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CHAPTER 1: ARTIFICIAL NEURAL 

NETWORK 
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INTRODUCTION  

 In this chapter : 

  we will explore the foundational concepts of 

neural networks, starting with the perceptron 

and the multi-layer perceptron (MLP).  

 

 We will then delve into deep learning, focusing on 

Convolutional Neural Networks (CNNs) – a 

critical advancement in the field of artificial 

intelligence. 

4 



LEARNING OBJECTIVES 

 

 Understand the basic structure and functioning 

of a perceptron. 

 Learn the limitations of a single-layer 

perceptron. 

 Explore the need for multi-layer perceptron in 

solving complex tasks. 

 Gain insights into deep learning, its applications, 

and the emergence of CNNs. 

 Comprehend the architecture and training of 

CNNs for image-related tasks. 
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PERCEPTRON 
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PERCEPTRON: THE BUILDING BLOCKS 

 Biological Inspiration 
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PERCEPTRON: THE BUILDING BLOCKS 

 Structure of a Perceptron 
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PERCEPTRON 
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PERCEPTRON 
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INTRODUCTION  
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PERCEPTRON 
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PERCEPTRON 
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PERCEPTRON 
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PERCEPTRON 
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PERCEPTRON 

 Perceptron for Binary Classification 

 perceptron can be used as a binary classification model, 

defining a linear decision boundary.  

 It finds the separating hyperplane that minimizes the 

distance between misclassified points and the decision 

boundary. 
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https://en.wikipedia.org/wiki/Hyperplane


PERCEPTRON 

Biggest criticism: 

  it couldn’t represent the XOR gate (exclusive OR). 

 Perceptron can’t be applied to non-linear data (Minsky 

and Papert, in 1969[5]). 

 

linearly separable and non linearly separable 

data: 
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MULTILAYER PERCEPTRON 

 

“VANILLA” NEURAL NETWORKS 
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MULTILAYER PERCEPTRON 
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MULTILAYER PERCEPTRON 
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ACTIVATION FUNCTION 

Types of Activation Functions 

1. Linear Activation Functions (f(x)=x) 

2. Non-Linear Activation Functions 
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MULTILAYER PERCEPTRON 

 

 Training a Multi-Layer Perceptron (MLP) 

 The main algorithm used to train MLPs is a combination of 

two key techniques:  

 Backpropagation  

 Gradient Descent.  

 This combination is often referred to as: 

    Backpropagation with Gradient Descent  

 

 The primary goal is to adjust the weights and biases of the 

network in such a way that it can make accurate predictions 
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MULTILAYER PERCEPTRON 

 

 
 Training a Multi-Layer Perceptron (MLP) 

 Here's an overview of the main steps in training an MLP 

using this algorithm: 

 

1. Initialization 

2. Forward Propagation 

3. Loss Computation 

4. Back-propagation (gradient calculation) 

5. Gradient Descent 

6. Iteration 

7. Evaluation 
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MULTILAYER PERCEPTRON 

 

 
 Training a Multi-Layer Perceptron (MLP) 

1. Initialization 

2. Forward Propagation 

3. Loss Computation 

 In this step, we measure the error between the predicted 

outputs and the ground truth (target) values. 

 

  The choice of loss function depends on the task, but 

common choices include mean squared error (MSE) for 

regression and cross-entropy for classification.  
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MULTILAYER PERCEPTRON 

 

 
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MULTILAYER PERCEPTRON 

 

 Gradient Descent Algorithm 

 Learning rate (step size) : is the size of the steps that are 

taken to reach the minimum.  

 It is a small value, evaluated and updated based on the 

behavior of the cost function. 

 Two types of learning rates:  

 High learning rates 

 Low learning rate  
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MULTILAYER PERCEPTRON 

 

 Gradient Descent Algorithm 

 The cost (or loss) function  

 measures the difference (error) between target  and predicted 

output.  

 

 This improves the machine learning model's efficacy by 

providing feedback to the model. 

 

 It continuously iterates, moving along the direction of steepest 

descent until the cost function is close to or at zero.   
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MULTILAYER PERCEPTRON 

 

 
How does gradient descent work?  

 Back-propagation (gradient calculation) 

 Calculate the gradient of the loss with respect to the network's 

weights and biases by propagating errors backward through 

the network.  

 

 This involves: 

Error Computation 

 Weight and Bias Update 
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MULTILAYER PERCEPTRON 

 

 
How does gradient descent work?  

 Gradient Descent: 

Use the computed gradients to update the weights and 

biases of the network. 

 Iteration: 

Repeat steps 2 to 5 for multiple iterations (epochs).  

 Evaluation: 

After training, evaluate the trained MLP on a separate 

test dataset to assess its generalization performance.  
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MULTILAYER PERCEPTRON 
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MULTILAYER PERCEPTRON 
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MULTILAYER PERCEPTRON 

 

 

32 



 

MULTILAYER PERCEPTRON 
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MULTILAYER PERCEPTRON 

 

 

37 



 

MULTILAYER PERCEPTRON 
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MULTILAYER PERCEPTRON 
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MULTILAYER PERCEPTRON 
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MULTILAYER PERCEPTRON 

 
 Neural Nets for Solving the XOR Problem 

 

41 



 

MULTILAYER PERCEPTRON 

 

  Applications of MLPs 

 

 Image Classification 

 Natural Language Processing (NLP) 

 Financial Forecasting 

 Healthcare 

 Recommendation Systems 
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MULTILAYER PERCEPTRON 

 
Problems 

1. Amount of data: quantity of data increased  the parameters 

of ANN also increased.  

2. Computationally expensive: new type of ANN is needed  

 Let's see the problems ourselves ! 

 Suppose we want to apply classification problems to a 16-bit 

image.  

 2D-grayscale image would 16 * 16 = 256 pixels, 

 neural network with a input layer of 256 Neurons. 

 color image  16 * 16 * 16 = 4096 Neurons in the input layer. 

Need for an another type of NN 

 Convolution neural network (CNN) 
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