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1

2 function netbp
3 % NETBP - Neural network using backpropagation for training
4 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
5

6 %%%%%%% Initial Setup %%%%%%%%%%%
7 % Input data
8 x1 = [0.1, 0.3, 0.1, 0.6, 0.4, 0.6, 0.5, 0.9, 0.4, 0.7];
9 x2 = [0.1, 0.4, 0.5, 0.9, 0.2, 0.3, 0.6, 0.2, 0.4, 0.6];

10

11 % Output labels
12 y = [ones(1, 5), zeros(1, 5); zeros(1, 5), ones(1, 5)];
13

14 % Initialize weights and biases
15 rng(5000);
16 W2 = initializeWeights(2, 2);
17 W3 = initializeWeights(3, 2);
18 W4 = initializeWeights(2, 3);
19 b2 = initializeWeights(2, 1);
20 b3 = initializeWeights(3, 1);
21 b4 = initializeWeights(2, 1);
22

23 % Training settings
24 eta = 0.05; % Learning rate
25 Niter = 1e6; % Number of iterations
26 savecost = zeros(Niter, 1); % Cost function value at each iteration
27

28 % Training loop
29 for counter = 1:Niter
30 k = randi(10); % Choose a random training sample
31 x = [x1(k); x2(k)];
32

33 % Forward pass
34 [a2, a3, a4] = forwardPass(x, W2, W3, W4, b2, b3, b4);
35

36 % Backward pass and weight update
37 [W2, W3, W4, b2, b3, b4] = backPropagation(x, y(:, k), a2, a3, a4,

W2, W3, W4, b2, b3, b4, eta);
38

39 % Compute and save cost function value
40 savecost(counter) = computeCost(x1, x2, y, W2, W3, W4, b2, b3, b4);
41 end
42

43 % Plot cost function decay
44 semilogy(1:1e4:Niter, savecost(1:1e4:Niter));
45 xlabel('Iteration');
46 ylabel('Cost');
47 title('Cost Function Decay');
48 grid on;
49

50 %%%%%%%%%%%%% Helper Functions %%%%%%%%%%%%%
51

52 % Function to initialize weights
53 function W = initializeWeights(rows, cols)
54 W = 0.5 * randn(rows, cols);
55 end
56



57 % Function for forward pass
58 function [a2, a3, a4] = forwardPass(x, W2, W3, W4, b2, b3, b4)
59 a2 = activate(x, W2, b2);
60 a3 = activate(a2, W3, b3);
61 a4 = activate(a3, W4, b4);
62 end
63

64 % Function for backpropagation and updating weights
65 function [W2, W3, W4, b2, b3, b4] = backPropagation(x, y, a2, a3,

a4, W2, W3, W4, b2, b3, b4, eta)
66 delta4 = a4 .* (1 - a4) .* (a4 - y);
67 delta3 = a3 .* (1 - a3) .* (W4' * delta4);
68 delta2 = a2 .* (1 - a2) .* (W3' * delta3);
69

70 W4 = W4 - eta * delta4 * a3';
71 W3 = W3 - eta * delta3 * a2';
72 W2 = W2 - eta * delta2 * x';
73 b4 = b4 - eta * delta4;
74 b3 = b3 - eta * delta3;
75 b2 = b2 - eta * delta2;
76 end
77

78 % Function to compute cost
79 function costval = computeCost(x1, x2, y, W2, W3, W4, b2, b3, b4)
80 costvec = zeros(10, 1);
81 for i = 1:10
82 x = [x1(i); x2(i)];
83 [a2, a3, a4] = forwardPass(x, W2, W3, W4, b2, b3, b4);
84 costvec(i) = norm(y(:, i) - a4, 2);
85 end
86 costval = norm(costvec, 2)^2;
87 end
88

89 % Activation function (sigmoid)
90 function a = activate(x, W, b)
91 a = 1 ./ (1 + exp(-(W * x + b)));
92 end
93 end
94

95 % Second MATLAB Code Block

Listing 1: Neural Network with Backpropagation



1

2 function y = activate(x, W, b)
3 % ACTIVATE - Computes the sigmoid function output
4 %
5 % This function takes the input vector x and computes the sigmoid
6 % output by applying weights and biases.
7 %
8 % Inputs:
9 % x - Input vector (n x 1)

10 % W - Weight matrix (m x n)
11 % b - Bias vector (m x 1)
12 %
13 % Output:
14 % y - Sigmoid output vector (m x 1)
15 %
16 % Computation:
17 % y = 1 ./ (1 + exp(-(W * x + b)));
18

19 % Compute sigmoid output
20 z = W * x + b; % Linear combination of inputs
21 y = 1 ./ (1 + exp(-z)); % Apply sigmoid function to the linear

combination
22 end

Listing 2: Activation Function
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1 % Load CIFAR-10 dataset
2 cifar10Data = fullfile(tempdir, 'cifar10');
3 cifar10URL = 'https://www.cs.toronto.edu/~kriz/cifar-10-matlab.tar.

gz';
4

5 % Download and extract CIFAR-10 dataset
6 if ~exist(cifar10Data, 'dir')
7 disp('Downloading CIFAR-10 dataset...');
8 downloadFolder = tempdir;
9 cifar10TarFile = fullfile(downloadFolder, 'cifar-10-matlab.tar.gz')

;
10 websave(cifar10TarFile, cifar10URL);
11 untar(cifar10TarFile, cifar10Data);
12 end
13

14 % Load CIFAR-10 data
15 cifar10Data = fullfile(cifar10Data, 'cifar-10-batches-mat');
16 [trainImages, trainLabels, valImages, valLabels] = loadCIFAR10(

cifar10Data);
17

18 % Define neural network layers without Dropout
19 layers_no_dropout = [
20 imageInputLayer([32 32 3], 'Name', 'input')
21 convolution2dLayer(5, 32, 'Padding', 2, 'Stride', 1, 'Name', 'conv1

')
22 batchNormalizationLayer('Name', 'bn1')
23 reluLayer('Name', 'relu1')
24 maxPooling2dLayer(3, 'Stride', 2, 'Padding', [0 1 0 1], 'Name', '

pool1')
25 convolution2dLayer(5, 32, 'Padding', 2, 'Stride', 1, 'Name', 'conv2

')
26 reluLayer('Name', 'relu2')
27 averagePooling2dLayer(3, 'Stride', 2, 'Padding', [0 1 0 1], 'Name',

'pool2')
28 convolution2dLayer(5, 64, 'Padding', 2, 'Stride', 1, 'Name', 'conv3

')
29 reluLayer('Name', 'relu3')
30 averagePooling2dLayer(3, 'Stride', 2, 'Padding', [0 1 0 1], 'Name',

'pool3')
31 convolution2dLayer(4, 64, 'Padding', 0, 'Stride', 1, 'Name', 'conv4

')
32 reluLayer('Name', 'relu4')
33 convolution2dLayer(1, 10, 'Padding', 0, 'Stride', 1, 'Name', 'conv5

')
34 softmaxLayer('Name', 'softmax')
35 classificationLayer('Name', 'classification')];
36

37 % Set training options
38 options = trainingOptions('sgdm', ...
39 'InitialLearnRate', 0.1, ...
40 'LearnRateSchedule', 'piecewise', ...
41 'LearnRateDropPeriod', 30, ...
42 'LearnRateDropFactor', 0.1, ...
43 'MaxEpochs', 45, ...
44 'ValidationData', {valImages, valLabels}, ...
45 'ValidationFrequency', 30, ...
46 'Verbose', false, ...



47 'Plots', 'training-progress');
48

49 % Train network without Dropout
50 net_no_dropout = trainNetwork(trainImages, trainLabels,

layers_no_dropout, options);
51

52 % Function to load CIFAR-10 data
53 function [trainImages, trainLabels, valImages, valLabels] =

loadCIFAR10(cifar10Data)
54 [trainImages, trainLabels] = loadBatch(fullfile(cifar10Data, '

data_batch_1.mat'));
55 for i = 2:5
56 [images, labels] = loadBatch(fullfile(cifar10Data, ['data_batch_'

num2str(i) '.mat']));
57 trainImages = cat(4, trainImages, images);
58 trainLabels = [trainLabels; labels];
59 end
60 [valImages, valLabels] = loadBatch(fullfile(cifar10Data, '

test_batch.mat'));
61 end
62

63 function [images, labels] = loadBatch(filename)
64 load(filename, 'data', 'labels');
65 images = reshape(data', 32, 32, 3, []);
66 images = permute(images, [2 1 3 4]);
67 labels = categorical(labels);
68 end

Listing 3: MATLAB code for loading and training neural networks
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