Supplementary Materials
A. Functional codes (objective function) for training a neural network
Function [y1] = myNeuralNetworkFunction(x1)
% Input 1
x1_step1.xoffset = [1965;1];
x1_step1.gain = [0.04;0.00547945205479452];
x1_step1.ymin = -1;
% Layer 1
b1 = [-5.0397443039012737;-5.4524985521679881;3.6552183634903814;-1.3348409412135531;-0.99640778954236009;-1.5620972075116204;-0.49697422627156418;0.90272607145750816;1.411915392430402;3.7272377092500522];
IW1_1 = [4.0309527446806745 -3.4566381538300792; 3.606032543699397 3.8926785528571832;-5.584184473019425 5.4152199752488555; 5.1087808461017179 0.4088884281029368; 0.25503154314389137 2.0478347718744443;-4.5759646380427661 -4.1350156937759355;-1.56426987455766 1.1690535732705973;-0.16777029488736336 1.9174062410662143; 3.907289547774456 3.6319352245158094; 0.47030299373361101 3.529893191323215];
% Layer 2
b2 = 0.18047252290454149;
LW2_1 = [-0.070079690311211695 0.078309299592254411 0.064924507331280329 0.02134922157242624 0.5810139535080131 0.38017900235528179 0.13596282424263822 -1.0019966976438752 0.41084832011142658 0.39239318128306838];
% Output 1
y1_step1.ymin = -1;
y1_step1.gain = 0.0510204081632653;
y1_step1.xoffset = 4.7;
% ===== SIMULATION ========
% Dimensions
Q = size(x1,1); % samples
% Input 1
x1 = x1';
xp1 = mapminmax_apply(x1,x1_step1);
% Layer 1
a1 = tansig_apply(repmat(b1,1,Q) + IW1_1*xp1);
% Layer 2
a2 = repmat(b2,1,Q) + LW2_1*a1;
% Output 1
y1 = mapminmax_reverse(a2,y1_step1);
y1 = y1';
end
% Map Minimum and Maximum Input Processing Function
function y = mapminmax_apply(x,settings)
y = bsxfun(@minus,x,settings.xoffset);
y = bsxfun(@times,y,settings.gain);
y = bsxfun(@plus,y,settings.ymin);
end
% Sigmoid Symmetric Transfer Function
function a = tansig_apply(n,~)
a = 2 ./ (1 + exp(-2*n)) - 1;
end
% Map Minimum and Maximum Output Reverse-Processing Function
function x = mapminmax_reverse(y,settings)
x = bsxfun(@minus,y,settings.ymin);
x = bsxfun(@rdivide,x,settings.gain);
x = bsxfun(@plus,x,settings.xoffset);
end

B. The structure of the neural network (in the testing, training, validation, and general phases).
inputs = x;
targets = y;
% Create a Fitting Network
hiddenLayerSize =[15 12];
TF={'tansig','tansig','purelin'};
net = newff(inputs,targets,hiddenLayerSize,TF);
% Choose Input and Output Pre/Post-Processing Functions
% For a list of all processing functions type: help nnprocess
net.inputs{1}.processFcns = {'removeconstantrows','mapminmax'};
net.outputs{2}.processFcns = {'removeconstantrows','mapminmax'};
% Setup Division of Data for Training, Validation, Testing
% For a list of all data division functions type: help nndivide
net.divideFcn = 'dividerand'; % Divide data randomly
net.divideMode = 'sample'; % Divide up every sample
net.divideParam.trainRatio = 65/100;
net.divideParam.valRatio = 15/100;
net.divideParam.testRatio = 20/100;
% For help on training function 'trainlm' type: help trainlm
% For a list of all training functions type: help nntrain
net.trainFcn = 'trainlm'; % Levenberg-Marquardt
% Choose a Performance Function
net.performFcn = 'mse'; % Mean squared error
% Choose Plot Functions
net.plotFcns = {'plotperform','ploterrhist','plotregression','plotfit'};
net.trainParam.showWindow=true;
net.trainParam.showCommandLine=false;
net.trainParam.show=1;
net.trainParam.epochs=500;
net.trainParam.goal=1e-8;
net.trainParam.max_fail=20;
% Train the Network
[net,tr] = train(net,inputs,targets);
% Test the Network
outputs = net(inputs);
errors = gsubtract(targets,outputs);
performance = perform(net,targets,outputs);
% Recalculate Training, Validation and Test Performance
trainInd=tr.trainInd;
trainInputs = inputs(:,trainInd);
trainTargets = targets(:,trainInd);
trainOutputs = outputs(:,trainInd);
trainErrors = trainTargets-trainOutputs;
trainPerformance = perform(net,trainTargets,trainOutputs);
valInd=tr.valInd;
valInputs = inputs(:,valInd);
valTargets = targets(:,valInd);
valOutputs = outputs(:,valInd);
valErrors = valTargets-valOutputs;
valPerformance = perform(net,valTargets,valOutputs);
testInd=tr.testInd;
testInputs = inputs(:,testInd);
testTargets = targets(:,testInd);
testOutputs = outputs(:,testInd);
testError = testTargets-testOutputs;
outputs = net(inputs);
errors = gsubtract(targets,outputs);
performance = perform(net,targets,outputs);
% Recalculate Training, Validation and Test Performance
trainInd=tr.trainInd;
trainInputs = inputs(:,trainInd);
trainTargets = targets(:,trainInd);
trainOutputs = outputs(:,trainInd);
trainErrors = trainTargets-trainOutputs;
trainPerformance = perform(net,trainTargets,trainOutputs);
valInd=tr.valInd;
valInputs = inputs(:,valInd);
valTargets = targets(:,valInd);
valOutputs = outputs(:,valInd);
valErrors = valTargets-valOutputs;
valPerformance = perform(net,valTargets,valOutputs);
testInd=tr.testInd;
testInputs = inputs(:,testInd);
testTargets = targets(:,testInd);
testOutputs = outputs(:,testInd);
testError = testTargets-testOutputs;
hold on
plot(testOutputs(1,:),testOutputs(2,:),'bo')
hold off
C. Determination of mean squared error (MSE) and root mean squared error (RMSE) criteria.
function PlotResults(t,y,name)
figure;
% t and y
subplot(2,2,1);
plot(y,'k');
hold on;
plot(t,'r:');
legend('Outputs','Targets');
title(name);
% Correlation Plot
subplot(2,2,2);
plot(t,y,'ko');
hold on;
xmin=min(min(t),min(y));
xmax=max(max(t),max(y));
plot([xmin xmax],[xmin xmax],'b','LineWidth',2);
R=corr(t',y');
title(['R = ' num2str(R)]);
% e
subplot(2,2,3);
e=t-y;
plot(e,'b');
legend('Error');
MSE=mean(e.^2);
RMSE=sqrt(MSE);
title(['MSE = ' num2str(MSE) ', RMSE = ' num2str(RMSE)]);
subplot(2,2,4);
histfit(e,50);
eMean=mean(e);
eStd=std(e);
title(['\mu = ' num2str(eMean) ', \sigma = ' num2str(eStd)]);
end


