Chapter 2
2.9 Code
%Matlab codes for Example 2.5-1
%Copyright by Author-Hao Xu
clear all;
close all;
clc;
 
% 1. Initiation of parameters
N_user = 2;      P_tot = 700;       len_p = 1;       
T_s = 0.1;       
iter = 1000;        
 
% system dynamics in continuous time
Ac = [1.38 -0.2077 6.715 -5.676;-0.5814 -4.29 0 0.675;1.067 4.273 -6.654 5.893;0.048 4.273 1.343 -2.104];
Bc = [0 0;5.679 0;1.136 -3.146;1.136 0];
 
x_int = [2 5 3 10];
K_s = [-0.2 -0.5 0.5 0.4;-2 -0.2 -2 0.8];
 
Ad = expm(Ac*T_s);
Bd = quadv(@(t)myFun(t,-Ac),0,T_s)*expm(Ac*T_s)*Bc;
 
% special case: only two users
noise1_dB = 15;      % The noise value in dBm for user 1
noise2_dB = 5;       % The noise value in dBm for user 2
 
noise1 = 10^(noise1_dB/10);
noise2 = 10^(noise2_dB/10);
 
% allocate the power based on waterfilling algorithm
if noise1 >= noise2
    p1 = (P_tot - (noise1 - noise2))/2;
else
    p1 = (P_tot + (noise2-noise1))/2;
end
p2 = P_tot - p1;
 
 % Calculating the data rate
 R1 = log2(1+p1/noise1);
 R2 = log2(1+p2/noise2);
 
 delay1 = len_p/R1;
 tuo1 = floor(delay1/T_s);
 val1 = delay1 - tuo1*T_s;
 delay2 = len_p/R2;
 tuo2 = floor(delay2/T_s);
 val2 = delay2 - tuo2*T_s;
 
% User 1 
x1(:,1) = x_int;
u1(:,1) = -K_s*x1(:,1);
if tuo1>1
    for i = 2:tuo1
        x1(:,i) = Ad*x1(:,i-1);
        u1(:,i) = -K_s*x1(:,i);
    end
end
 
B_temp1 = quadv(@(t)myFun(t,-Ac),val1,T_s)*expm(Ac*T_s)*Bc;
B_temp2 = quadv(@(t)myFun(t,-Ac),0,val1)*expm(Ac*T_s)*Bc;
x1(:,tuo1+1) = Ad*x1(:,tuo1) + B_temp1*u1(:,1);
u1(:,tuo1+1) = - K_s*x1(:,tuo1+1);
 
for i = tuo1+2:iter
    x1(:,i) = Ad*x1(:,i-1) + B_temp2*u1(:,i-tuo1-1) + B_temp1*u1(:,i-tuo1);
    u1(:,i) = -K_s*x1(:,i);
end
 
% User 2
x2(:,1) = x_int;
u2(:,1) = -K_s*x2(:,1);
if tuo2>1
    for i = 2:tuo2
        x2(:,i) = Ad*x2(:,i-1);
        u2(:,i) = -K_s*x2(:,i);
    end
end
 
B_tem1 = quadv(@(t)myFun(t,-Ac),val2,T_s)*expm(Ac*T_s)*Bc;
B_tem2 = quadv(@(t)myFun(t,-Ac),0,val2)*expm(Ac*T_s)*Bc;
x2(:,tuo2+1) = Ad*x2(:,tuo2) + B_tem1*u2(:,1);
u2(:,tuo2+1) = - K_s*x2(:,tuo2+1);
 
for i = tuo2+2:iter
    x2(:,i) = Ad*x2(:,i-1) + B_tem2*u2(:,i-tuo2-1) + B_tem1*u2(:,i-tuo2);
    u2(:,i) = -K_s*x2(:,i);
end
 
figure (1)
subplot(2,1,1)
plot(1*T_s:T_s:iter*T_s,x1(1,:),'b-','LineWidth',1.5);
hold on;
plot(1*T_s:T_s:iter*T_s,x1(2,:),'r:','LineWidth',1.5);
plot(1*T_s:T_s:iter*T_s,x1(3,:),'g-.','LineWidth',1.5);
plot(1*T_s:T_s:iter*T_s,x1(4,:),'k--','LineWidth',1.5);
 
subplot(2,1,2)
plot(1:1:iter,x2(1,:),'b-','LineWidth',1.5);
hold on;
plot(1:1:iter,x2(2,:),'r:','LineWidth',1.5);
plot(1:1:iter,x2(3,:),'g-.','LineWidth',1.5);
plot(1:1:iter,x2(4,:),'k--','LineWidth',1.5);
 
% Consider about NCS
 P1_1 = (2^4-1)*noise1;
 P2_1 = (2^4-1)*noise2;
 P_rest = P_tot - P1_1 - P2_1;
 p1 = P1_1;
 p2 = P2_1 + P_rest;
 
 R1 = log2(1+p1/noise1);
 R2 = log2(1+p2/noise2);
 
 delay1 = len_p/R1;
 tuo1 = floor(delay1/T_s);
 val1 = delay1 - tuo1*T_s;
 delay2 = len_p/R2;
 tuo2 = floor(delay2/T_s);
 val2 = delay2 - tuo2*T_s;
 
% User 1 
x1(:,1) = x_int;
u1(:,1) = -K_s*x1(:,1);
if tuo1>1
    for i = 2:tuo1
        x1(:,i) = Ad*x1(:,i-1);
        u1(:,i) = -K_s*x1(:,i);
    end
end
 
B_temp1 = quadv(@(t)myFun(t,-Ac),val1,T_s)*expm(Ac*T_s)*Bc;
B_temp2 = quadv(@(t)myFun(t,-Ac),0,val1)*expm(Ac*T_s)*Bc;
x1(:,tuo1+1) = Ad*x1(:,tuo1) + B_temp1*u1(:,1);
u1(:,tuo1+1) = - K_s*x1(:,tuo1+1);
 
for i = tuo1+2:iter
    x1(:,i) = Ad*x1(:,i-1) + B_temp2*u1(:,i-tuo1-1) + B_temp1*u1(:,i-tuo1);
    u1(:,i) = -K_s*x1(:,i);
end
 
% User 2
x2(:,1) = x_int;
u2(:,1) = -K_s*x2(:,1);
if tuo2>1
    for i = 2:tuo2
        x2(:,i) = Ad*x2(:,i-1);
        u2(:,i) = -K_s*x2(:,i);
    end
end
 
B_tem1 = quadv(@(t)myFun(t,-Ac),val2,T_s)*expm(Ac*T_s)*Bc;
B_tem2 = quadv(@(t)myFun(t,-Ac),0,val2)*expm(Ac*T_s)*Bc;
x2(:,tuo2+1) = Ad*x2(:,tuo2) + B_tem1*u2(:,1);
u2(:,tuo2+1) = - K_s*x2(:,tuo2+1);
 
for i = tuo2+2:iter
    x2(:,i) = Ad*x2(:,i-1) + B_tem2*u2(:,i-tuo2-1) + B_tem1*u2(:,i-tuo2);
    u2(:,i) = -K_s*x2(:,i);
end
 
figure (2)
subplot(2,1,1)
plot(1*T_s:T_s:iter*T_s,x1(1,:),'b-','LineWidth',1.5);
hold on;
plot(1*T_s:T_s:iter*T_s,x1(2,:),'r:','LineWidth',1.5);
plot(1*T_s:T_s:iter*T_s,x1(3,:),'g-.','LineWidth',1.5);
plot(1*T_s:T_s:iter*T_s,x1(4,:),'k--','LineWidth',1.5);
 
subplot(2,1,2)
plot(1*T_s:T_s:iter*T_s,x2(1,:),'b-','LineWidth',1.5);
hold on;
plot(1*T_s:T_s:iter*T_s,x2(2,:),'r:','LineWidth',1.5);
plot(1*T_s:T_s:iter*T_s,x2(3,:),'g-.','LineWidth',1.5);
plot(1*T_s:T_s:iter*T_s,x2(4,:),'k--','LineWidth',1.5);

%Matlab codes for Example 2.5-2
%Copyright by Author-Hao Xu
tic;
 
clc;
close all;
clear all;
 
global tf Psi THRESHOLD NumOfNeurons;
global g D Q R alpha1 alpha2 alpha3;
global COUNTER x_tf_before;
COUNTER = 0;
 
t0 = 0;
tf = 50;
a =  -1;
 
% T_span = [ t0, tf ];
STEPSIZE = 0.02;
x_int = 0.2*[ 2; 0.6 ];                  % initial value for the states
% W_int = zeros( 15, 1 );             % initial value for the weights, not necessarily admissible
W_int = 0.00*[   3.532699909317073
   1.146020808748444
   0.962198051723186
  -8.648491580887299
  -0.449704330833763
  -2.003590905327839
   0.043174859187081
  -2.203239596988491
   6.895209605903342
  -0.061089975599858
   0.575240774685199
   0.758131159514110
   0.020484403023224
  -0.094403012451451
   1.199025599208251 ];
% W_int = 0.0001*randn(15,1);
Wi_int = randn(2,15);
Wg_int = randn(1,2);
InitCondition = [ x_int; W_int;Wi_int(1,:)';Wi_int(2,:)';Wg_int'; a];
 
NumOfNeurons = length(W_int);
 
% Weighting Matrix (Travis's example)
Q = 0.5*eye(4);
R = 1*eye(2);
% % Weighting Matrix (MAK's example)
% Q = [ 1, 0; 0, 1 ];
% R = 1;
 
% Tuning parameters
% alpha1 = 2;               % tuning rate for Hamiltonian (200)
% alpha2 = 0.2;                % tuning rate for terminal cost (100)
% alpha3 = 0.000001;              % tuning rate for stablizing term (0.5)
alpha1 = 0.5;               % tuning rate for Hamiltonian (200)
alpha2 = 0.15;                % tuning rate for terminal cost (100)
alpha3 = 0.00001;              % tuning rate for stablizing term (0.5)
% Parameters: alpha1-2; alpha2-0.1; alpha3-0.000001; no PE; W(0)=0
 
g = [ 0; 3 ];                   % Travis's example
% g = [ 0; 1 ];                   % MAK's example
D = g*inv(R)*g';
 
Psi = 2;                        % termial constriant
THRESHOLD = 20;                 % threshold for the time-dependent activation function
 
[ t, x ] = rk_4th( @Nonlinear_TimeVarying_HJB_rk, t0, tf, STEPSIZE, InitCondition );
% x = x';
iter = length(t);
x_state = x(1:2,:);
W = x(3:17,:);
for i = 1:iter-1
    Wii(1,:,i) = x(18:32,i);
    Wii(2,:,i) = x(33:47,i);
    Wg(:,i) = x(48:49,i);
    gx_est(:,i) = Wg(:,i);
end
 
Hamil = x(18,:);
 
% % Time-dependent activation function with polynomials
Phi_tf_base = zeros( NumOfNeurons, 1 );
for i = 1 : NumOfNeurons
    Phi_tf_base(i,1) = THRESHOLD * tanh(tf^(i-1)/THRESHOLD);
end
Phi_tf_base = flipud(Phi_tf_base(:,1));
Phi_tf(:,1) = Phi_tf_base;
kk = 1;         % number of elements to shift
for i = 2 : NumOfNeurons
%     Phi_tf(:,i) = Phi_tf([end-kk+1:end, 1:end-kk],i-1);     % shift down kk element
    Phi_tf(:,i) = Phi_tf([kk+1:end, 1:kk],i-1);             % shift up kk element
end
 
k = 1;
for i = 1 : COUNTER
    if 1 == mod(i,4)
        x_tf_before_use(:,k) = x_tf_before(:,i);
        k = k + 1;
    end
end
save x_tf_before_use.txt x_tf_before_use -ASCII
save x_tf_before.txt x_tf_before -ASCII
 
iter = length(t);
Phi_t = zeros( 15, 15, iter );
Phi_t_dot = zeros( 15, 15, iter );
Qx = zeros( iter, 1 );
Sigx = zeros( 15, iter );
Sig_grad = zeros( 15, 2, iter );
HJB = zeros( iter, 1 );
% NORM = zeros( iter, 1 );
x_tf_before = zeros( 2, iter );
x_tf = zeros( 2, iter );
fx_tf = zeros( 2, iter );
u = zeros( iter, 1 );
Sig_tf = zeros( 15, iter );
e_tf = zeros( iter-1, 1 );
% x = x';
for k = 1 : iter-1
 
    for i = 1 : NumOfNeurons
        Phi_t_base(i,k) = THRESHOLD * tanh((tf-t(k))^(i-1)/THRESHOLD);
    end
    Phi_t_base(:,k) = flipud(Phi_t_base(:,k));
    Phi_t(:,1,k) = Phi_t_base(:,k);
    for i = 2 : NumOfNeurons
%         Phi_t(:,i,k) = Phi_t([end-kk+1:end, 1:end-kk],i-1,k);     % shift down kk element
        Phi_t(:,i,k) = Phi_t([kk+1:end, 1:kk],i-1,k);               % shift up kk element
    end
 
    % % Derivative of time-dependent activation function with polynomials
    Phi_t_dot(:,:,k) = [    -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0; ...
                    13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13; ...
                    -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12; ...
                    11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11; ...
                    -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10; ...
                    9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9; ...
                    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8; ...
                    7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7; ...
                    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6; ...
                    5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5; ...
                    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4; ...
                    3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3; ...
                    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2; ...
                    tanh((t(k) - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1); ...
                    0, -14*(tanh((t(k) - tf)^14/THRESHOLD)^2 - 1)*(t(k) - tf)^13,  13*(tanh((t(k) - tf)^13/THRESHOLD)^2 - 1)*(t(k) - tf)^12, -12*(tanh((t(k) - tf)^12/THRESHOLD)^2 - 1)*(t(k) - tf)^11,  11*(tanh((t(k) - tf)^11/THRESHOLD)^2 - 1)*(t(k) - tf)^10,  -10*(tanh((t(k) - tf)^10/THRESHOLD)^2 - 1)*(t(k) - tf)^9,     9*(tanh((t(k) - tf)^9/THRESHOLD)^2 - 1)*(t(k) - tf)^8,    -8*(tanh((t(k) - tf)^8/THRESHOLD)^2 - 1)*(t(k) - tf)^7,     7*(tanh((t(k) - tf)^7/THRESHOLD)^2 - 1)*(t(k) - tf)^6,    -6*(tanh((t(k) - tf)^6/THRESHOLD)^2 - 1)*(t(k) - tf)^5,     5*(tanh((t(k) - tf)^5/THRESHOLD)^2 - 1)*(t(k) - tf)^4,    -4*(tanh((t(k) - tf)^4/THRESHOLD)^2 - 1)*(t(k) - tf)^3,     3*(tanh((t(k) - tf)^3/THRESHOLD)^2 - 1)*(t(k) - tf)^2,    -(2*t(k) - 2*tf)*(tanh((t(k) - tf)^2/THRESHOLD)^2 - 1),                      tanh((t(k) - tf)/THRESHOLD)^2 - 1 ];
   
end
 
for k = 1 : iter-1
 
    x1 = x(1,k);    x2 = x(2,k);
    Qx(k) = [x1;x2]' * Q * [x1;x2];
    fx = [                          x2; ...
        -x1*(pi/2+atan(5*x1))-5*x1^2/(2*(1+25*x1^2))+4*x2 ];
    
    Sigx(:,k) = [   x1^6; x1^5*x2; x1^4*x2^2; x1^4; x1^3*x2^3; x1^3*x2; x1^2*x2^4; ...
                    x1^2*x2^2; x1^2; x1*x2^5; x1*x2^3; x1*x2; x2^6; x2^4; x2^2 ];
    Sig_grad(:,:,k) = [ 6*x1^5,             0; ...
                        5*x1^4*x2,          x1^5; ...
                        4*x1^3*x2^2,        2*x1^4*x2; ...
                        4*x1^3,             0; ...
                        3*x1^2*x2^3,        3*x1^3*x2^2; ...
                        3*x1^2*x2,          x1^3; ...
                        2*x1*x2^4,          4*x1^2*x2^3; ...
                        2*x1*x2^2,          2*x1^2*x2; ...
                        2*x1,               0; ...
                        x2^5,               5*x1*x2^4; ...
                        x2^3,               3*x1*x2^2; ...
                        x2,                 x1; ...
                        0,                  6*x2^5; ...
                        0,                  4*x2^3; ...
                        0,                  2*x2 ];
                    
    fx_estt(:,k) = Wii(:,:,k)*Sigx(:,k);
    err_fx(:,k) = fx - fx_estt(:,k);
    err_fn(k) = norm(err_fx(:,k));
    
    err_gx(:,k) = g - gx_est(:,k);
    err_gn(k) = norm(err_gx(:,k));
                    
    HJB(k) = abs(W(:,k)'*Phi_t_dot(:,:,k)*Sigx(:,k) + W(:,k)'*Phi_t(:,:,k)*Sig_grad(:,:,k)*fx - 0.25*W(:,k)'*Phi_t(:,:,k)*Sig_grad(:,:,k)*D*Sig_grad(:,:,k)'*Phi_t(:,:,k)'*W(:,k) + Qx(k));
 
    u(k) = -0.5*inv(R)*g'*Sig_grad(:,:,k)'*Phi_t(:,:,k)'*W(:,k);
    
    % Travis's example
    fx_tf(:,k) = [                          x_tf_before_use(2,k); ...
                -x_tf_before_use(1,k)*(pi/2+atan(5*x_tf_before_use(1,k)))-5*x_tf_before_use(1,k)^2/(2*(1+25*x_tf_before_use(1,k)^2))+4*x_tf_before_use(2,k) ];
%     % MAK's example
%     fx_tf(:,k) = [    x_tf_before_use(1,k) + x_tf_before_use(2,k) - x_tf_before_use(1,k)*(x_tf_before_use(1,k)^2+x_tf_before_use(2,k)^2); ...
%                     -x_tf_before_use(1,k) + x_tf_before_use(2,k) - x_tf_before_use(2,k)*(x_tf_before_use(1,k)^2+x_tf_before_use(2,k)^2) ];
    
    x_tf(:,k) = fx_tf(:,k) + g*u(k);
%   x_tf(:,k) = [ 0; 0 ];
    Sig_tf(:,k) = [ x_tf(1,k)^6; x_tf(1,k)^5*x_tf(2,k); x_tf(1,k)^4*x_tf(2,k)^2; x_tf(1,k)^4; x_tf(1,k)^3*x_tf(2,k)^3; x_tf(1,k)^3*x_tf(2,k); x_tf(1,k)^2*x_tf(2,k)^4; ...
                    x_tf(1,k)^2*x_tf(2,k)^2; x_tf(1,k)^2; x_tf(1,k)*x_tf(2,k)^5; x_tf(1,k)*x_tf(2,k)^3; x_tf(1,k)*x_tf(2,k); x_tf(2,k)^6; x_tf(2,k)^4; x_tf(2,k)^2 ];
 
    e_tf(k) = Psi - W(:,k)'*Phi_t(:,:,1)*Sigx(:,1);
 
end
 
figure;
plot( t, x_state(1,:), 'b', 'LineWidth', 2.5 );
hold on;
plot( t, x_state(2,:), 'r', 'LineWidth', 2.5 );
hold off;
grid on;
legend( 'x_1', 'x_2' );
xlabel( 'Time (sec)', 'fontweight', 'b', 'fontsize', 14 );
title( 'System Response --- Nonlinear Case', 'fontweight', 'b', 'fontsize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
figure;
plot( t, W(1,:), 'y', 'LineWidth', 2.5 );
hold on;
plot( t, W(2,:), 'r', 'LineWidth', 2.5 );
plot( t, W(3,:), 'g', 'LineWidth', 2.5 );
plot( t, W(4,:), 'b', 'LineWidth', 2.5 );
plot( t, W(5,:), 'k', 'LineWidth', 2.5 );
plot( t, W(6,:), 'm', 'LineWidth', 2.5 );
plot( t, W(7,:), 'k', 'LineWidth', 2.5 );
plot( t, W(8,:), 'k', 'LineWidth', 2.5 );
plot( t, W(9,:), 'k', 'LineWidth', 2.5 );
plot( t, W(10,:), 'k', 'LineWidth', 2.5 );
plot( t, W(11,:), 'k', 'LineWidth', 2.5 );
plot( t, W(12,:), 'k', 'LineWidth', 2.5 );
plot( t, W(13,:), 'k', 'LineWidth', 2.5 );
plot( t, W(14,:), 'k', 'LineWidth', 2.5 );
plot( t, W(15,:), 'k', 'LineWidth', 2.5 );
hold off;
grid on;
% legend( 'W_1', 'W_2', 'W_3', 'W_4', 'W_5', 'W_6', 'W_7', 'W_8', 'W_9', 'W_{10}', 'W_{11}', 'W_{12}', 'W_{13}', 'W_{14}', 'W_{15}','Location', 'EastOutside' );
xlabel( 'Time (sec)', 'fontweight', 'b', 'fontsize', 14 );
title( 'OLA Weights --- Nonlinear Case', 'fontweight', 'b', 'fontsize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
figure;
plot( t, HJB, 'b', 'LineWidth', 2.5 );
grid on;
xlabel( 'Time (sec)', 'fontweight', 'b', 'fontsize', 14 );
title( 'HJB Solution', 'fontweight', 'b', 'fontsize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
figure;
plot( t(1:iter-1), e_tf, 'b', 'LineWidth', 2.5 );
grid on;
xlabel( 'Time (sec)', 'fontweight', 'b', 'fontsize', 14 );
title( 'Error for the Terminal Constraint', 'fontweight', 'b', 'fontsize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
figure;
plot( t, x(18,:), 'y', 'LineWidth', 2.5 );
hold on;
plot( t, x(19,:), 'r', 'LineWidth', 2.5 );
plot( t, x(20,:), 'g', 'LineWidth', 2.5 );
plot( t, x(21,:), 'b', 'LineWidth', 2.5 );
plot( t, x(22,:), 'k', 'LineWidth', 2.5 );
plot( t, x(23,:), 'm', 'LineWidth', 2.5 );
plot( t, x(24,:), 'k', 'LineWidth', 2.5 );
plot( t, x(25,:), 'k', 'LineWidth', 2.5 );
plot( t, x(26,:), 'k', 'LineWidth', 2.5 );
plot( t, x(27,:), 'k', 'LineWidth', 2.5 );
plot( t, x(28,:), 'k', 'LineWidth', 2.5 );
plot( t, x(29,:), 'k', 'LineWidth', 2.5 );
plot( t, x(30,:), 'k', 'LineWidth', 2.5 );
plot( t, x(31,:), 'k', 'LineWidth', 2.5 );
plot( t, x(32,:), 'k', 'LineWidth', 2.5 );
hold off;
grid on;
% legend( 'W_1', 'W_2', 'W_3', 'W_4', 'W_5', 'W_6', 'W_7', 'W_8', 'W_9', 'W_{10}', 'W_{11}', 'W_{12}', 'W_{13}', 'W_{14}', 'W_{15}','Location', 'EastOutside' );
xlabel( 'Time (sec)', 'fontweight', 'b', 'fontsize', 14 );
title( 'OLA Identifier Weights --- Nonlinear Case', 'fontweight', 'b', 'fontsize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
figure;
plot( t(1:iter-1), e_tf, 'b', 'LineWidth', 2.5 );
grid on;
xlabel( 'Time (sec)', 'fontweight', 'b', 'fontsize', 14 );
title( 'Error for the Terminal Constraint', 'fontweight', 'b', 'fontsize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
err_fn1 = err_fn';
err_gn1 = err_gn';
 
figure;
plot( t(1:iter-1),err_fx(1,:), 'y', 'LineWidth', 2.5 );
hold on;
plot( t(1:iter-1),err_fx(2,:), 'r', 'LineWidth', 2.5 );
hold off;
grid on;
% legend( 'W_1', 'W_2', 'W_3', 'W_4', 'W_5', 'W_6', 'W_7', 'W_8', 'W_9', 'W_{10}', 'W_{11}', 'W_{12}', 'W_{13}', 'W_{14}', 'W_{15}','Location', 'EastOutside' );
xlabel( 'Time (sec)', 'fontweight', 'b', 'fontsize', 14 );
title( 'NN Identifier errors --- Nonlinear Case', 'fontweight', 'b', 'fontsize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
x_tf = x_tf';
W = W';
x_tf_before = x_tf_before';
x_tf_before_use = x_tf_before_use';
fx_tf = fx_tf';
Sig_tf = Sig_tf';
 
toc;

function xdot = Nonlinear_TimeVarying_HJB_rk(t,x)
 
global tf Psi THRESHOLD NumOfNeurons;
global g D Q R alpha1 alpha2 alpha3;
global COUNTER x_tf_before;
COUNTER = COUNTER + 1;
 
x_state = x(1:4);
W = x(5:43);
Wi(1,:) = x(44:32);
Wi(2,:) = x(33:47);
Wg = x(48:49);
 
J_1x = 1*x_state;                     % J_1x in lemma 1, since we take J_1 = 0.5*x'*x
 
 
x1 = x_state(1);
x2 = x_state(2);
alpha1 = 0.5;
 
Phi_t_base = zeros( NumOfNeurons, 1 );
 
% % Time-dependent activation function with polynomials
for i = 1 : NumOfNeurons
    Phi_t_base(i,1) = THRESHOLD * tanh((tf-t)^(i-1)/THRESHOLD);
end
Phi_t_base = flipud(Phi_t_base(:,1));
Phi_t(:,1) = Phi_t_base;
kk = 1;         % number of elements to shift
for i = 2 : NumOfNeurons
%     Phi_t(:,i) = Phi_t([end-kk+1:end, 1:end-kk],i-1);     % shift down kk element
    Phi_t(:,i) = Phi_t([kk+1:end, 1:kk],i-1);             % shift up kk element
end
 
 
% % Derivative of ime-dependent activation function with polynomials
Phi_t_dot = [   -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0; ...
                13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13; ...
                -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12; ...
                11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11; ...
                -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10; ...
                9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9; ...
                -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8; ...
                7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7; ...
                -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6; ...
                5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5; ...
                -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4; ...
                3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3; ...
                -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2; ...
                tanh((t - tf)/THRESHOLD)^2 - 1,                                                   0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1); ...
                0, -14*(tanh((t - tf)^14/THRESHOLD)^2 - 1)*(t - tf)^13,  13*(tanh((t - tf)^13/THRESHOLD)^2 - 1)*(t - tf)^12, -12*(tanh((t - tf)^12/THRESHOLD)^2 - 1)*(t - tf)^11,  11*(tanh((t - tf)^11/THRESHOLD)^2 - 1)*(t - tf)^10,  -10*(tanh((t - tf)^10/THRESHOLD)^2 - 1)*(t - tf)^9,     9*(tanh((t - tf)^9/THRESHOLD)^2 - 1)*(t - tf)^8,    -8*(tanh((t - tf)^8/THRESHOLD)^2 - 1)*(t - tf)^7,     7*(tanh((t - tf)^7/THRESHOLD)^2 - 1)*(t - tf)^6,    -6*(tanh((t - tf)^6/THRESHOLD)^2 - 1)*(t - tf)^5,     5*(tanh((t - tf)^5/THRESHOLD)^2 - 1)*(t - tf)^4,    -4*(tanh((t - tf)^4/THRESHOLD)^2 - 1)*(t - tf)^3,     3*(tanh((t - tf)^3/THRESHOLD)^2 - 1)*(t - tf)^2,    -(2*t - 2*tf)*(tanh((t - tf)^2/THRESHOLD)^2 - 1),                      tanh((t - tf)/THRESHOLD)^2 - 1 ];
 
Phi_tf_base = zeros( NumOfNeurons, 1 );
% % Time-dependent activation function with polynomials
for i = 1 : NumOfNeurons
    Phi_tf_base(i,1) = THRESHOLD * tanh(tf^(i-1)/THRESHOLD);
end
Phi_tf_base = flipud(Phi_tf_base(:,1));
Phi_tf(:,1) = Phi_tf_base;
kk = 1;         % number of elements to shift
for i = 2 : NumOfNeurons
%     Phi_tf(:,i) = Phi_tf([end-kk+1:end, 1:end-kk],i-1);     % shift down kk element
    Phi_tf(:,i) = Phi_tf([kk+1:end, 1:kk],i-1);             % shift up kk element
end
 
% Travis example
fx = [                          x2; ...
        -x1*(pi/2+atan(5*x1))-5*x1^2/(2*(1+25*x1^2))+4*x2 ];
% % MAK's example
% fx = [    x1 + x2 - x1*(x1^2+x2^2); ...
%         -x1 + x2 - x2*(x1^2+x2^2) ];
 
Qx = x_state' * Q * x_state;
 
% % State-dependetn activation function and its partial derivative
Sig = [ x1^6; x1^5*x2; x1^4*x2^2; x1^4; x1^3*x2^3; x1^3*x2; x1^2*x2^4; ...
        x1^2*x2^2; x1^2; x1*x2^5; x1*x2^3; x1*x2; x2^6; x2^4; x2^2 ];           % 15 neurons
Sig_grad = [    6*x1^5,             0; ...
                5*x1^4*x2,          x1^5; ...
                4*x1^3*x2^2,        2*x1^4*x2; ...
                4*x1^3,             0; ...
                3*x1^2*x2^3,        3*x1^3*x2^2; ...
                3*x1^2*x2,          x1^3; ...
                2*x1*x2^4,          4*x1^2*x2^3; ...
                2*x1*x2^2,          2*x1^2*x2; ...
                2*x1,               0; ...
                x2^5,               5*x1*x2^4; ...
                x2^3,               3*x1*x2^2; ...
                x2,                 x1; ...
                0,                  6*x2^5; ...
                0,                  4*x2^3; ...
                0,                  2*x2 ];
            
fx_est = Wi*Sig;
gx_est = Wg;
 
err_f = fx - fx_est;
err_g = g - gx_est;
err_fn = norm(err_f);
err_gn = norm(err_g);
 
% u = -0.5*inv(R)*g'*Sig_grad'*Phi_t'*W;
u = -0.5*inv(R)*gx_est'*Sig_grad'*Phi_t'*W;
 
NORM = norm(x_state);
 
x_tf_before(:,COUNTER) = 0.02*randn(2,1) * NORM;
% Travis's example
fx_tf = [                                           x_tf_before(2,COUNTER); ...
            -x_tf_before(1,COUNTER)*(pi/2+atan(5*x_tf_before(1,COUNTER)))-5*x_tf_before(1,COUNTER)^2/(2*(1+25*x_tf_before(1,COUNTER)^2))+4*x_tf_before(2,COUNTER) ];
% % % MAK's example
% fx_tf = [ x_tf_before(1,COUNTER) + x_tf_before(2,COUNTER) - x_tf_before(1,COUNTER)*(x_tf_before(1,COUNTER)^2+x_tf_before(2,COUNTER)^2); ...
%             -x_tf_before(1,COUNTER) + x_tf_before(2,COUNTER) - x_tf_before(2,COUNTER)*(x_tf_before(1,COUNTER)^2+x_tf_before(2,COUNTER)^2) ];
x_tf = fx_tf + g*u;
% x_tf = [ 0.165; 0.645 ];
Sig_tf = [  x_tf(1)^6; x_tf(1)^5*x_tf(2); x_tf(1)^4*x_tf(2)^2; x_tf(1)^4; x_tf(1)^3*x_tf(2)^3; x_tf(1)^3*x_tf(2); x_tf(1)^2*x_tf(2)^4; ...
            x_tf(1)^2*x_tf(2)^2; x_tf(1)^2; x_tf(1)*x_tf(2)^5; x_tf(1)*x_tf(2)^3; x_tf(1)*x_tf(2); x_tf(2)^6; x_tf(2)^4; x_tf(2)^2 ];
 
TermNorm1 = Phi_t_dot*Sig + Phi_t*Sig_grad*fx - 0.5*Phi_t*Sig_grad*D*Sig_grad'*Phi_t'*W;
TermNorm2 = Phi_tf * Sig_tf;
 
% Probing noise selected by Travis, which is very tricky
PE_noise = 0.0001*square(2*pi*t*3);     % PE probing noise added to the control inputs
 
% Probing noise is removed after 15 seconds
if t <= 15
    Probing_Noise = PE_noise;
else
    Probing_Noise = 0;
end
 
% Probing_Noise = 0;
% x_state_dot = fx + g*u + Probing_Noise;         % Travis original code
x_state_dot = fx + g*(u+Probing_Noise);         % PE should be added to the control inputs
x_est_dot = fx_est + gx_est*(u+Probing_Noise);
err_id = x_state_dot - x_est_dot;
Wi_dot = alpha1*Sig_grad*diag(err_id);
Wg_dot = alpha1*err_id;
 
% Test the condition for SIGMA
if J_1x'*(fx+g*u) <= 0
    SIGMA = 0;
else
    SIGMA = 1;
end
 
% SIGMA = 0;
 
e_tf = Psi - W'*Phi_tf*Sig_tf;      % error for the terminal cost
% e_tf = Psi - W'*eye(15)*eye(15,1);      % error for the terminal cost
D_est = gx_est*inv(R)*gx_est';
 
Hamiltonian = Qx + W'*Phi_t_dot*Sig + W'*Phi_t*Sig_grad*fx - 0.25*W'*Phi_t*Sig_grad*D*Sig_grad'*Phi_t'*W;
Hamiltonian = Qx + W'*Phi_t_dot*Sig + W'*Phi_t*Sig_grad*fx_est - 0.25*W'*Phi_t*Sig_grad*D_est*Sig_grad'*Phi_t'*W;
% Hamiltonian = Qx + W'*Phi_t*Sig_grad*fx - 0.5*W'*Phi_t*Sig_grad*D*Sig_grad'*Phi_t'*W;
% Updating the NN weights
Wdot = - alpha1*(TermNorm1/(1+TermNorm1'*TermNorm1)^2)*Hamiltonian ...
       + alpha2*(TermNorm2/(1+TermNorm2'*TermNorm2)^2)*e_tf ...
       + 0.5*alpha3*SIGMA*Phi_t*Sig_grad*g*inv(R)*g'*J_1x;
   
xdot = [ x_state_dot; Wdot;Wi_dot(:,1);Wi_dot(:,2);Wg_dot;Hamiltonian];
 
end
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