Introduction to Machine
Learning: Cost Functions
AS3) dulal) AlalY) acd
ZEE U
Artificial Intelligence II
Lecture 6
dla Jud adsa 3a




Introduction to Machine
Learning: Cost Functions

Cost functions are fundamental to machine learning optimization.
They are critical for ensuring model accuracy and peak performance.

Understanding cost functions is key to grasping how algorithms learn.
They guide models toward better predictions through calculated
adjustments.



What is a Cost Function?
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Error Measurement Optimization Guide

Quantifies how far model Directs the algorithm
predictions deviate from toward parameter values
actual values. that minimize errors.

Performance Indicator

Provides a metric to evaluate and compare model effectiveness.



Mathematical Foundation

Error Representation Ilterative Improvement

Cost functions mathematically represent the difference By calculating error across all training examples,
between predicted outputs and actual values. algorithms find optimal parameters.

They transform complex model behavior into a single Each iteration aims to reduce this error value through

value we can optimize. strategic adjustments.



Cost Function Formula

Core Formula Components
J(0) = (1/2m) Z(h(x) - y)?2 e m: number of training
examples

This measures average

squared difference between h(x): predicted value

predictions and actual values.

y: actual value

0: model parameters

Significance

Squaring errors prevents negative and positive errors from
canceling out.

The (1/2m) factor simplifies derivative calculations during
optimization.



Intuition Behind Cost Functions

Optimal model

Minimum cost value

Performance measurement

Quantifiable error metric

Learning direction

Path to improvement




Types of Cost Functions

L

Mean Squared .
Error

Averages squared
differences between
predictions and
actual values.
Penalizes larger
errors more heavily.

Mean Absolute
Error

Averages absolute
differences. Less
sensitive to outliers
than MSE.

Root Mean
Squared Error

Square root of MSE.
Returns error in
same units as target
variable.

UUU Log Loss

Used for
classification.
Penalizes incorrect
probability
predictions severely.



Mean Squared Error (Deep Dive)

Error Weighting

Formula
D .
A Squares errors to emphasize larger
MSE = (1/n) Z(y: - §1)2 (@) ,
mistakes
L. Calculation
Application v/

Averages all squared errors in

x|
i+

Ideal for regression problems
dataset



Visualization Techniques

. 2D Line Plots

Show cost vs. single parameter

3D Surface Plots

g

Visualize cost with two parameters

Contour Maps

Bird's-eye view of error surface



Reading Cost Function Graphs

Identify Axes

X and Y axes represent model parameters. Z axis (or color) shows
cost value.

Locate Minima

Find the lowest points where cost is minimized. Distinguish
between local and global minima.

Analyze Slopes

Steeper slopes indicate faster learning. Flat regions suggest slow
convergence.

Trace Optimization Path

Follow the route algorithms would take toward minimum cost.




Gradient Descent Connection

Following the Slope Directional Guidance Iterative Refinement
Gradient descent works like a ball The cost function's gradient indicates Parameters update in small steps,
rolling downhill, naturally finding the the direction of steepest increase. gradually approaching optimal values.

lowest point.



Practical Visualization Examples
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Different machine learning algorithms produce distinct cost function landscapes. Simple models create smooth surfaces
with clear minima.

Complex models generate rugged terrains with multiple valleys, making optimization challenging.



Common Challenges in Cost
Functions

— Challenge Description Solution
ﬂ =Y Overfitting Cost too low on Regularization, cross-
;’ i training data, high on validation
\ v\/\\(l N - test data
. r
| £ b B Underfitting Consistently high cost More complex
[ R ey on all datasets models, feature
& engineering
Local Minima Algorithm trapped in Multiple random
suboptimal solution initializations,
momentum
Noisy Data Inconsistent cost Robust error metrics,

calculations data cleaning




Jupyter Notebook: Cost
Function Implementation

Import Libraries

Use NumPy, Pandas, Matplotlib and Scikit-learn for data handling and
visualization.

Load & Prepare Data

Import datasets and split into training/testing sets for evaluation.

Implement Cost Functions

Code custom cost functions or use built-in implementations from
libraries.

Visualize Results

Create interactive plots to explore cost behavior across
parameter space.



Code Example: MSE
Calculation

import numpy as np

from sklearn.metrics import mean_squared_error

# Generate sample data
y true = np.array([3, -0.5, 2, 7])
y pred = np.array([2.5, 0.0, 2, 8])

O = cerluraty () )

2O Ga R I ( hr y
’

# Calculate MSE manually
mse_manual = np.mean((y_true - y pred) ** 2)
print(f"Manual MSE: {mse _manual}")

# Calculate MSE using scikit-learn
mse_sklearn = mean_squared_error(y_true, y pred)
print(f"Scikit-learn MSE: {mse sklearn}")
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Advanced Visualization Techniques

5D 50+ 1009

Surface Plots FPS Animations Interactive Controls
Render cost as function of two Create smooth animations of Enable parameter manipulation in
parameters using matplotlib's 3D optimization process with high frame real-time with sliders and buttons

capabilities rates



Machine Learning Frameworks

TensorFlow

PyTorch

Keras

Scikit-learn

MXNet




Real-World Applications

Predictive Maintenance : : :
Financial Forecasting

Optimizing cost functions to L .
, , M lﬁ Minimizing prediction errors for
accurately predict equipment 3

, _ stock prices and market trends.
failures and reduce downtime.

Natural Language

) Image Recognition
Processing d d

Refining neural networks through

Improving language models with D @ o . .
specialized loss functions for image

tailored cost functions for text e
classification.

prediction.



Best Practices

NE

Match Cost to Problem

Select cost functions appropriate for your specific machine learning task
and data distribution.

Balance Complexity

Choose models that minimize cost without overfitting. Use
regularization when needed.

Monitor Performance

Track cost on both training and validation sets to detect learning
problems early.

Tune Hyperparameters

Systematically explore learning rates and other parameters that affect
cost minimization.




Future of Cost Function
Research

Quantum Optimization

@ Exploring quantum computing for faster cost function
minimization.

Neural Architecture Search

Automatically discovering optimal cost functions for specific tasks.

Meta-Learning

Training models to learn optimal cost functions for new problems.

Adversarial Robustness

Developing cost functions resistant to adversarial attacks.




Conclusion

Core ML Concept Evolving Research
Cost functions remain the Ongoing innovation
foundation of machine continues to improve cost
learning. They drive the function design and
optimization process. implementation.

Practical Application

Mastering cost functions enables better model selection and
performance tuning.




