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8. Appendix
%% Complete Lithology Classification Framework
% Models: DT, KNN, SVM, NN
% Includes: Accuracy, Confusion Matrix, Precision, Recall, F1, Kappa,
% RMSE, ROC, Taylor Diagram
% Hyperparameters: exactly based on user's table
clc; clear; close all;
%% ---------------------------------------------------------
% STEP 1 – Load Data
%% ---------------------------------------------------------
data = readtable('lithology_data.csv');
X = table2array(data(:, {'DT','GR','LLD','LLS','NPHI','RHOB'}));
Y = categorical(data.Lithology);
classes = categories(Y);
numClasses = numel(classes);
%% ---------------------------------------------------------
% STEP 2 – Train/Test Split
%% ---------------------------------------------------------
cv = cvpartition(Y, 'Holdout', 0.3);
XTrain = X(training(cv), :);
YTrain = Y(training(cv));
XTest = X(test(cv), :);
YTest = Y(test(cv));

%% Helper function
onehot = @(label) grp2idx(label);
%% ---------------------------------------------------------
% MODEL 1 – DECISION TREE (DT)
%% ---------------------------------------------------------
DTmodel = fitctree(XTrain, YTrain, ...
    'SplitCriterion','gdi', ...     
    'MinParentSize',2, ...
    'MaxNumSplits', size(XTrain,1));
YPred_DT = predict(DTmodel, XTest);
acc_DT = mean(YPred_DT == YTest);
%% ---------------------------------------------------------
% MODEL 2 – K-NEAREST NEIGHBORS (KNN)
%% ---------------------------------------------------------
KNNmodel = fitcknn(XTrain, YTrain, ...
    'NumNeighbors',5, ...
    'Distance','euclidean', ...
    'DistanceWeight','uniform');
YPred_KNN = predict(KNNmodel, XTest);
acc_KNN = mean(YPred_KNN == YTest);
%% ---------------------------------------------------------
% MODEL 3 – SVM
%% ---------------------------------------------------------
t = templateSVM(...
    'KernelFunction','rbf', ...
    'BoxConstraint',1.0, ...
    'KernelScale','auto');
SVMmodel = fitcecoc(XTrain, YTrain, 'Learners',t);
YPred_SVM = predict(SVMmodel, XTest);
acc_SVM = mean(YPred_SVM == YTest);
%% ---------------------------------------------------------
% MODEL 4 – NEURAL NETWORK (64-32-16)
%% ---------------------------------------------------------
layers = [
    featureInputLayer(6)
    fullyConnectedLayer(64)
    reluLayer
    fullyConnectedLayer(32)
    reluLayer
    fullyConnectedLayer(16)
    reluLayer
    fullyConnectedLayer(numClasses)
    softmaxLayer
    classificationLayer
];
options = trainingOptions('adam', ...
    'MaxEpochs',100, ...
    'InitialLearnRate',0.001, ...
    'MiniBatchSize',32, ...
    'Verbose',false);
NNmodel = trainNetwork(XTrain, YTrain, layers, options);
YPred_NN = classify(NNmodel, XTest);
acc_NN = mean(YPred_NN == YTest);
%% ---------------------------------------------------------
% STEP 3 – Compute Metrics for All Models
%% ---------------------------------------------------------
models = {'DT','KNN','SVM','NN'};
predictions = {YPred_DT, YPred_KNN, YPred_SVM, YPred_NN};
Accuracy = zeros(1,4);
Kappa = zeros(1,4);
RMSE = zeros(1,4);
for i = 1:4
    Yp = predictions{i};
    % Accuracy
    Accuracy(i) = mean(Yp == YTest);
    % Confusion Matrix
    C = confusionmat(YTest, Yp);
    
    % Kappa
    total = sum(C(:));
    po = sum(diag(C))/total;
    pe = sum(sum(C,1).*sum(C,2)) / total^2;
    Kappa(i) = (po - pe) / (1 - pe);
    % RMSE (numeric)
    Yi = onehot(YTest);
    Ypi = onehot(Yp);
    RMSE(i) = sqrt(mean((Yi - Ypi).^2));
end
%% ---------------------------------------------------------
% STEP 4 – Display Main Results
%% ---------------------------------------------------------
fprintf("\n===== PERFORMANCE SUMMARY =====\n");
fprintf("DT   → Accuracy: %.2f%% | Kappa: %.3f | RMSE: %.3f\n", Accuracy(1)*100, Kappa(1), RMSE(1));
fprintf("KNN  → Accuracy: %.2f%% | Kappa: %.3f | RMSE: %.3f\n", Accuracy(2)*100, Kappa(2), RMSE(2));
fprintf("SVM  → Accuracy: %.2f%% | Kappa: %.3f | RMSE: %.3f\n", Accuracy(3)*100, Kappa(3), RMSE(3));
fprintf("NN   → Accuracy: %.2f%% | Kappa: %.3f | RMSE: %.3f\n", Accuracy(4)*100, Kappa(4), RMSE(4));
%% ---------------------------------------------------------
% STEP 5 – Bar Chart
%% ---------------------------------------------------------
figure;
bar(Accuracy*100);
set(gca,'XTickLabel',models,'FontSize',12);
ylabel('Accuracy (%)');
title('Model Performance Comparison');
grid on;
%% ---------------------------------------------------------
% STEP 6 – Confusion Matrices
%% ---------------------------------------------------------
for i = 1:4
    figure;
    confusionchart(YTest, predictions{i});
    title(['Confusion Matrix – ' models{i}]);
end
%% ---------------------------------------------------------
% STEP 7 – ROC CURVES
%% ---------------------------------------------------------
figure; hold on;
for i = 1:4
    score = double(onehot(predictions{i}));
    true = onehot(YTest);
    [Xroc,Yroc,~,AUC] = perfcurve(true, score(:,1), 1);
    plot(Xroc,Yroc,'LineWidth',2);
end
legend(models,'Location','best');
xlabel('False Positive Rate');
ylabel('True Positive Rate');
title('ROC Curves');
%% ---------------------------------------------------------
% STEP 8 – Taylor Diagram
%% ---------------------------------------------------------
std_ref = std(onehot(YTest));
corr_values = zeros(1,4);
std_values = zeros(1,4);
for i = 1:4
    p = onehot(predictions{i});
    t = onehot(YTest);
    corr_values(i) = corr(p, t);
    std_values(i) = std(p);
end
figure;
taylor_diagram(std_ref, std_values, corr_values, models);
title('Taylor Diagram for ML Models');

