
Mat lab code  for ELM

%% Set up the Import Options and import the data
opts = spreadsheetImportOptions("NumVariables", 4);

% Specify sheet and range
opts.Sheet = "Sheet2";
opts.DataRange = "A3:D33";

% Specify column names and types
opts.VariableNames = ["year", "naturalGasEmmission", "coalEmmission", "petroleumEmission"];
opts.VariableTypes = ["double", "double", "double", "double"];

% Import the data
emmissiondataS1 = readtable("/Users/ekaterinagluhova/Desktop/carbon managment/data for ARTICLE 1 .xlsx", opts, "UseExcel", false)


% Step 1: Prepare the data

X_train = emmissiondataS1.year;
y_train = emmissiondataS1.naturalGasEmmission;

% Step 2: Normalize the input data (optional but recommended)
X_train_normalized = normalize(X_train);

% Step 3: Set the parameters for ELM
hidden_nodes = 100;  % Number of hidden nodes

% Step 4: Generate random input weights and biases
input_weights = rand(hidden_nodes, 1);
biases = rand(hidden_nodes, 1);

% Step 5: Compute the hidden layer output matrix
H_train = sigmoid(X_train_normalized * input_weights' + biases');

% Step 6: Solve the output weights using Moore-Penrose pseudo-inverse
output_weights1 = pinv(H_train) * y_train;

% Step 7: Predict the output for training and testing data
y_train_pred = H_train * output_weights1


% Step 8: Calculate the performance metrics (e.g., mean squared error)
mse_train = mean((y_train - y_train_pred).^2);

% Step 9: Display the results
disp("ELM Results:");
disp("Training MSE: " + num2str(mse_train));

% Step 10: Plot the original and forecasted data
figure;
plot(X_train, y_train, 'b', 'LineWidth', 2);
hold on;
plot(X_train, y_train_pred, 'r--', 'LineWidth', 2);
hold off;
title('Original vs. Forecasted Data');
xlabel('Year');
ylabel('naturalGasEmmission');
legend('Original (Train)', 'Forecasted (Train)');
grid on;

Mat lab code  for SVM
%% Set up the Import Options and import the data
opts = spreadsheetImportOptions("NumVariables", 4);

% Specify sheet and range
opts.Sheet = "Sheet2";
opts.DataRange = "A3:D33";

% Specify column names and types
opts.VariableNames = ["year", "naturalGasEmmission", "coalEmmission", "petroleumEmission"];
opts.VariableTypes = ["double", "double", "double", "double"];

% Import the data
emmissiondataS1 = readtable("/Users/ekaterinagluhova/Desktop/carbon managment/data for ARTICLE 1 .xlsx", opts, "UseExcel", false)


% Step 1: Prepare the data
X_train = emmissiondataS1.year;
y_train = emmissiondataS1.naturalGasEmmission;


% Step 2: Train the SVM regression model
svmModel = fitrsvm(X_train, y_train, 'KernelFunction', 'gaussian');

% Step 3: Predict the output for training and testing data
y_train_pred = predict(svmModel, X_train)

% Step 4: Calculate the performance metrics (e.g., mean squared error)
mse_train = mean((y_train - y_train_pred).^2);


% Step 5: Display the results
disp("SVM Regression Results:");
disp("Training MSE: " + num2str(mse_train));

% Step 10: Plot the original and forecasted data
figure;
plot(X_train, y_train, 'b', 'LineWidth', 2);
hold on;
plot(X_train, y_train_pred, 'r--', 'LineWidth', 2);
hold off;
title('Original vs. Forecasted Data');
xlabel('Year');
ylabel('naturalGasEmmission');
legend('Original (Train)', 'SVM-Forecasted (Train)');
grid on;

Mat lab code  for SVM-ELM

%% Set up the Import Options and import the data
opts = spreadsheetImportOptions("NumVariables", 4);

% Specify sheet and range
opts.Sheet = "Sheet2";
opts.DataRange = "A3:D33";

% Specify column names and types
opts.VariableNames = ["year", "naturalGasEmmission", "coalEmmission", "petroleumEmission"];
opts.VariableTypes = ["double", "double", "double", "double"];

% Import the data
emmissiondataS1 = readtable("/Users/ekaterinagluhova/Desktop/carbon managment/data for ARTICLE 1 .xlsx", opts, "UseExcel", false)

% Step 1: Prepare the data
X_train = emmissiondataS1.year;
y_train = emmissiondataS1.naturalGasEmmission;

% Step 2: Normalize the input data (optional but recommended)
X_train_normalized = normalize(X_train);

% Step 3: Set the parameters for ELM
hidden_nodes = 100;  % Number of hidden nodes

% Step 4: Generate random input weights and biases for ELM
input_weights = rand(hidden_nodes, size(X_train_normalized, 2));
biases = rand(hidden_nodes, 1);

% Step 5: Compute the hidden layer output matrix using ELM
H_train = sigmoid(X_train_normalized * input_weights' + biases');

% Step 6: Train the SVM regression model using ELM outputs
svmModel = fitrsvm(H_train, y_train, 'KernelFunction', 'gaussian');

% Step 7: Predict the output for training and testing data using ELM-SVM
y_train_pred = predict(svmModel, H_train)


% Step 8: Calculate the performance metrics (e.g., mean squared error)
mse_train = mean((y_train - y_train_pred).^2);


% Step 9: Display the results
disp("SVM-ELM Results:");
disp("Training MSE: " + num2str(mse_train));

% Step 10: Plot the original and forecasted data
figure;
plot(X_train, y_train, 'b', 'LineWidth', 2);
hold on;
plot(X_train, y_train_pred, 'r--', 'LineWidth', 2);
hold off;
title('Original vs. Forecasted Data');
xlabel('Year');
ylabel('naturalGasEmmission');
legend('Original (Train)', 'SVM-ELM Forecasted (Train)');
grid on;



Mat lab code  for GM & SVM-ELM

%% Set up the Import Options and import the data
opts = spreadsheetImportOptions("NumVariables", 4);

% Specify sheet and range
opts.Sheet = "Sheet2";
opts.DataRange = "A3:D33";

% Specify column names and types
opts.VariableNames = ["year", "naturalGasEmmission", "coalEmmission", "petroleumEmission"];
opts.VariableTypes = ["double", "double", "double", "double"];

% Import the data
emmissiondataS1 = readtable("/Users/ekaterinagluhova/Desktop/carbon managment/data for ARTICLE 1 .xlsx", opts, "UseExcel", false)


Data pre-processing
splitting the data into testing and training data
% Split the data into training and testing sets
cv = cvpartition(size(emmissiondataS1, 1), 'HoldOut', 0.2); % 80% for training, 20% for testing
trainingData = emmissiondataS1(training(cv), :);
testingData = emmissiondataS1(test(cv), :);

% Display the training and testing sets
disp("Training Data:");
disp(trainingData);
disp("Testing Data:");
disp(testingData);

% Step 1: Prepare the data
x_train1 = emmissiondataS1.year;
y_train1 = emmissiondataS1.naturalGasEmmission;
X_test = testingData.year;

% Step 2: Normalize the input data 
X_train_normalized = normalize(x_train1);
X_test_normalized = normalize(X_test);  

%Step 3: Implement Grey Prediction on the training data
% Use the Grey Prediction algorithm (GM(1,1)) on the training data to forecast naturalGasEmmission
n = numel(y_train1);  % Number of data points

% Accumulated Generation (AG) sequence
AG = cumsum(y_train1);

% Calculate the coefficient matrix B
B = [-0.5*(AG(1:n-1) + AG(2:n)), ones(n-1, 1)];

% Estimate the parameters a and b
AB = pinv(B) * y_train1(2:n);

a = AB(1);
b = AB(2);

% Compute the predicted NATGAS emission using the Grey Prediction model
NATGAS_emission = AG(1) - (b/a) * exp(-a*(1:n)) - (1 - exp(-a*(1:n))) * (AG(1) - b/a);


% Step 4: Set the parameters for ELM
hidden_nodes = 100;  % Number of hidden nodes

% Generate random input weights and biases for ELM
input_weights = rand(hidden_nodes, size(X_train_normalized, 2));
biases = rand(hidden_nodes, 1);

% Step 5: Compute the hidden layer output matrix using ELM
H_train = sigmoid(X_train_normalized * input_weights' + biases');
H_test = sigmoid(X_test_normalized * input_weights' + biases');

% Step 6: Train the SVM regression model using ELM outputs and predicted
% emission
svmModel = fitrsvm([H_train NATGAS_emission'], y_train1, 'KernelFunction', 'gaussian');

% Step 7: Predict the output for the testing data using ELM-SVM
y_test_pred = predict(svmModel, [H_test NATGAS_emission(test(cv))']);

% Step 8: Predict the output for the entire range (1990-2020) using ELM-SVM
X_extended = (1990:2020)';
X_extended_normalized = normalize(X_extended);
H_extended = sigmoid(X_extended_normalized * input_weights' + biases');
NATGAS_emission_extended = AG(1) - (b/a) * exp(-a*(1:numel(X_extended))) - (1 - exp(-a*(1:numel(X_extended)))) * (AG(1) - b/a);
y_extended_pred = predict(svmModel, [H_extended NATGAS_emission_extended']);

% Step 9: Calculate the performance metrics (e.g., mean squared error) for the testing data
mse_test = mean((testingData.naturalGasEmmission - y_test_pred).^2);

% Step 10: Calculate the performance metrics (e.g., mean squared error) for the extended range
mse_extended = mean((y_extended_pred(1:31) - y_train1).^2);

% Step 11: Display the results
disp("SVM-ELM with Grey Prediction Results:");
disp("Testing MSE: " + num2str(mse_test));
disp("Extended Range MSE: " + num2str(mse_extended));

% Step 11: Plot the original, predicted, and extended forecasted data
figure;
plot(x_train1, y_train1, 'b', 'LineWidth', 2);
hold on;
plot(X_extended, y_extended_pred, 'k--', 'LineWidth', 2);
hold off;
title('SVM-ELM G(1,1) Model Forecast for Natural Gas Carbon Emmission ');
xlabel('Year');
ylabel('naturalGasEmmission');
legend('Original', 'svm-elm g(1,1) fit', 'Extended Forecast');
grid on;

