based on their features.

How it Works

1. Root Node: The decision tree starts with a root node, which represents the entire dataset.

2. Splitting: The algorithm selects the best feature to split the data at each node, based on a certain
criterion (e.g., information gain or Gini impurity).

3. Leaf Nodes: Each child node is created by splitting the parent node's data based on the chosen
feature. This process continues until a stopping criterion is met (e.g., all instances in a node
belong to the same class).

4. Prediction: To make a prediction, an instance flows through the tree from the root node to a
leaf node. The final decision is made at the leaf node.

Example

Suppose we want to predict whether someone will buy a car based on their age and income. Our
dataset looks like this:

Age Income Bought

25 50000 Yes

30 60000 No

28 40000 Yes

... ... ...

We create a decision tree with the following structure:



          +---------------+

          |  Age         |

          +---------------+

                  |

                  |

                  v

+---------------+       +---------------+

|  Income < 50000  |       |  Income >= 50000|

+---------------+       +---------------+

        |                            |

        |                            |

        v                            v

+---------------+       +---------------+

|  Age <= 30     |       |  Age > 30     |

+---------------+       +---------------+

        |                        |

        |                        |

        v                        v

+---------------+       +---------------+

|  Yes (Bought)   |       |  No (Not Bought)

+---------------+       +---------------+

In this example:

The root node is the entire dataset.

We split on Age first, creating two child nodes: one for people under 30 and one for those over
30.

For people under 30, we split on Income. If they earn less than $50,000, they're likely to buy a
car (leaf node "Yes"). Otherwise, they're unlikely to buy a car (leaf node "No").

For people over 30, we can infer that they're likely to buy a car if they earn more than $50,000.

Advantages

Decision trees are easy to interpret and visualize.

They handle both categorical and numerical features.

They can be used for classification and regression tasks.

Disadvantages

Decision trees can suffer from overfitting (especially when the tree is too complex).

They may not perform well on high-dimensional datasets or those with non-linear relationships.

To mitigate these issues, you can use techniques like pruning, regularization, or ensembling
decision trees (e.g., Random Forest).
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