% MATLAB Code for Factor and Objective Correlation Analysis
% This script analyzes the correlation (linear relationship) between the 5
% input factors (F1, F2, F3, F5, F4-Grid) and the 5 LCA objectives.

% 1. Load Data using the correct filename and ensure consistent header parsing
% The file is a CSV disguised as an XLSX, so we use the full CSV name for safety.
% VariableNamingRule 'preserve' is used to correctly capture names like 'HClRegen Energy', 
% but we will continue to use indexing for robustness.
T = readtable('objective_matrix.xlsx', 'VariableNamingRule', 'preserve', 'HeaderLines', 1);

% 2. Prepare Objective Data (RAW) - Accessing by clean variable name (starting from Column 7)
% The objective headers (GWP, FPM, TA, WC, CED) are simple and should work directly.
Objective_GWP_RAW = T.GWP;
Objective_FPM_RAW = T.FPM;
Objective_TA_RAW = T.TA;
Objective_WC_RAW = T.WC;
Objective_CED_RAW = T.CED;

Objectives_RAW = [Objective_GWP_RAW, Objective_FPM_RAW, Objective_TA_RAW, Objective_WC_RAW, Objective_CED_RAW];
objective_names = {'GWP', 'FPM', 'TA', 'WC', 'CED'};

% 3. Prepare Factor Data (INPUTS) - Switching to column index access for robustness
% The Factor columns start from index 2 in the latest file structure:
% Index 2: HClRecycled (F1)
% Index 3: HClRegen Energy (F2)
% Index 4: ReburningE (F3)
% Index 5: DistillationConsump (F5)
% Index 6: GridSource (F4)

% F1 (HCl Recycled) is column 2 (numerical)
Factor_F1 = T{:, 2};

% F2 (HCl Regen Energy) is column 3 (categorical)
Factor_F2_text = T{:, 3};
Factor_F2 = zeros(size(Factor_F2_text));
Factor_F2(strcmp(Factor_F2_text, 'Base')) = 0.5; % Mid-point assumption for 'Base'
Factor_F2(strcmp(Factor_F2_text, '0% (Waste Heat)')) = 0; % Lowest value (best)
Factor_F2(strcmp(Factor_F2_text, '+0.1')) = 1; % Highest value (worst)

% F3 (Reburning E) is column 4 (categorical)
Factor_F3_text = T{:, 4};
Factor_F3 = zeros(size(Factor_F3_text));
Factor_F3(strcmp(Factor_F3_text, 'Base')) = 0.5;
Factor_F3(strcmp(Factor_F3_text, '0.1')) = 1;
Factor_F3(strcmp(Factor_F3_text, '-0.1')) = 0;

% F5 (Distillation Consump) is column 5 (categorical)
Factor_F5_text = T{:, 5};
Factor_F5 = zeros(size(Factor_F5_text));
Factor_F5(strcmp(Factor_F5_text, 'Base')) = 0.5;
Factor_F5(strcmp(Factor_F5_text, '0.1')) = 1;
Factor_F5(strcmp(Factor_F5_text, '-0.1')) = 0;

% F4 (Grid Source) is column 6 (categorical)
Factor_F4_text = T{:, 6};
Factor_F4 = zeros(size(Factor_F4_text));
Factor_F4(strcmp(Factor_F4_text, 'Current')) = 1; % Assign 1 to 'Current' (Higher GWP/CED)
Factor_F4(strcmp(Factor_F4_text, '50% Renew')) = 0; % Assign 0 to '50% Renew' (Lower GWP/CED)

% Consolidated Factor Matrix
Factors = [Factor_F1, Factor_F2, Factor_F3, Factor_F5, Factor_F4];
factor_names = {'F1 (HCl Recycled)', 'F2 (Regen Energy)', 'F3 (Reburning E)', 'F5 (Distil Consump)', 'F4 (Grid: Current=1)'};

% 4. Calculate Factor-Objective Correlation Matrix
% Correlate the Objectives (columns 1-5) with the Factors (rows 1-5)
% Note: corr(X, Y) calculates correlation between columns of X and columns of Y.
% We want Objectives (Y) vs Factors (X), so we use corr(Factors, Objectives_RAW).
factor_objective_correlation = corr(Factors, Objectives_RAW);

% 5. Display the Results
disp(' ');
disp('====================================================');
disp('  Factor-Objective Correlation Analysis (r value)');
disp('====================================================');
disp('Rows: Input Factors | Columns: LCA Objectives');
disp(' ');
disp('Interpretation:');
disp(' - Positive r: Factor INCREASE (e.g., F1=0.97, F4=Current) worsens the Objective.');
disp(' - Negative r: Factor INCREASE (e.g., F1=0.97, F4=Current) improves the Objective.');
disp(' ');

disp(array2table(factor_objective_correlation, .
'RowNames', factor_names, ...
    'VariableNames', objective_names));

% 6. Interpretation Summary (Focus on the major drivers for GWP/CED and WC)
disp(' ');
disp(array2table(factor_objective_correlation, ...
% Find the factor most correlated with the GWP/CED cluster (highly synergistic)
% We can just use GWP as the proxy for the entire cluster since r is so high.
[max_corr_GWP, idx_GWP] = max(abs(factor_objective_correlation(:, 1))); % Index of max absolute correlation with GWP

% Find the factor most correlated with WC (the isolated objective)
[max_corr_WC, idx_WC] = max(abs(factor_objective_correlation(:, 4))); % Index of max absolute correlation with WC

fprintf('\nPrimary Driver for GWP/FPM/TA/CED Cluster:');
fprintf('\n- Factor: %s (r = %.2f with GWP)', factor_names{idx_GWP}, factor_objective_correlation(idx_GWP, 1));

fprintf('\n\nPrimary Driver for Water Consumption (WC):');
fprintf('\n- Factor: %s (r = %.2f)', factor_names{idx_WC}, factor_objective_correlation(idx_WC, 4));

fprintf('\n\nRecommendation: The factor driving WC is completely independent of the factors driving the massive GWP/CED cluster, confirming the isolated nature of the trade-off.\n');
