[bookmark: _Toc127193258]SUPPLEMENTARY FILE I: MATLAB CODE WITH DATA
%% constraint file saved as “constraints.m”
function [c,ceq] = constraints(Input)
pMg = Input(1); % percentage of Mg
pAl = Input(2); % percentage of Al
pCu = Input(3); % percentage ofCu
pMn = Input(4); % percentage of Mn
pZn = Input(5); % percentage ofZn

rho_Mg=1.738;
rho_Al=2.7;
rho_Cu=8.96;
rho_Mn=7.26;
rho_Zn=7.133;

c(1) = pAl+pZn<=10; % Limit for Al and Zn
ceq(1) = pMg+pAl+pCu+pMn+pZn==100; % total percentage
c(2) = 100/((pMg/rho_Mg)+(pAl/rho_Al)+(pCu/rho_Cu)+(pMn/rho_Mn)+(pZn/rho_Zn))<=2.15; % upper bound density
c(3) = 100/((pMg/rho_Mg)+(pAl/rho_Al)+(pCu/rho_Cu)+(pMn/rho_Mn)+(pZn/rho_Zn))>=1.74; % lower bound for density
end
%% function saved as “multi_objective_function.m”
function Output = multi_objective_function(Input)
pMg = Input(1); % percentage of Mg
pAl = Input(2); % percentage of Al
pCu = Input(3); % percentage ofCu
pMn = Input(4); % percentage of Mn
pZn = Input(5); % percentage ofZn
m = 195.0574;
n = -0.5690;
q = 345.7493;
r = -0.3653;
s = 77.4775;
t = 0.06038;
rho_Mg=1.738;
rho_Al=2.7;
rho_Cu=8.96;
rho_Mn=7.26;
rho_Zn=7.133;
F1 = m*(100/((pMg/rho_Mg)+(pAl/rho_Al)+(pCu/rho_Cu)+(pMn/rho_Mn)+(pZn/rho_Zn)))^n; % objective 1
F2 = s*(100/((pMg/rho_Mg)+(pAl/rho_Al)+(pCu/rho_Cu)+(pMn/rho_Mn)+(pZn/rho_Zn)))^t; % objective 2
F3 =  q*(100/((pMg/rho_Mg)+(pAl/rho_Al)+(pCu/rho_Cu)+(pMn/rho_Mn)+(pZn/rho_Zn)))^r; % objective 3
Output = [F1 F2 F3];
%% main code for optimization
clear
close all
clc
% Author: Robert Kennedy Otieno
% Email: robertkotieno2022@gmail.com
% Code for constrained multiobjective ga optimization of properties of HEA alloy of magnesium by
% variation of alloy composition
% Copyright document produced as part of MSc Thesis
% The alloying elements are Al, Cu, Mn and Zn
% We input data for analysis
mydata=[92.05,5.3,0,0.15,2.5,1.81,254,94,101;
    92.05,5.3,0,0.15,2.5,1.81,232,122,102;
    92.1,0,2.4,0,5.5,1.85,210,125,104;
    92.9,6.5,0,0.6,0,1.79,225,130,100;
    93,6,0,0,1,1.78,260,129,99.5;
    95.34,4.4,0,0.26,0,1.77,210,125,99;
    20,20,20,20,20,4.3,717,450,150;
    45,13.75,13.75,13.75,13.75,2.71,486,284,151;
    45.6,13.6,13.6,13.6,13.6,2.53,454,265,141;
    50,12.5,12.5,12.5,12.5,2.2,394,230,123;
    80,10,5,5,0,1.68,328,228,46.4;
    80,5,5,5,5,2.15,318,211,49.35];

% Log linear Regression of variables YS, UTS, Density and E
matrix=mydata;
cols2retain=[6 7 8 9];
anovatable=matrix(:,cols2retain);
% Performing ANOVA to find whether variation of compositions significantly influence density, UTS, YS and E
nmbcols=4; % number of replications
[~,~,stats] = anova2(anovatable,nmbcols); % Two-way ANOVA of composition density, YS, UTS and E

YScol=8; % Define YS column
YS=matrix(:,YScol);
Ecol=9; % Define E column
E=matrix(:,Ecol);
Rhocol=6; % Define density column
Rho=matrix(:,Rhocol);
UTScol=7; % Define UTS column
UTS=matrix(:,UTScol);
lnYS=log(YS);
lnE=log(E);
lnRho=log(Rho);
lnUTS=log(UTS);
p1 = polyfit(lnE,lnYS,1); % Estimate beta coefficients for lnE
p2 = polyfit(lnE,lnRho,1); % Estimate beta coefficients for lnRho
p3 = polyfit(lnE,lnUTS,1); % Estimate beta coefficients for lnUTS
tau1 = p1(1);
k1 = exp(p1(2)+0.15); %Where 0.15 corrects to take up upprer limit
tau2 = p2(1)+0.234; % Where 0.234 is correction factor for upper limit of 95% confidence
k2 = exp(p2(2)-1.6692); % Where -1.6692 is correction factor for upper limit of 95% confidence
tau3 = p3(1);
k3 = exp(p3(2)+0.1895); % Where 0.1895 is correction factor for upper limit
loglog(E, YS, '.', E, k1*E.^tau1, 'r');
loglog(E, Rho, '.', E, k2*E.^tau2, 'r');
loglog(E, UTS, '.', E, k3*E.^tau3, 'r');
% We define models relating Density(Rho_alloy), YS, E and UTS
m=k1/(k2^(tau1/tau2));
q=k3/k2^(tau3/tau2);
s=(1/k2)^(1/tau2 );
n=tau1/tau2-1;
r=tau3/tau2-1;
t=(1/tau2-1);
% We plot a relationship between Specific strength and density
% specStrengthYS=m*Rho_alloy^n
% For 1.74<=Rho_alloy<=2
% Rho_alloy=1.74:0.01:2;
% specStrength=m*Rho_alloy^n;
% specStrength=YS/Density=m*Rho_alloy^n
%% We define columns of percentage composition of alloying elements
matrix=mydata;
Mgcol=1;
Mg=matrix(:,Mgcol);
Alcol=2;
Al=matrix(:,Alcol);
Cucol=3;
Cu=matrix(:,Cucol);
Mncol=4;
Mn=matrix(:,Mncol);
Zncol=5;
Zn=matrix(:,Zncol);
% We define  densities of Mg and alloying elements
rho_Mg=1.738; % Density of Mg
rho_Al= 2.70; % Density of Al
rho_Cu= 8.96; % Density of Cu
rho_Mn= 7.26; % Density of Mn
rho_Zn= 7.133; % Density of Zn
% Plot three objective functions on the same axis
Rho_alloy = 1.74:0.01:2.15; % We have density ranging from 1.74 to 2.15 g/cc
specStrengthYS=m*Rho_alloy.^n;
specStrengthUTS=q*(Rho_alloy).^r;
specModulus=s*(Rho_alloy ).^t;
plot(Rho_alloy,specStrengthYS);
hold on;
plot(Rho_alloy,specStrengthUTS,'r');
hold on;
plot(Rho_alloy,specModulus,'r');
grid on;
xlabel('Density')
ylabel('Specific Properties')
title('Plot of objectives ''Specific strengths'' and ''Specific Modulus''');
%% Genetic algorithm
% Create optimization variables
nvars = 5;
lb = [90  8 0.1 0.15 0.5];
ub = [94.25 9 0.5 0.5 2];
rng default % For reproducibility
% Set nondefault gamultiobj solver options
options = optimoptions("gamultiobj","PopulationSize",50,"CrossoverFraction",0.8,"MutationFcn",...
    "mutationpositivebasis","UseParallel",false,"SelectionFcn",[],"ConstraintTolerance",1e-6,"ParetoFraction",0.35,"Display",'iter',"PlotFcn",...
    ["gaplotselection","gaplotpareto"]);
% Solve
[solution,objectiveValue] = gamultiobj(@multi_objective_function,nvars,[],[],...
    [],[],lb,ub,@constraints,[],options);
% Clear variables
clearvars options
%% Post optimization processing
% optimal percentage composition
i=1:1:5;
mysum=sum(abs(solution(:,i))); %total of solution
pcMg=solution(:,1)*100/mysum; % Optimal percentage of Mg
pcAl=solution(:,2)*100/mysum; % Optimal percentage of Al
pcCu=solution(:,3)*100/mysum; % Optimal percentage of Cu
pcMn=solution(:,4)*100/mysum; % Optimal percentage of Mn
pcZn=solution(:,5)*100/mysum; % Optimal percentage of Zn
fprintf('Percentage composition of \n');
fprintf('Mg=%f %% \n',pcMg);
fprintf('Al=%f %% \n',pcAl);
fprintf('Cu=%f %% \n',pcCu);
fprintf('Mn=%f %% \n',pcMn);
fprintf('Zn=%f %% \n',pcZn);
% Optimal values of specific properties
fprintf('specific strength in kPa*m^3/kg with YS= %f \n',objectiveValue(:,1))
fprintf('specific strength in kPa*m^3/kg with UTS= %f \n',objectiveValue(:,3))
fprintf('specific modulus in MPa*m^3/kg= %f \n',objectiveValue(:,2))
%Optimal 
Rho_optimal=100/(pcMg/rho_Mg+pcAl/rho_Al+pcCu/rho_Cu+pcMn/rho_Mn+pcZn/rho_Zn);
% Optimal values of strengths and modulus
YS_optimal=objectiveValue(:,1)*Rho_optimal;
UTS_optimal=objectiveValue(:,3)*Rho_optimal;
E_optimal=objectiveValue(:,2)*Rho_optimal;
fprintf('Optimal density in g/cm^3 = %f ',Rho_optimal);
fprintf('Optimal value of YS in MPa= %f ',YS_optimal);
fprintf('Optimal value of UTS in MPa= %f ',UTS_optimal);
fprintf('Optimal value of E in GPa= %f ',E_optimal);


