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Hyperparameter Tuning

Hyperparameter Tuning is an important process in machine learning that involves selecting the
best set of hyperparameters to improve the performance of a model. Hyperparameters are
configuration settings that are specified before the training process begins and cannot be

learned directly from the training data.

The performance of machine learning models depends not only on the data but also on the
choice of hyperparameters. Proper tuning of hyperparameters can significantly improve model

accuracy, reduce errors, and enhance the model's ability to generalize to new data.

Hyperparameter tuning is widely used in classification, regression, clustering, deep learning,
and other machine learning applications. It helps in finding the optimal combination of

parameters that produces the best predictive performance.
What are Hyperparameters?

Hyperparameters are external settings that control the learning process of a machine learning

algorithm. They are set before training and influence how the model learns from data.
Examples

o Learning Rate in Neural Networks

e Number of Trees in Random Forest

e Number of Neighbors (K) in K-Nearest Neighbors

e Maximum Depth of Decision Trees

e Number of Clusters (K) in K-Means Clustering

These parameters are chosen by the user and are not automatically learned during model

training.

Parameters vs Hyperparameters

Feature Parameters Hyperparameters
Definition Learned from training data Set before training
Updated During Training Yes No
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Feature Parameters Hyperparameters

Controlled By Model User

Examples Weights, Biases Learning Rate, Number of Trees
Example

In Linear Regression:
[Y=mX+c]

e (m) and (c) are parameters learned during training.

o Learning rate is a hyperparameter chosen before training.
Need for Hyperparameter Tuning

Machine learning algorithms often have multiple hyperparameters. Selecting inappropriate

values may lead to poor model performance.
Reasons for Hyperparameter Tuning
1. Improve prediction accuracy.
2. Reduce overfitting.
3. Reduce underfitting.
4. Improve model generalization.
5. Achieve optimal model performance.
Without tuning, a model may fail to capture important patterns in the dataset.
Overfitting and Underfitting
Overfitting

Overfitting occurs when a model learns the training data too well, including noise and irrelevant

details.
Characteristics
e High training accuracy

e Low testing accuracy
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e Poor generalization
Solution
Hyperparameter tuning can help reduce overfitting by controlling model complexity.
Underfitting
Underfitting occurs when a model is too simple to capture the underlying patterns in data.
Characteristics
e Low training accuracy
o Low testing accuracy
e Poor learning performance
Solution
Adjusting hyperparameters can increase model complexity and improve learning.
Hyperparameter Tuning Process
The general process involves the following steps:
Step 1
Select a machine learning algorithm.
Step 2
Identify important hyperparameters.
Step 3
Define possible values for each hyperparameter.
Step 4
Train models using different combinations.
Step 5
Evaluate performance using validation data.

Step 6

24A1403 - FML



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

Select the best hyperparameter combination.
Step 7

Train the final model using optimal settings.
Methods of Hyperparameter Tuning

1. Manual Search

In this method, the user manually selects different hyperparameter values and evaluates model

performance.
Advantages
o Simple to understand.
e Suitable for small datasets.
Disadvantages
e Time-consuming.
e May not find the optimal solution.
2. Grid Search
Grid Search 1s one of the most popular hyperparameter tuning methods.
It evaluates every possible combination of predefined hyperparameter values.
Example
Suppose:
e Learning Rate = {0.01, 0.1}
o Batch Size = {16, 32}

Possible combinations:

1. (0.01, 16)
2. (0.01,32)
3. (0.1, 16)
4. (0.1,32)
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Each combination is tested and the best one is selected.
Advantages

e Systematic search.

o Finds the optimal combination within the search space.
Disadvantages

o Computationally expensive.

e Slow for large parameter spaces.
3. Random Search

Random Search selects random combinations of hyperparameters instead of testing all

possibilities.
Working

1. Define parameter ranges.

A

Randomly select combinations.

w

Evaluate performance.

4. Choose the best configuration.
Advantages

o Faster than Grid Search.

o Efficient for large search spaces.
Disadvantages

e May miss the optimal combination.
4. Bayesian Optimization

Bayesian Optimization uses probability models to identify promising hyperparameter

combinations.

Instead of testing all values, it learns from previous results and predicts the next best set of

parameters.
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Advantages

e More efficient.

e Requires fewer evaluations.
Disadvantages

e More complex to implement.

5. Automated Hyperparameter Tuning

Modern machine learning platforms provide automated tuning techniques.

Examples include:

e AutoML
o Hyperopt
e Optuna

o Keras Tuner
These tools automatically search for the best hyperparameters.

Cross-Validation in Hyperparameter Tuning

Cross-validation is often used along with hyperparameter tuning to ensure reliable model

evaluation.
K-Fold Cross-Validation

1. Split data into K equal parts.

2. Train on K-1 parts.

3. Test on the remaining part.

4. Repeat K times.

5. Calculate average performance.
Benefits

e More reliable evaluation.

e Reduces bias.
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o Helps select better hyperparameters.

Common Hyperparameters in Machine Learning

Decision Tree
e Maximum Depth
e Minimum Samples Split
e Minimum Samples Leaf
Random Forest
e Number of Trees
e Maximum Depth
e Number of Features
K-Nearest Neighbors (KNN)
e Number of Neighbors (K)
o Distance Metric
Support Vector Machine (SVM)
o Kernel Type
o Regularization Parameter (C)
e (Gamma
Neural Networks
e Learning Rate
e Batch Size
e Number of Hidden Layers

e Number of Epochs
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Advantages of Hyperparameter Tuning

1. Improves model accuracy.

2. Enhances generalization ability.

3. Reduces overfitting and underfitting.

4. Optimizes model performance.

5. Increases reliability of predictions.
Limitations of Hyperparameter Tuning

1. Computationally expensive.

2. Requires significant processing time.

3. Complex models may have many hyperparameters.

4. Large search spaces increase training cost.
Applications of Hyperparameter Tuning
Healthcare
Improves disease prediction models.
Finance
Enhances stock market forecasting and fraud detection.
Recommendation Systems
Optimizes personalized recommendations.
Image Processing
Improves object detection and image classification.
Natural Language Processing
Enhances sentiment analysis and text classification.
Business Analytics

Improves customer behavior prediction models.
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