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function netbp
% NETBP - Neural network using backpropagation for training

TR Bl DT Tt h T Tt ottt to e tohtolatohtoTotoTo o To o To o To o to o To o to o to To o To o To o To o To o Yo o %o o T

%hthhhh Initial Setup %hhhhhhhhhhh
% Input data

x1 = [0.1, 0.3, 0.1, 0.6, 0.4, 0.6, 0.5, 0.9, 0.4

x2 = [0.1, 0.4, 0.5, 0.9, 0.2, 0.3, 0.6, 0.2, 0.4, 0.6];
% Output labels

y = [ones(1, 5), zeros(1l, 5); zeros(l, 5), omnes(1l, 5)];

% Initialize weights and biases
rng (5000) ;

W2 = initializeWeights (2, 2);
W3 = initializeWeights(3, 2);
W4 = initializeWeights(2, 3);
b2 = initializeWeights(2, 1);
b3 = initializeWeights(3, 1);
b4 = initializeWeights(2, 1);

% Training settings

eta = 0.05; % Learning rate
Niter = 1e6; % Number of iterations
savecost = zeros(Niter, 1); J Cost function value at each iteration

% Training loop

for counter = 1:Niter

k = randi(10); 7% Choose a random training sample
x = [x1(k); x2(k)];

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

% Backward pass and weight update

[W2, W3, W4, b2, b3, b4] = backPropagation(x, y(:, k), a2, a3, a4,

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

% Compute and save cost function value

savecost (counter) = computeCost(xl, x2, y, W2, W3, W4, b2, b3, b4d);

end

% Plot cost function decay
semilogy(1:1e4:Niter, savecost(l:1ed:Niter));
xlabel('Iteration');

ylabel('Cost');

title('Cost Function Decay');

grid om;

hhnhehnhhhhhh Helper Functions hkhhhhhhhhhhh

% Function to initialize weights

function W = initializeWeights(rows, cols)
W = 0.5 * randn(rows, cols);

end
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% Function for forward pass

function [a2, a3, a4] = forwardPass(x, W2, W3, W4, b2, b3, b4)
a2 = activate(x, W2, b2);

a3 = activate(a2, W3, b3);

a4 = activate(a3, W4, b4);

end

% Function for backpropagation and updating weights
function [W2, W3, W4, b2, b3, b4] = backPropagation(x, y, a2, a3,
a4, W2, W3, W4, b2, b3, b4, eta)

deltad = a4 .*x (1 - a4) .*x (ad - y);
delta3d = a3 .* (1 - a3) .* (W4' * deltad);
delta2 = a2 .* (1 - a2) .x (W3' * delta3);

W4 = W4 - eta * deltad * a3';
W3 = W3 - eta * delta3 * a2';
W2 = W2 - eta * delta2 * x';
b4 = b4 - eta * deltad;
b3 = b3 - eta * delta3;
b2 = b2 - eta * delta2;

end

% Function to compute cost

function costval = computeCost(xl, x2, y, W2, W3, W4, b2, b3, b4d)
costvec = zeros (10, 1);

for i = 1:10

x = [x1(1); x2(i)]1;

[a2, a3, a4] = forwardPass(x, W2, W3, W4, b2, b3, b4d);

costvec(i) = norm(y(:, i) - a4, 2);
end

costval = norm(costvec, 2)72;

end

% Activation function (sigmoid)
function a = activate(x, W, b)
a=1./ (1 + exp(-(W *x x + b)));
end

end

% Second MATLAB Code Block

Listing 1: Neural Network with Backpropagation
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function y = activate(x, W, b)
% ACTIVATE - Computes the sigmoid function output

% This function takes the input vector x and computes the sigmoid
% output by applying weights and biases.

h

% Inputs:

yA x - Input vector (n x 1)

% W - Weight matrix (m x n)

% b - Bias vector (m x 1)

h

% Output:

yA y - Sigmoid output vector (m x 1)
YA

% Computation:
% y=1./ (1 + exp(-(W * x + b)));

% Compute sigmoid output

z =W x*x x + b; % Linear combination of inputs

y=1./ (1 + exp(-2)); % Apply sigmoid function to the linear
combination

end

Listing 2: Activation Function
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% Load CIFAR-10 dataset

cifariOData = fullfile(tempdir, 'cifari10');

cifar10URL = 'https://www.cs.toronto.edu/~kriz/cifar-10-matlab.tar.
gz';

% Download and extract CIFAR-10 dataset

if ~exist(cifariOData, 'dir')

disp('Downloading CIFAR-10 dataset...');

downloadFolder = tempdir;

cifar10TarFile = fullfile(downloadFolder, 'cifar-10-matlab.tar.gz')

websave (cifar10TarFile, cifar1OURL);
untar (cifar10TarFile, cifari0OData);
end

% Load CIFAR-10 data

cifariOData = fullfile(cifariOData, 'cifar-10-batches-mat');

[trainImages, trainLabels, vallmages, valLabels] = loadCIFAR10(
cifariOData);

% Define neural network layers without Dropout

layers_no_dropout = [

imageInputLayer ([32 32 3], 'Name', 'input')

convolution2dLayer (5, 32, 'Padding', 2, 'Stride', 1, 'Name', 'convl
D)

batchNormalizationLayer ('Name', 'bnil')

relulayer ('Name', 'relul')

maxPooling2dLayer (3, 'Stride', 2, 'Padding', [0 1 0 1], 'Name', '
pooll!')

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

relulLayer ('Name', 'relu2')

averagePooling2dLayer (3, 'Stride', 2, 'Padding', [0 1 0 1], 'Name',

'pool2")

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

relulayer ('Name', 'relu3')

averagePooling2dLayer (3, 'Stride', 2, 'Padding', [0 1 0 1], 'Name',

'pool3")
convolution2dLayer (4, 64, 'Padding', 0, 'Stride', 1, 'Name', 'conv4
D)
relulayer ('Name', 'relud')
convolution2dLayer (1, 10, 'Padding', 0, 'Stride', 1, 'Name', 'convb
D)

softmaxLayer ('Name', 'softmax')
classificationLayer ('Name', 'classification')];

% Set training options

options = trainingOptions('sgdm',
'InitiallLearnRate', 0.1,
'LearnRateSchedule', 'piecewise',
'LearnRateDropPeriod', 30,
'LearnRateDropFactor', 0.1,

'MaxEpochs', 45, .

'ValidationData', {vallmages, vallLabels},
'ValidationFrequency', 30,

'Verbose', false,




YA

'Plots', 'training-progress');

% Train network without Dropout
net_no_dropout = trainNetwork(trainImages, trainLabels,
layers_no_dropout, options);

% Function to load CIFAR-10 data

function [trainImages, trainLabels, vallmages, valLabels] =
loadCIFAR10(cifari0Data)

[trainImages, trainLabels] = loadBatch(fullfile(cifariOData, '
data_batch_1.mat'));

for i = 2:5

[images, labels] = loadBatch(fullfile(cifariOData, ['data_batch_'
num2str (i) '.mat'l));

trainImages = cat(4, trainImages, images);
trainlLabels = [trainLabels; labels];
end

[valImages, valLabels] = loadBatch(fullfile(cifariOData, '
test_batch.mat'));
end

function [images, labels] = loadBatch(filename)
load(filename, 'data', 'labels');

images = reshape(data', 32, 32, 3, [1);

images = permute(images, [2 1 3 4]);

labels = categorical(labels);

end

Listing 3: MATLAB code for loading and training neural networks
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