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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3.11 Matlab Codes
Matlab codes for Example 3.2-1
clear all;
close all;
clc;
 
% 1. Initiation parameters
iter = 255; % The number of iteration time steps
T_s = 0.12;  % The sampling interval
D_b = 2;    % The bound of delay d_bar = 2;
 
% define the random delays and packet losses
ind = 50;  % The relative stable time period which means delays and packet losses kepp the same value during this period
n_d = 5;
R_d = D_b*T_s*rand(1,n_d);
R_p1 = rand(1,n_d);
 
for i = 1:n_d
    if R_p1(i) >=1/3
        R_p1(i) = 1;
    else
        R_p1(i) = 0;
    end
end
 
for i = 1:n_d
    for j = 1:ind
        Delay((i-1)*ind+j) = R_d(i);
        Packet1((i-1)*ind+j) = R_p1(i);
    end
end
Delay = importdata('delay.mat','v1');
Packet1 = importdata('packet.mat','v1');
% Continuous-time Batch Reactor
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 5.679 1.136 1.136; 0 0 -3.146 0]';
 
% Discrete-time the Batch Reactor for NCS augment state system model
As = expm(Ac*T_s);
Bs = quadv(@(t)myFun(t,-Ac),0,T_s)*expm(Ac*T_s)*Bc;  % Note As & Bs are also the discrete-time system model
 
% Since delay bound is equal to 2, first 2 time step should be consider
% seperately
if Delay(1) > T_s
    B_u0(:,:,1) = zeros(4,2);
    B_u1(:,:,1) = zeros(4,2);
    B_u2(:,:,1) = zeros(4,2);
else
    B_u0(:,:,1) = quadv(@(t)myFun(t,-Ac),Delay(1),T_s)*expm(Ac*T_s)*Bc;
    B_u1(:,:,1) = zeros(4,2);
    B_u2(:,:,1) = zeros(4,2);
end
 
if Delay(2) > T_s
    if Delay(1) > T_s
        B_u0(:,:,2) = zeros(4,2);
        B_u1(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(1)-T_s,T_s)*expm(Ac*T_s)*Bc;
        B_u2(:,:,2) = zeros(4,2);
    else
        B_u0(:,:,2) = zeros(4,2);
        B_u1(:,:,2) = quadv(@(t)myFun(t,-Ac),0,T_s)*expm(Ac*T_s)*Bc;
        B_u2(:,:,2) = zeros(4,2);
    end
else
    if Delay(1) > T_s
        if Delay(2) < Delay(1) - T_s
            B_u0(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(2),T_s)*expm(Ac*T_s)*Bc;
            B_u1(:,:,2) = zeros(4,2);
            B_u2(:,:,2) = zeros(4,2);
        else
            B_u0(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(2),T_s)*expm(Ac*T_s)*Bc;
            B_u1(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(1)-T_s,Delay(2))*expm(Ac*T_s)*Bc;
            B_u2(:,:,2) = zeros(4,2);
        end
    else
        B_u0(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(2),T_s)*expm(Ac*T_s)*Bc;
        B_u1(:,:,2) = quadv(@(t)myFun(t,-Ac),0,Delay(2))*expm(Ac*T_s)*Bc;
        B_u2(:,:,2) = zeros(4,2);
    end
end
 
for i = 3:iter
    if Delay(i) > T_s
        if Delay(i-1) > T_s
            B_u0(:,:,i) = zeros(4,2);
            B_u1(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i-1)-T_s,T_s)*expm(Ac*T_s)*Bc;
            B_u2(:,:,i) = quadv(@(t)myFun(t,-Ac),0,Delay(i-1)-T_s)*expm(Ac*T_s)*Bc;
        else
            B_u0(:,:,i) = zeros(4,2);
            B_u1(:,:,i) = quadv(@(t)myFun(t,-Ac),0,T_s)*expm(Ac*T_s)*Bc;
            B_u2(:,:,i) = zeros(4,2);
        end
    else
        if Delay(i-1) > T_s
            if Delay(i) < Delay(i-1) - T_s
                B_u0(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i),T_s)*expm(Ac*T_s)*Bc;
                B_u1(:,:,i) = zeros(4,2);
                B_u2(:,:,i) = quadv(@(t)myFun(t,-Ac),0,Delay(i))*expm(Ac*T_s)*Bc;
            else
                B_u0(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i),T_s)*expm(Ac*T_s)*Bc;
                B_u1(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i-1)-T_s,Delay(i))*expm(Ac*T_s)*Bc;
                B_u2(:,:,i) = quadv(@(t)myFun(t,-Ac),0,Delay(i-1)-T_s)*expm(Ac*T_s)*Bc;
            end
        else
            B_u0(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i),T_s)*expm(Ac*T_s)*Bc;
            B_u1(:,:,i) = quadv(@(t)myFun(t,-Ac),0,Delay(i))*expm(Ac*T_s)*Bc;
            B_u2(:,:,i) = zeros(4,2);
        end
    end
end
 
% Generating NCS augment state system model Az(k) and Bz(k)
for i = 1:iter
    if i == 1
        Az(:,:,i) = [As B_u1(:,:,i) B_u2(:,:,i);zeros(2,8);zeros(2,4) eye(2) zeros(2,2)];
        Bz(:,:,i) = [B_u0(:,:,i);eye(2);zeros(2,2)];
    end
    if i == 2
        Az(:,:,i) = [As Packet1(i-1)*B_u1(:,:,i) B_u2(:,:,i);zeros(2,8);zeros(2,4) eye(2) zeros(2,2)];
        Bz(:,:,i) = [Packet1(i)*B_u0(:,:,i);eye(2);zeros(2,2)];
    end
    if i >= 3
    Az(:,:,i) = [As Packet1(i-1)*B_u1(:,:,i) Packet1(i-2)*B_u2(:,:,i);zeros(2,8);zeros(2,4) eye(2) zeros(2,2)];
    Bz(:,:,i) = [Packet1(i)*B_u0(:,:,i);eye(2);zeros(2,2)];
    end
end
 
% 2. Original system without random delays and packet losses with optimal
% control input------Case 1
Q = eye(4);
R = eye(2);
% [P1,L1,K1] = dare(As,Bs,Q,R);
K1 = [-0.2 -0.5 0.5 0.4;-2 -0.2 -2 0.8];
 
x_int = 0.8*[2 3 1 5]';  % Initial system states
xs1(:,1) = x_int;
us1(:,1) = -K1*xs1(:,1);
 
for i = 2:iter
    xs1(:,i) = As*xs1(:,i-1) + Bs*us1(:,i-1);
    us1(:,i) = -K1*xs1(:,i);
end
 
figure (1)
plot(xs1(1,:),'b-');
hold on;
plot(xs1(2,:),'r-.');
plot(xs1(3,:),'g--');
plot(xs1(4,:),'k:');
 
% Finite Horizon Control
for i = 1:50
    Bz(:,:,i+50) = Bz(:,:,i);
end
 
[rAz, cAz] = size(Az(:,:,1));
[rBz, cBz] = size(Bz(:,:,1));
 
Qz = 0.2*eye(rAz);
Rz = 0.1*eye(cBz);
 
S_N = 5*eye(rAz);
G_N = [Az(:,:,iter)'*S_N*Az(:,:,iter)+Qz Az(:,:,iter)'*S_N*Bz(:,:,iter); Bz(:,:,iter)'*S_N*Az(:,:,iter) Bz(:,:,iter)'*S_N*Bz(:,:,iter)+Rz];
g_N = Mat2Vec1(G_N);
Rz_inv = inv(Rz);
Rz_inv = eye(rBz);
 
gLength = (rAz+cBz)*(rAz + cBz + 1)/2;
N2 = iter - gLength;
S_d(:,:,N2) = S_N;
G_d(:,:,N2) = G_N;
g_d(:,N2) = g_N;
 
for i = N2-1:-1:1
    S_d(:,:,i) = Az(:,:,i)'*S_d(:,:,i+1)*Az(:,:,i)-Az(:,:,i)'*S_d(:,:,i+1)*Bz(:,:,i)*inv(Bz(:,:,i)'*S_d(:,:,i+1)*Bz(:,:,i) + Rz)*Bz(:,:,i)'*S_d(:,:,i+1)*Az(:,:,i) + Qz;
    G_d(:,:,i) = [Az(:,:,i)'*S_d(:,:,i)*Az(:,:,i)+Qz Az(:,:,i)'*S_d(:,:,i)*Bz(:,:,i);Bz(:,:,i)'*S_d(:,:,i)*Az(:,:,i) Bz(:,:,i)'*S_d(:,:,i)*Bz(:,:,i)+Rz];
    g_d(:,i) = Mat2Vec1(G_d(:,:,i));
end
G_int = [Az(:,:,1)'*S_d(:,:,1)*Az(:,:,1)+Qz Az(:,:,1)'*S_d(:,:,1)*Bz(:,:,1); Bz(:,:,1)'*S_d(:,:,1)*Az(:,:,1) Bz(:,:,1)'*S_d(:,:,1)*Bz(:,:,1)+Rz];
g_int = Mat2Vec1(G_int);
eta =8.5e-1;    %Tuning rate
alpha = 1;        % Weights balance parameter
 
% Generate activation funciton with saturation
tN = iter;
THRESHOLD = 0.010e1;
 
for k = 1 : (tN+1)
%     act_temp = (tN+1-k)^10*rand(1,gLength-10);
%     aa = [zeros(gLength-10,10) eye(gLength-10)];
    Phi_n(:,:,k) = THRESHOLD * ...
        tanh( [(tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4,  (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1; ...
               (tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3,  (tN+1-k)^2, (tN+1-k)^1,     1,(tN+1-k)^54; ...
               (tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7,(tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2,  (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53; ...
               (tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,      1,(tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52; ...
               (tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,    1,  (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51 ; ...
               (tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4,(tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,      1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50; ...
               (tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1,  (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49; ...
               (tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1,   (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48; ...
               (tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47; ...
               (tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46; ...
               (tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45; ...
               (tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^31,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44; ...
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               (tN+1-k)^11,(tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12; ...
               (tN+1-k)^10, (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11; ...
               (tN+1-k)^9, (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10; ...                  
               (tN+1-k)^8,(tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9; ...
               (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9,(tN+1-k)^8; ...
               (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9,(tN+1-k)^8,(tN+1-k)^7; ...
               (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1,(tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9,(tN+1-k)^8,(tN+1-k)^7,(tN+1-k)^6; ...
               (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9,(tN+1-k)^8,(tN+1-k)^7,(tN+1-k)^6,(tN+1-k)^5; ...
               (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9,(tN+1-k)^8,(tN+1-k)^7,(tN+1-k)^6,(tN+1-k)^5,(tN+1-k)^4; ...
               (tN+1-k)^2, (tN+1-k)^1,     1, (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9,(tN+1-k)^8,(tN+1-k)^7,(tN+1-k)^6,(tN+1-k)^5,(tN+1-k)^4,(tN+1-k)^3; ...
               (tN+1-k)^1,     1,  (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9,(tN+1-k)^8,(tN+1-k)^7,(tN+1-k)^6,(tN+1-k)^5,(tN+1-k)^4,(tN+1-k)^3,(tN+1-k)^2; ...
               1,  (tN+1-k)^54,(tN+1-k)^53,(tN+1-k)^52,(tN+1-k)^51,(tN+1-k)^50,(tN+1-k)^49,(tN+1-k)^48,(tN+1-k)^47,(tN+1-k)^46,(tN+1-k)^45,(tN+1-k)^44,(tN+1-k)^43,(tN+1-k)^42,(tN+1-k)^41,(tN+1-k)^40,(tN+1-k)^39,(tN+1-k)^38,(tN+1-k)^37,(tN+1-k)^36,(tN+1-k)^35,(tN+1-k)^34,(tN+1-k)^33,(tN+1-k)^32,(tN+1-k)^31,(tN+1-k)^30,(tN+1-k)^29,(tN+1-k)^28,(tN+1-k)^27,(tN+1-k)^26,(tN+1-k)^25,(tN+1-k)^24,(tN+1-k)^23,(tN+1-k)^22,(tN+1-k)^21,(tN+1-k)^20,(tN+1-k)^19,(tN+1-k)^18,(tN+1-k)^17,(tN+1-k)^16,(tN+1-k)^15,(tN+1-k)^14,(tN+1-k)^13,(tN+1-k)^12,(tN+1-k)^11,(tN+1-k)^10,(tN+1-k)^9,(tN+1-k)^8,(tN+1-k)^7,(tN+1-k)^6,(tN+1-k)^5,(tN+1-k)^4,(tN+1-k)^3,(tN+1-k)^2,(tN+1-k)^1 ] / THRESHOLD );
end
 
for k = 1:tN+1
    if k>=tN-15;
        Phi(:,:,k) = Phi_n(:,:,k);
    else
        Phi(:,:,k) = Phi_n(:,:,tN-16);
    end
end
 
[P_Opt, dd, K_Opt ] = dare(Az(:,:,1), Bz(:,:,1), Qz, Rz);
K_Admissible = -K_Opt;
 
% first time step
x_App(:,1) = [x_int;zeros(4,1)];
u_App(:,1) = K_Admissible * x_App(:,1);
z(:,1) = [ x_App(:,1); u_App(:,1) ];          % augmented states
zBar(:,1) = KroBasisVec( z(:,1) );          % kronecker basis vector
z(:,tN+1) = zeros(rAz+cBz,1);                    % final state
zBar(:,tN+1) = KroBasisVec( z(:,tN+1) );
 
r_App(1) = x_App(:,1)'*Qz*x_App(:,1) + u_App(:,1)'*Rz*u_App(:,1);     % utility function
 
Sys_size = length(z(:,1));                  % dimension of the augmented states
gLength = Sys_size*(Sys_size + 1)/2;        % The gLength of g vector
gInit = zeros(gLength,1);                   % Initial weights
gVec(:,1) = gInit;
NOISE = (0.000001)*eye(gLength);
 
% J_Opt(1) = 0.2986;                          % this value is from section 1
% W_Init = ( J_Opt(1) * pinv(Phi(:,:,tN+1)*zBar(:,1)) )';     % initial weights are selected as the "acurate" value
W_Init = ( g_int' * inv(Phi(:,:,1)) )';     % initial weights are selected as the "acurate" value
W(:,1) = W_Init;
% W(:,1) = 1e10*randn(gLength,1);
V_app1(1) = W(:,1)'*Phi(:,:,1)*zBar(:,1);
 
V_App(1) = W(:,1)'*Phi(:,:,1) * zBar(:,1);       % value function approximation at first time step
V_Appn(1) = W(:,1)'*Phi(:,:,tN+1) * zBar(:,tN+1);      % 
eN = [];
% eN(1,1) = V_Appn(1) - Psi;                          % error for the final cost
 
% second time step
x_App(:,2) = Az(:,:,1)*x_App(:,1) + Bz(:,:,1)*u_App(:,1);
u_App(:,2) = K_Admissible * x_App(:,2);
 
z(:,2) = [ x_App(:,2); u_App(:,2) ];
zBar(:,2) = KroBasisVec( z(:,2) );
r_App(2) = x_App(:,2)'*Qz*x_App(:,2) + u_App(:,2)'*Rz*u_App(:,2);
zBarDelta(:,1) = Phi(:,:,2)*zBar(:,2) - Phi(:,:,1)*zBar(:,1);
 
% % Generate the window
for i = 2 : gLength
    x_App(:,i+1) = Az(:,:,i)*x_App(:,i) + Bz(:,:,i)*u_App(:,i);
    u_App(:,i+1) = K_Admissible * x_App(:,i+1);
    
    r_App(i+1) = x_App(:,i+1)'*Qz*x_App(:,i+1) + u_App(:,i+1)'*Rz*u_App(:,i+1);
    z(:,i+1) = [ x_App(:,i+1); u_App(:,i+1) ];
    zBar(:,i+1) = KroBasisVec( z(:,i+1) );
    zBarDelta(:,i) = Phi(:,:,i+1)*zBar(:,i+1) - Phi(:,:,i)*zBar(:,i); % Redefine the zBarDelta
    
    V_App(i) = W(:,1)'*Phi(:,:,i) * zBar(:,i);
    V_Appn(i) = W(:,1)'*Phi(:,:,tN+1) * zBar(:,tN+1);
%     eN(1,i) = V_Appn(i) - Psi;
    eN(1,:) = (W(:,1)'*Phi(:,:,N2))' - g_N;
end
 
eBellman(1,:) = r_App(1:gLength) + W(:,1)'*zBarDelta(:,1:gLength);  % Cacluate the Bellman error vector
eTotal(1,:) = eBellman(1,:) + alpha*eN(1,:);          % total error, Bellman error + final cost error
 
% W(:,2) = ((eta*eTotal(1,:) - r_App(1:gLength)+gTemp'*NOISE)*pinv(Phi(:,:,tN+1-1)*zBarDelta(:,1:gLength)+NOISE))';
W(:,2) = ((eta*eTotal(1,:) - r_App(1:gLength) + alpha*g_N' + W(:,1)'*NOISE)*pinv(zBarDelta(:,1:gLength) + alpha*Phi(:,:,N2) +NOISE))';
eBellman(2,:) = r_App(1:gLength) + W(:,2)'*zBarDelta(:,1:gLength); 
% eN(2,:) = (W(:,2)'*Phi(:,:,tN))' - g_N;
 
% Revised code
eN(2,:) = (W(:,2)'*Phi(:,:,N2))' - g_N;
 
eTotal(2,:) = eBellman(2,:) + alpha*eN(2,:);
% % System evolution
eN(3,:) = W(:,2)'*(Phi(:,:,N2) + NOISE) - g_N' - W(:,2)'*NOISE; 
for k = 2:tN-gLength-1
    
%     G(:,:,k) = Vec2Mat( gVec(:,k) );
%     G(:,:,k) = Vec2Mat( (W(:,k)'*Phi(:,:,tN+2-k))' );
%     W(:,k) = g_d(:,k)'*inv(Phi(:,:,k));
    G(:,:,k) = Vec2Mat( (W(:,k)'*Phi(:,:,k))' );
    g_app(:,:,k) = Mat2Vec1(G(:,:,k));
%     G(:,:,k) = Vec2Mat( (W(:,1)'*Phi(:,:,tN+1))' );
    K_App(:,:,k) = -pinv(G(rAz+1:rAz+cBz,rAz+1:rAz+cBz,k))*G(rAz+1:rAz+cBz,1:rAz,k);
%     K_App(:,:,k) = K_Admissible;
    u_App(:,k) = K_App(:,:,k)*x_App(:,k);
%     u_App(:,k) = K_Admissible*x_App(:,k);
    
    z(:,k) = [ x_App(:,k); u_App(:,k) ];
    zBar(:,k) = KroBasisVec( z(:,k) );
    r_App(k) = x_App(:,k)'*Qz*x_App(:,k) + u_App(:,k)'*Rz*u_App(:,k);
 
%     V_App(k) = gVec(:,k)' * zBar(:,k);
    V_App(k) = W(:,k)'*Phi(:,:,k) * zBar(:,k);
    V_Appn(k) = W(:,k)'*Phi(:,:,tN+1) * zBar(:,tN+1);
    
    for j = 1:gLength
        x_App(:,k+j) = Az(:,:,k+j-1)*x_App(:,k+j-1) + Bz(:,:,k+j-1)*u_App(:,k+j-1);
        u_App(:,k+j) = K_App(:,:,k)*x_App(:,k+j);
%         u_App(:,k+j) = K_Admissible*x_App(:,k+j);
        r_App(k+j) = x_App(:,k+j)'*Qz*x_App(:,k+j) + u_App(:,k+j)'*Rz*u_App(:,k+j);
        z(:,k+j) = [ x_App(:,k+j); u_App(:,k+j) ];
        zBar(:,k+j) = KroBasisVec( z(:,k+j) );
        zBarDelta(:,k+j-1) = Phi(:,:,k+j)*zBar(:,k+j) - Phi(:,:,k+j-1)*zBar(:,k+j-1);
    end
    
%     eBellman(k+1,:) = r_App(k:gLength+k-1) + gVec(:,k)'*zBarDelta(:,k:gLength+k-1);
    eBellman(k+1,:) = r_App(k:gLength+k-1) + W(:,k)'*zBarDelta(:,k:gLength+k-1);
%     eN(k+1,:) = V_Appn(k) - Psi;
%     eN(k+1,:) = (W(:,k)'*Phi(:,:,N2))' - g_N;
%     eN(k+1,:)=W(:,k+1)'*(Phi(:,:,N2) + NOISE) - g_N' - W(:,k)'*NOISE; 
    eTotal(k+1,:) = eBellman(k+1,:) + alpha*eN(k+1,:);
%     gVec(:,k+1) = ((eta*eTotal(k+1,:) - r_App(k:gLength+k-1)+gVec(:,k)'*NOISE)*pinv(zBarDelta(:,k:gLength+k-1)+NOISE))';     % original code
    
%     W(:,k+1) = ((eta*eTotal(k+1,:) - r_App(k:gLength+k-1)+W(:,k)'*Phi(:,:,tN+1-k)*NOISE)*pinv(Phi(:,:,tN+1-k)*zBarDelta(:,k:gLength+k-1)+NOISE))';
%     W(:,k+1) = ((eta*eTotal(k+1,:) - r_App(k:gLength+k-1)+W(:,k)'*Phi(:,:,tN+2-k))*pinv(Phi(:,:,tN+2-k)*zBarDelta(:,k:gLength+k-1)))';
 
    W(:,k+1) = ((eta*eTotal(k+1,:) - r_App(k:gLength+k-1) + alpha*g_N' + W(:,k)'*NOISE)*pinv(zBarDelta(:,k:gLength+k-1) + alpha*Phi(:,:,N2) +NOISE))';
%     eTotal(k+1,:) = r_App(k:gLength+k-1) + W(:,k+1)'*zBarDelta(:,k:gLength+k-1) + W(:,k+1)'*Phi(:,:,N2) - g_N';
    eN(k+2,:)=W(:,k+1)'*(Phi(:,:,N2) + NOISE) - g_N' - W(:,k)'*NOISE; 
 
end
G(:,:,tN-gLength) = Vec2Mat( (W(:,tN-gLength)'*Phi(:,:,tN-gLength))' );
g_app(:,:,tN-gLength) = Mat2Vec1(G(:,:,tN-gLength));
for i = 1:tN-gLength
    eN_n(i) = norm(eN(i,:));
    eBellman_n(i) = norm(eBellman(i,:));
    eTotal_n(i) = norm(eTotal(i,:));
end
 
% for i = 1:tN-gLength
%     eN_n(i) = norm(eN(i,:))/sqrt(gLength);
%     eBellman_n(i) = norm(eBellman(i,:))/sqrt(gLength);
%     eTotal_n(i) = norm(eTotal(i,:))/sqrt(gLength);
% end
 
figure
plot( eN_n, 'b', 'LineWidth', 2.5 );
grid on;
xlabel( 'Time Step (k)', 'FontWeight', 'b', 'FontSize', 14 );
title( 'e_N', 'FontWeight', 'b', 'FontSize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
figure
plot( 10*eBellman_n(5:200), 'b', 'LineWidth', 2.5 );
grid on;
xlabel( 'Time Step (k)', 'FontWeight', 'b', 'FontSize', 14 );
title( 'e_{Bellman}', 'FontWeight', 'b', 'FontSize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
figure
plot( eTotal_n, 'b', 'LineWidth', 2.5 );
grid on;
xlabel( 'Time Step (k)', 'FontWeight', 'b', 'FontSize', 14 );
title( 'e_{Total}', 'FontWeight', 'b', 'FontSize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
 
figure;
plot( (1:tN-1)-1, x_App(1,:), 'b', 'LineWidth', 2.5 );
hold on;
plot( (1:tN-1)-1, x_App(2,:), 'r-.', 'LineWidth', 2.5 );
plot( (1:tN-1)-1, x_App(3,:), 'k-.', 'LineWidth', 2.5 );
plot( (1:tN-1)-1, x_App(4,:), 'g-.', 'LineWidth', 2.5 );
hold off;
grid on;
xlabel( 'Time Step (k)', 'FontWeight', 'b', 'FontSize', 14 );
title( 'Approximated System States', 'FontWeight', 'b', 'FontSize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
figure;
plot( (1:tN-1)-1, u_App(1,:), 'b', 'LineWidth', 2.5 );
hold on;
plot( (1:tN-1)-1, u_App(2,:), 'r-', 'LineWidth', 2.5 );
grid on;
xlabel( 'Time Step (k)', 'FontWeight', 'b', 'FontSize', 14 );
title( 'Approximated Control Input', 'FontWeight', 'b', 'FontSize', 14 );
set( gca, 'FontWeight', 'b', 'FontSize', 14 );
 
e_test = [0.6013 0.1185 0.0235 0.0046 9.4686e-4 1.8874e-4 1.4846e-4 1.2483e-4 1.1338e-4 3.5258e-5 4.99e-5 2.2287e-5 1.9482e-5];
figure
plot(e_test);
 
for i = 1:iter-1
    x_norm(i) = norm(x_App(1:4,i));
    u_norm(i) = norm(u_App(:,i));
end
 
figure;
plot(x_norm);
 
figure;
plot(u_norm);
 
index1 = 1;
in = 200;
for i = -10:0.5:10
    index2 = 1;
    for j = -10:0.5:10
        x_p = [i j 0 0 0 0 0 0]';
        u_p = -K_App(:,:,199)*x_p;
        z_p = [x_p;u_p];
        Qq(index1,index2) = z_p'*G(:,:,in)*z_p;
        index2 = index2 + 1;
    end
    index1 = index1 + 1;
end

Matlab codes for Example 3.3-1
clear all;
close all;
clc;
% 1. Initiation parameters
iter = 500; % The number of iteration time steps
T_s = 0.1;  % The sampling interval
D_b = 2;    % The bound of delay d_bar = 2;
 
% define the random delays and packet losses
ind = 50;  % The relative stable time period which means delays and packet losses kepp the same value during this period
n_d = iter/ind;
R_d = D_b*T_s*rand(1,n_d);
R_p1 = rand(1,n_d);
 
for i = 1:n_d
    if R_p1(i) >=1/3
        R_p1(i) = 1;
    else
        R_p1(i) = 0;
    end
end
 
for i = 1:n_d
    for j = 1:ind
        Delay((i-1)*ind+j) = R_d(i);
        Packet1((i-1)*ind+j) = R_p1(i);
    end
end
Delay = importdata('delay.mat','v1');
Packet1 = importdata('packet.mat','v1');
% Continuous-time Batch Reactor
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 5.679 1.136 1.136; 0 0 -3.146 0]';
 
% Discrete-time the Batch Reactor for NCS augment state system model
As = expm(Ac*T_s);
Bs = quadv(@(t)myFun(t,-Ac),0,T_s)*expm(Ac*T_s)*Bc;  % Note As & Bs are also the discrete-time system model
 
% Since delay bound is equal to 2, first 2 time step should be consider
% seperately
if Delay(1) > T_s
    B_u0(:,:,1) = zeros(4,2);
    B_u1(:,:,1) = zeros(4,2);
    B_u2(:,:,1) = zeros(4,2);
else
    B_u0(:,:,1) = quadv(@(t)myFun(t,-Ac),Delay(1),T_s)*expm(Ac*T_s)*Bc;
    B_u1(:,:,1) = zeros(4,2);
    B_u2(:,:,1) = zeros(4,2);
end
 
if Delay(2) > T_s
    if Delay(1) > T_s
        B_u0(:,:,2) = zeros(4,2);
        B_u1(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(1)-T_s,T_s)*expm(Ac*T_s)*Bc;
        B_u2(:,:,2) = zeros(4,2);
    else
        B_u0(:,:,2) = zeros(4,2);
        B_u1(:,:,2) = quadv(@(t)myFun(t,-Ac),0,T_s)*expm(Ac*T_s)*Bc;
        B_u2(:,:,2) = zeros(4,2);
    end
else
    if Delay(1) > T_s
        if Delay(2) < Delay(1) - T_s
            B_u0(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(2),T_s)*expm(Ac*T_s)*Bc;
            B_u1(:,:,2) = zeros(4,2);
            B_u2(:,:,2) = zeros(4,2);
        else
            B_u0(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(2),T_s)*expm(Ac*T_s)*Bc;
            B_u1(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(1)-T_s,Delay(2))*expm(Ac*T_s)*Bc;
            B_u2(:,:,2) = zeros(4,2);
        end
    else
        B_u0(:,:,2) = quadv(@(t)myFun(t,-Ac),Delay(2),T_s)*expm(Ac*T_s)*Bc;
        B_u1(:,:,2) = quadv(@(t)myFun(t,-Ac),0,Delay(2))*expm(Ac*T_s)*Bc;
        B_u2(:,:,2) = zeros(4,2);
    end
end
 
for i = 3:iter
    if Delay(i) > T_s
        if Delay(i-1) > T_s
            B_u0(:,:,i) = zeros(4,2);
            B_u1(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i-1)-T_s,T_s)*expm(Ac*T_s)*Bc;
            B_u2(:,:,i) = quadv(@(t)myFun(t,-Ac),0,Delay(i-1)-T_s)*expm(Ac*T_s)*Bc;
        else
            B_u0(:,:,i) = zeros(4,2);
            B_u1(:,:,i) = quadv(@(t)myFun(t,-Ac),0,T_s)*expm(Ac*T_s)*Bc;
            B_u2(:,:,i) = zeros(4,2);
        end
    else
        if Delay(i-1) > T_s
            if Delay(i) < Delay(i-1) - T_s
                B_u0(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i),T_s)*expm(Ac*T_s)*Bc;
                B_u1(:,:,i) = zeros(4,2);
                B_u2(:,:,i) = quadv(@(t)myFun(t,-Ac),0,Delay(i))*expm(Ac*T_s)*Bc;
            else
                B_u0(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i),T_s)*expm(Ac*T_s)*Bc;
                B_u1(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i-1)-T_s,Delay(i))*expm(Ac*T_s)*Bc;
                B_u2(:,:,i) = quadv(@(t)myFun(t,-Ac),0,Delay(i-1)-T_s)*expm(Ac*T_s)*Bc;
            end
        else
            B_u0(:,:,i) = quadv(@(t)myFun(t,-Ac),Delay(i),T_s)*expm(Ac*T_s)*Bc;
            B_u1(:,:,i) = quadv(@(t)myFun(t,-Ac),0,Delay(i))*expm(Ac*T_s)*Bc;
            B_u2(:,:,i) = zeros(4,2);
        end
    end
end
 
% Generating NCS augment state system model Az(k) and Bz(k)
for i = 1:iter
    if i == 1
        Az(:,:,i) = [As B_u1(:,:,i) B_u2(:,:,i);zeros(2,8);zeros(2,4) eye(2) zeros(2,2)];
        Bz(:,:,i) = [B_u0(:,:,i);eye(2);zeros(2,2)];
    end
    if i == 2
        Az(:,:,i) = [As Packet1(i-1)*B_u1(:,:,i) B_u2(:,:,i);zeros(2,8);zeros(2,4) eye(2) zeros(2,2)];
        Bz(:,:,i) = [Packet1(i)*B_u0(:,:,i);eye(2);zeros(2,2)];
    end
    if i >= 3
    Az(:,:,i) = [As Packet1(i-1)*B_u1(:,:,i) Packet1(i-2)*B_u2(:,:,i);zeros(2,8);zeros(2,4) eye(2) zeros(2,2)];
    Bz(:,:,i) = [Packet1(i)*B_u0(:,:,i);eye(2);zeros(2,2)];
    end
end
 
% 2. Original system without random delays and packet losses with optimal
% control input------Case 1
Q = eye(4);
R = eye(2);
% [P1,L1,K1] = dare(As,Bs,Q,R);
K1 = [-0.2 -0.5 0.5 0.4;-2 -0.2 -2 0.8];
 
x_int = [2 3 1 5]';  % Initial system states
xs1(:,1) = x_int;
us1(:,1) = -K1*xs1(:,1);
 
for i = 2:iter
    xs1(:,i) = As*xs1(:,i-1) + Bs*us1(:,i-1);
    us1(:,i) = -K1*xs1(:,i);
end
 
figure (1)
plot(xs1(1,:),'b-');
hold on;
plot(xs1(2,:),'r-.');
plot(xs1(3,:),'g--');
plot(xs1(4,:),'k:');
 
% 3. NCS with random delays and packet losses but still using the optimal
% control obtained from As and Bs-------Case 2
 
% Note: here we consider about augment state zk
zs2(:,1) = [x_int;zeros(4,1)];
us2(:,1) = -K1*zs2(1:4,1);
 
for i = 2:iter
    zs2(:,i) = Az(:,:,i-1)*zs2(:,i-1) + Bz(:,:,i-1)*us2(:,i-1);
    us2(:,i) = -K1*zs2(1:4,i);
end
 
figure (2)
plot(zs2(1,:),'b-');
hold on;
plot(zs2(2,:),'r-.');
plot(zs2(3,:),'g--');
plot(zs2(4,:),'k:');
 

for i = 1:8
    for j = 1:8
        Azs(i,j) = mean(Az(i,j,:));
    end
    for k = 1:2
        Bzs(i,k) = mean(Bz(i,k,:));
    end
end
 
% Azs = [As Bs_u1 Bs_u2;zeros(2,8);zeros(2,4) eye(2) zeros(2,2)];
% Bzs = [Bs_u0;eye(2);zeros(2,2)];
 
Qz = 0.5*eye(8);
Rz = 0.01*eye(2);
 
[P3,L3,K3] = dare(Azs,Bzs,Qz,Rz);
 
H_int_c5 = [Qz+Azs'*P3*Azs Azs'*P3*Bzs;...
        Bzs'*P3*Azs Rz+Bzs'*P3*Bzs];
 
zs3(:,1) = [x_int;zeros(4,1)];
us3(:,1) = -K3*zs3(:,1);
r3(1) = zs3(:,1)'*Qz*zs3(:,1) + us3(:,1)'*Rz*us3(:,1);
 
for i = 2:iter
    zs3(:,i) = Az(:,:,i-1)*zs3(:,i-1) + Bz(:,:,i-1)*us3(:,i-1);
    us3(:,i) = -K3*zs3(:,i);
    r3(i) = zs3(:,i)'*Qz*zs3(:,i) + us3(:,i)'*Rz*us3(:,i) + r3(i-1);
end
 
figure (3)
plot(zs3(1,:),'b-');
hold on;
plot(zs3(2,:),'r-.');
plot(zs3(3,:),'g--');
plot(zs3(4,:),'k:');
 
% 5.NCS with random delays and packet losses with optimal control, however,
% Az, Bz are known -------Case 4
 
for i = 1:iter
    [P4(:,:,i),L4(:,i),K4(:,:,i)] = dare(Az(:,:,i),Bz(:,:,i),Qz,Rz);
end
 
zs4(:,1) = [x_int;zeros(4,1)];
us4(:,1) = -K4(:,:,1)*zs4(:,1);
r4(1) = zs4(:,1)'*Qz*zs4(:,1) + us4(:,1)'*Rz*us4(:,1);
 
for i = 2:iter
    zs4(:,i) = Az(:,:,i-1)*zs4(:,i-1) + Bz(:,:,i-1)*us4(:,i-1);
    us4(:,i) = -K4(:,:,i)*zs4(:,i);
    r4(i) = zs4(:,i)'*Qz*zs4(:,i) + us4(:,i)'*Rz*us4(:,i) + r4(i-1);
end
 
figure (4)
plot(zs4(1,:),'b-');
hold on;
plot(zs4(2,:),'r-.');
plot(zs4(3,:),'g--');
plot(zs4(4,:),'k:');
 
figure(5)
plot(r3(iter:-1:1),'r-');
hold on;
plot(r4(iter:-1:1),'b--');
 
% 6. NCS with random delays and packet losses with optimal control. Here,
% Azk and Bzk are unknown -------Case 5
 
% Calculate the desired H matrix
for i = 1:iter
    H_desired(:,:,i) = [Qz+Az(:,:,i)'*P4(:,:,i)*Az(:,:,i) Az(:,:,i)'*P4(:,:,i)*Bz(:,:,i);...
        Bz(:,:,i)'*P4(:,:,i)*Az(:,:,i) Rz+Bz(:,:,i)'*P4(:,:,i)*Bz(:,:,i)];
end
h_temp = h_vector(H_desired(:,:,3));
 
% Consider about linear update
alpha1 = 0.00001;  % Tuning parameter
size_aug = 10;
% noise = 0.0001*randn(size_aug,1);
 
length = size_aug*(size_aug + 1)/2;   % The length of h vector
h_int = zeros(length,1);  % Initial weights
h_1(:,1) = h_int;
 
H_1(:,:,1) = H_int_c5;
% H_1(:,:,1) = zeros(size_aug,size_aug);
% h_1(:,1) = h_vector(H_1(:,:,1));
 
zs5(:,1) = [x_int;zeros(4,1)];
us5(:,1) = -K4(:,:,3)*zs5(:,1);
ws5(:,1) = [zs5(:,1);us5(:,1)];
ws_5(:,1) = activation_vector(ws5(:,1)',size_aug);
r5(1) = zs5(:,1)'*Qz*zs5(:,1) + us5(:,1)'*Rz*us5(:,1);
noise = (0.5)*eye(length);
 
for i = 1:length
%     noise = 0.0001*randn(size_aug,1);
    zs5(:,i+1) = Az(:,:,i)*zs5(:,i) + Bz(:,:,i)*us5(:,i);
    us5(:,i+1) = -K4(:,:,3)*zs5(:,i+1);
    r5(i+1) = zs5(:,i+1)'*Qz*zs5(:,i+1) + us5(:,i+1)'*Rz*us5(:,i+1);
    ws5(:,i+1) = [zs5(:,i+1);us5(:,i+1)];
    ws_5(:,i+1) = activation_vector(ws5(:,i+1)',size_aug);
    delta_w(:,i) = ws_5(:,i+1) - ws_5(:,i);
end
 
e_1(1,:) = r5(1:length) + h_1(:,1)'*delta_w(:,1:length);  % Cacluate the error vector
 
% Update the h matrix
 
h_1(:,2) = ((alpha1*e_1(1,:) - r5(1:length)+h_temp*noise)*pinv(delta_w(:,1:length)+noise))';
% h_1(:,2) = delta_w(:,1:length)'/(alpha1*e_1(1,:) - r5(1:length));
h_temp = h_vector(H_desired(:,:,3));
 
e_1(2,:) = r5(1:length) + h_1(:,2)'*delta_w(:,1:length); 
e_1(3,:) = r5(1:length) + h_temp*(delta_w(:,1:length)+noise)-h_temp*noise; 
%  H_1(:,:,2) = H_matrix(h_1(:,2)',size_aug);
%  K5(:,:,2) = pinv(H_1(9:10,9:10,2))*H_1(9:10,1:8,2);
    
for i = 2:iter-length-1
    H_1(:,:,i) = H_matrix(h_1(:,i)',size_aug);
    K5(:,:,i) = pinv(H_1(9:10,9:10,i))*H_1(9:10,1:8,i);
%     noise = (1+rand)*eye(length);
    
    % Calculate the vector
    us5(:,i) = -K5(:,:,i)*zs5(:,i);
    ws5(:,i) = [zs5(:,i);us5(:,i)];
    ws_5(:,i) = activation_vector(ws5(:,i)',size_aug);
    r5(i) = zs5(:,i)'*Qz*zs5(:,i) + us5(:,i)'*Rz*us5(:,i);
 
    for j = 1:length
        zs5(:,i+j) = Az(:,:,i+j-1)*zs5(:,i+j-1) + Bz(:,:,i+j-1)*us5(:,i+j-1);
        us5(:,i+j) = -K5(:,:,i)*zs5(:,i+j);
        r5(i+j) = zs5(:,i+j)'*Qz*zs5(:,i+j) + us5(:,i+j)'*Rz*us5(:,i+j);
        ws5(:,i+j) = [zs5(:,i+j);us5(:,i+j)];
        ws_5(:,i+j) = activation_vector(ws5(:,i+j)',size_aug);
        delta_w(:,i+j-1) = ws_5(:,i+j) - ws_5(:,i+j-1);
    end
    e_1(i+1,:) = r5(i:length+i-1) + h_1(:,i)'*delta_w(:,i:length+i-1); 
%     h_1(:,i+1) = delta_w(:,i:length+i-1)*pinv(delta_w(:,i:length+i-1)*delta_w(:,i:length+i-1)'+noise)*(alpha1*e_1(i,:) - r5(i:length+i-1))';
    h_1(:,i+1) = ((alpha1*e_1(i+1,:) - r5(i:length+i-1)+h_1(:,i)'*noise)*pinv(delta_w(:,i:length+i-1)+noise))'
  %  e_1(i+1,:) = r5(i:length+i-1) + h_1(:,i+1)'*delta_w(:,i:length+i-1); 
end
 
figure (6)
plot(zs5(1,:),'b-');
hold on;
plot(zs5(2,:),'r-.');
plot(zs5(3,:),'g--');
plot(zs5(4,:),'k:');
 
r_5(1) = r5(1);
for i = 2:iter-1
    r_5(i) = zs5(:,i)'*Qz*zs5(:,i) + us5(:,i)'*Rz*us5(:,i) + r_5(i-1);
end
 
figure (7)
plot(r3(iter-1:-1:1),'r-');
hold on;
plot(r_5(iter-1:-1:1),'b--');
 
for i = 1:iter
    a1(i) = Az(1,5,i);
    a2(i) = Az(1,6,i);
    a3(i) = Az(1,7,i);
    a4(i) = Az(1,8,i);
    a5(i) = Az(2,5,i);
    a6(i) = Az(2,6,i);
    a7(i) = Az(2,7,i);
    a8(i) = Az(2,8,i);
end
 
figure (8)
% plot(a1(1:200));
hold on;
plot(a2(1:200));
% plot(a3(1:200));
plot(a4(1:200));
% plot(a5(1:200));
plot(a6(1:200));
plot(a7(1:200));
% plot(a8(1:200));
 
for i = 1:iter
    b1(i) = Bz(1,1,i);
    b2(i) = Bz(1,2,i);
    b3(i) = Bz(2,1,i);
    b4(i) = Bz(2,2,i);
end
 
figure (9)
% plot(b1(1:200));
hold on;
plot(b2(1:200));
% plot(b3(1:200));
plot(b4(1:200));
 
figure (10)
plot(us5(1,:));
hold on;
plot(us5(2,:))
plot(us3(1,:),'r-');
plot(us3(2,:),'r--');
 
% Plot the Q-function learned
index1 = 1;
in = 230;
for i = -10:0.5:10
    index2 = 1;
    for j = -10:0.5:10
        x_p = [i j 0 0 0 0 0 0]';
        u_p = -K5(:,:,300)*x_p;
        z_p = [x_p;u_p];
        Qq(index1,index2) = z_p'*H_1(:,:,in)*z_p;
        index2 = index2 + 1;
    end
    index1 = index1 + 1;
end
 
figure(11)
mesh(-10:0.5:10,-10:0.5:10,Qq);
 
index1 = 1;
in = 230;
for i = -10:0.5:10
    index2 = 1;
    for j = -10:0.5:10
        x_p = [0 0 i j 0 0 0 0]';
        Qq1(index1,index2) = x_p'*P4(:,:,in)*x_p;
        index2 = index2 + 1;
    end
    index1 = index1 + 1;
end
 
figure(12)
mesh(-10:0.5:10,-10:0.5:10,Qq1);
 
figure(13)
mesh(-10:0.5:10,-10:0.5:10,Qq-Qq1);


Chapter 4
4.8 Matlab Codes
Matlab codes for Example 4.2-1
clear all;
close all;
clc;
 
% 1. Initial Parameter of NCS
Tp = 0.1;    % The sampling interval
iter = 1000;  % The number of iteration
 
% The continuous-time system dynamics
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 -6.654 5.893];
Bc = [0 1.679 1.136 1.136;0 0 -3.146 0]';
 
% Initial system states
x_int = [2 3 5 1]';
 
% Calculating the discrete-time system dynamics based on the defined
% sampling interval
Ad = expm(Ac*Tp);
Bd = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Bc;
 
% 2. Calculating the opitmal control gain
% The parameter of Q and R
[mA,nA] = size(Ad);
[mB,nB] = size(Bd);
Q = eye(nA);
R = eye(nB);
 
% The optimal gain based on ARE
[S,LA,G_opt] = dare(Ad,Bd,Q,R);
 
% The system states without quantization 
x_s1(:,1) = x_int;
u_s1(:,1) = -G_opt*x_s1(:,1);
 
for i = 2:iter
    x_s1(:,i) = Ad*x_s1(:,i-1) + Bd*u_s1(:,i-1);
    u_s1(:,i) = -G_opt*x_s1(:,i);
end
 
% Draw the plot
figure (1)
plot(x_s1(1,:),'b-');
hold on;
plot(x_s1(2,:),'r-.');
plot(x_s1(3,:),'g:');
plot(x_s1(4,:),'k--');
 
% 3. Calculating the NCS with quantization error
mux = 1;
muu = 1;
Mx = 20;
Mu = 20;
Rd = 60; % Data rate of the wireless channel
mux_bound = 1e4;
muu_bound = 1e4;
 
% The system states with qunatization
x_s2(:,1) = x_int;
 
for i = 1:nA
if x_s2(i,1) >= Mx
    x_est2(i,1) = Mx;
else if x_s2(i,1) <= -Mx;
        x_est2(i,1) = -Mx;
    else
        x_est2(i,1) = floor(x_s2(i,1)*mux)/mux;
    end
end
end
 
e_x2(:,1) = x_s2(:,1) - x_est2(:,1); % The quantization error of system state x
u_s2(:,1) = -G_opt*x_est2(:,1);
 
for i = 1:nB
if u_s2(i,1) >= Mu
    u_est2(i,1) = Mu;
else if u_s2(i,1) <= -Mu;
        u_est2(i,1) = -Mu;
    else
        u_est2(i,1) = floor(u_s2(i,1)*muu)/muu;
    end
end
end
 
e_u2(:,1) = u_s2(:,1) - u_est2(:,1); % The quantization error of control input u
 
if sum(e_x2(:,1))/nA >= 0.5*1/mux;
    mux_r(1) = mux;
    Mx_r(1) = Mx;
    Delay_sc(1) = ceil(log2(2*Mx_r(1)*mux_r(1))/(Rd*Tp));
    mux = mux*10;
    if mux <= mux_bound
        mux = mux;
    else
        mux = mux_bound;
    end
    Mx = Mx;
else
    mux_r(1) = mux;
    Mx_r(1) = Mx;
    Delay_sc(1) = ceil(log2(2*Mx_r(1)*mux_r(1))/(Rd*Tp));
    mux = mux;
    Mx = Mx;
end
 
if sum(e_u2(:,1))/nB >= 0.5*1/muu;
    muu_r(1) = muu;
    Mu_r(1) = Mu;
    Delay_ca(1) = ceil(log2(2*Mu_r(1)*muu_r(1))/(Rd*Tp));
    muu = muu*10;
    if muu <= muu_bound
        muu = muu;
    else
        muu = muu_bound;
    end
    Mu = Mu;
else
    muu_r(1) = muu;
    Mu_r(1) = Mu;
    Delay_ca(1) = ceil(log2(2*Mu_r(1)*muu_r(1))/(Rd*Tp));
    muu = muu;
    Mu = Mu;
end
 
for i = 2:iter
    x_s2(:,i) = Ad*x_s2(:,i-1) + Bd*u_est2(:,i-1);
    
    for j = 1:nA
    if x_s2(j,i) >= Mx
        x_est2(j,i) = Mx;
    else if x_s2(j,i) <= -Mx;
            x_est2(j,i) = -Mx;
        else
            x_est2(j,i) = floor(x_s2(j,i)*mux)/mux;
        end
    end
    end
    
    e_x2(:,i) = x_s2(:,i) - x_est2(:,i); % The quantization error of system state x
    u_s2(:,i) = -G_opt*x_est2(:,i);
    
    for j = 1:nB
    if u_s2(j,i) >= Mu
        u_est2(j,i) = Mu;
    else if u_s2(j,i) <= -Mu;
            u_est2(j,i) = -Mu;
        else
            u_est2(j,i) = floor(u_s2(j,i)*muu)/muu;
        end
    end
    end
    
    e_u2(:,i) = u_s2(:,i) - u_est2(:,i); % The quantization error of control input u
    
    if sum(e_x2(:,i))/mA >= 0.5*1/mux;
        mux_r(i) = mux;
        Mx_r(i) = Mx;
        Delay_sc(i) = ceil(log2(2*Mx_r(i)*mux_r(i))/(Rd*Tp));
        mux = mux*10;
        if mux <= mux_bound
            mux = mux;
        else
            mux = mux_bound;
        end
        Mx = Mx;
    else
        mux_r(i) = mux;
        Mx_r(i) = Mx;
        Delay_sc(i) = ceil(log2(2*Mx_r(i)*mux_r(i))/(Rd*Tp));
        mux = mux;
        Mx = Mx;
    end
 
    if sum(e_u2(:,i))/mB >= 0.5*1/muu;
        muu_r(i) = muu;
        Mu_r(i) = Mu;
        Delay_ca(i) = ceil(log2(2*Mu_r(i)*muu_r(i))/(Rd*Tp));
        muu = muu*10;
        if muu <= muu_bound
            muu = muu;
        else
            muu = muu_bound;
        end
        Mu = Mu;
    else
        muu_r(i) = muu;
        Mu_r(i) = Mu;
        Delay_ca(i) = ceil(log2(2*Mu_r(i)*muu_r(i))/(Rd*Tp));
        muu = muu;
        Mu = Mu;
    end
end
 
% Draw the plot
% The system states
figure (2)
plot(x_s2(1,:),'b-');
hold on;
plot(x_s2(2,:),'r-.');
plot(x_s2(3,:),'g:');
plot(x_s2(4,:),'k--');
 
% The quantization error based on system states
figure (3)
plot(e_x2(1,:),'b-');
hold on;
plot(e_x2(2,:),'r-.');
plot(e_x2(3,:),'g:');
plot(e_x2(4,:),'k--');
 
% The quantization error based on control inputs
figure (4)
plot(e_u2(1,:),'b-');
hold on;
plot(e_u2(2,:),'r-.');

Matlab codes for Example 4.3-1
clear all;
close all;
clc;
 
%--------------------------------------------------------------------------
% Nonlinear Networked control system
%--------------------------------------------------------------------------
 
Tp = 0.1;  % The sampling interval
c_t = 0.8;
b_d = 2;   % The delay bound
 
x_int = [5;-3];  % The initial system state
k_s = [-2 -5];   % The stable control gain
k_s_NCS = [-2 -5 -1 -1];
u_int = k_s*x_int;
 
iter = 200; % The iteration time
 
% Case 1: The nonlinear system without delays
x_s1(:,1) = x_int;
u_s1(:,1) = u_int;
for i = 2:iter
    x_s1(:,i) = nonlinear_system_NCS(x_s1(:,i-1),u_s1(:,i-1),Tp);
    u_s1(:,i) = opt_u(x_s1(:,i));
end
 
figure (1)
plot(x_s1(1,:),'b-');
hold on;
plot(x_s1(2,:),'r-');
 
% Case 2: The nonlinear system with delays and case1's control input
x_s2(:,1) = x_int;
u_s1(1) = k_s*x_int;
x_s2(:,2) = nonlinear_system_NCS(x_s2(:,1),0,0,Tp,c_t);
u_s2(2) = k_s*x_s2(:,2);
x_s2(:,3) = nonlinear_system_NCS(x_s2(:,2),u_s2(1),0,Tp,c_t);
u_s2(3) = k_s*x_s2(:,3);
 
for i = 4:iter
    x_s2(:,i) = nonlinear_system_NCS(x_s2(:,i-1),u_s2(i-2),u_s2(i-3),Tp,c_t);
    u_s2(i) = k_s*x_s2(:,i);
end
 
figure (2)
plot(x_s2(1,:),'b-');
hold on;
plot(x_s2(2,:),'r-');
 
% Case 2-1: Without delays use HDP value iteration method
err = 1;
Q = 0.5*eye(2);
R = 1;
x_s21(:,1) = x_s1(:,1);  % The initial state
u_s21(1) = k_s*x_s21(:,1);  % The 1st iteration controller input
alpha1 = 0.0001;
alpha_u = 0.5;
k_i = zeros(1,2);
% W_u(1,:) = zeros(1,3);  % The weights for the control input
 
for i = 1:iter
    err = 1;
    base_x(:,i) = critic_NN_base(x_s21(:,i));
    u_s21(i) = k_i*x_s21(:,i);  % The 1st iteration controller input
    index = 1;
    index2 = 1;
    if i ==1
        W_v(index,:,i) = ones(1,3);
        W_u(index2,:,i) = ones(1,3);
    else
        W_v(index,:,i) = W_v(index+1,:,i-1);
        W_u(index,:,i) = W_u(index,:,i-1);
    end
    index = index + 1;
    index2 = index2 + 1;
 
    while (index <= 5)
        x_s21(:,i+1) = nonlinear_system(x_s21(:,i),u_s21(i),Tp);
        base_x(:,i+1) = critic_NN_base(x_s21(:,i+1));
        d_base_x = base_x(:,i+1) - base_x(:,i);  % sigma 2
        r = x_s21(:,i)'*Q*x_s21(:,i) + u_s21(i)'*R*u_s21(i);
        W_v(index,:,i) = (W_v(index-1,:,i)' - alpha1/(d_base_x'*d_base_x+1)*d_base_x*(d_base_x'*W_v(index-1,:,i)' + r))'; % Update the critic NN weights
    
        % Update action NN control
%         while(index2<=2)
        g_x = G_fun(x_s21(:,i));
        action_b = action_NN_base(x_s21(:,i+1));
        action_b2 = action_NN_base(x_s21(:,i));
        u_s_est(i) = -0.5*inv(R)*g_x'*action_b'*W_v(index,:,i)';
        base_u = -0.5*action_b2*g_x;%0.5*inv(R)*
%         base_u = action_b;
        u_s21(i) = W_u(index-1,:,i)*base_u;
        e_u(i) = u_s21(i) - u_s_est(i);
        W_u(index,:,i) = (W_u(index-1,:,i)' - alpha_u/(base_u'*base_u+1)*base_u*e_u(i))';
%         index = index + 1;
%         end
    
        err = norm(W_v(index,:,i) - W_v(index-1,:,i));
        index = index + 1;
    end
 
    x_s21(:,i+1) = nonlinear_system(x_s21(:,i),u_s21(i),Tp);
 
end
    
figure (3)
plot(x_s21(1,1:200),'b-');
hold on;
plot(x_s21(2,1:200),'r-');
% plot(x_s1(1,1:200),'g-');
% plot(x_s1(2,1:200),'r.-');
 
% Case 2-2: Nonliner without delays and optimal control on time scale
errt = 1;
Qt = 0.5*eye(2);
Rt = 1;
x_st(:,1) = x_s1(:,1);  % The initial state
u_st(1) = k_s*x_s21(:,1);  % The 1st iteration controller input
alpha1t = 0.0001;
alpha_ut = 0.5;
k_i = zeros(1,2);
% W_u(1,:) = zeros(1,3);  % The weights for the control input
 
for i = 1:iter
    
    errt = 1;
    base_xt(:,i) = critic_NN_base(x_st(:,i));
    u_st(i) = k_i*x_st(:,i);  % The 1st iteration controller input
 
    if i ==1
        W_vt(i,:) = ones(1,3);
        W_ut(i,:) = ones(1,3);
%     else
%         W_vt(i,:) = W_vt(i-1,:);
%         W_ut(i,:) = W_ut(i-1,:);
    end
 
    x_st(:,i+1) = nonlinear_system(x_st(:,i),u_st(i),Tp);
    base_xt(:,i+1) = critic_NN_base(x_st(:,i+1));
    d_base_xt = base_xt(:,i+1) - base_xt(:,i);  % sigma 2
    rt = x_st(:,i)'*Qt*x_st(:,i) + u_st(i)'*Rt*u_st(i);
    W_vt(i+1,:) = (W_vt(i,:)' - alpha1t/(d_base_xt'*d_base_xt+1)*d_base_xt*(d_base_xt'*W_vt(i,:)' + rt))'; % Update the critic NN weights
    
    % Update action NN control
%         while(index2<=2)
    g_xt = G_fun(x_st(:,i));
    action_bt = action_NN_base(x_st(:,i+1));
    action_bt2 = action_NN_base(x_st(:,i));
    u_st_est(i) = -0.5*inv(R)*g_xt'*action_bt'*W_vt(i,:)';
    base_ut = -0.5*action_bt2*g_xt;%0.5*inv(R)*
%         base_u = action_b;
    u_st(i) = W_ut(i,:)*base_ut;
    e_ut(i) = u_st(i) - u_st_est(i);
    W_ut(i+1,:) = (W_ut(i,:)' - alpha_u/(base_ut'*base_ut+1)*base_ut*e_ut(i))';
%         index = index + 1;
%         end
    
    err = norm(W_vt(i+1,:) - W_vt(i,:));
%         index = index + 1;
 
    x_st(:,i+1) = nonlinear_system(x_st(:,i),u_st(i),Tp);
 
end
    
figure (4)
plot(x_st(1,1:200),'b-');
hold on;
plot(x_st(2,1:200),'r-');
plot(x_s1(1,1:200),'g-');
plot(x_s1(2,1:200),'r.-');
 
% Case 2-3: The stable control for NNCS
z_int = [x_int;0;0];  % The initial augment state
z_ss(:,1) = z_int;
u_ss(:,1) = k_s_NCS*z_ss(:,1);
z_ss(1:2,2) = nonlinear_system_NCS(z_ss(1:2,1),0,0,Tp,c_t);
z_ss(3:4,2) = zeros(2,1);
u_ss(:,2) = k_s_NCS*z_ss(:,2);
z_ss(1:2,3) = nonlinear_system_NCS(z_ss(1:2,2),u_ss(1),0,Tp,c_t);
z_ss(3:4,3) = zeros(2,1);
u_ss(:,3) = k_s_NCS*z_ss(:,3);
 
Qss = 0.5*eye(4);
Rss = 1;
 
for i = 4:iter
    z_ss(1:2,i) = nonlinear_system_NCS(z_ss(1:2,i-1),u_ss(i-2),u_ss(i-3),Tp,c_t);
    z_ss(3:4,i) = [u_ss(i-1);u_ss(i-2)];
    u_ss(i) = k_s_NCS*z_ss(:,i);
end
 
cost_ss(1) = z_ss(:,1)'*Qss*z_ss(:,1) + u_ss(:,1)'*Rss*u_ss(:,1);
for i = 2:iter
    cost_ss(i) = cost_ss(i-1) + z_ss(:,i)'*Qss*z_ss(:,i) + u_ss(:,i)'*Rss*u_ss(:,i);
end
 
figure (5)
plot(z_ss(1,:),'b-');
hold on;
plot(z_ss(2,:),'r-');
 
% Case 3: The nonlinear with delays and new stable control input with
% augment state
qq = 3;
z_int = [x_int;0;0];  % The initial augment state
k_us_NCS = randn(1,4);
z_s3(:,1) = z_int;
z_s31(:,1) = floor(z_s3(:,1)*qq)/qq;
u_sz(:,1) = k_s_NCS*z_s3(:,1);
z_s3(1:2,2) = nonlinear_system_NCS(z_s3(1:2,1),0,0,Tp,c_t);
z_s3(3:4,2) = zeros(2,1);
z_s31(:,2) = floor(z_s3(:,2)*qq)/qq;
u_sz(:,2) = k_s_NCS*z_s3(:,2);
z_s3(1:2,3) = nonlinear_system_NCS(z_s3(1:2,2),u_s2(1),0,Tp,c_t);
z_s3(3:4,3) = zeros(2,1);
z_s31(:,3) = floor(z_s3(:,3)*qq)/qq;
u_sz(:,3) = k_s_NCS*z_s3(:,3);
Qz = 0.5*eye(4);
Rz = 1;
alpha1z = 0.00000000001;
alpha_uz = 0.00005;
 
for i = 4:iter
    z_s3(1:2,i) = nonlinear_system_NCS(z_s3(1:2,i-1),u_sz(i-2),u_sz(i-3),Tp,c_t);
    z_s3(3:4,i) = [u_sz(i-1);u_sz(i-2)];
    z_s31(:,i) = floor(z_s3(:,i)*qq)/qq;
    
    err1 = 1;
    base_z(:,i) = critic_NN_base_aug(z_s3(:,i),z_s3(3,i),z_s3(4,i));
    u_sz(i) = k_s_NCS*z_s3(:,i);  % The 1st iteration controller input
    indexz = 1;
    
    if i == 4
        W_vz(indexz,:,i) = randn(1,10);
        W_uz(indexz,:,i) = randn(1,10);
    else
        W_vz(indexz,:,i) = W_vz(indexz+1,:,i-1);
        W_uz(indexz,:,i) = W_uz(indexz+1,:,i-1);
    end
    indexz = indexz + 1;
 
    while (indexz <= 10)
        z_s3(1:2,i+1) = nonlinear_system_NCS(z_s3(1:2,i),u_sz(i-1),u_sz(i-2),Tp,c_t);
        z_s3(3:4,i+1) = [u_sz(i);u_sz(i-1)];
        z_s31(:,i+1) = floor(z_s3(:,i+1)*qq)/qq;
        base_z(:,i+1) = critic_NN_base_aug(z_s3(1:2,i+1),z_s3(3,i+1),z_s3(4,i+1));
        d_base_z = base_z(:,i+1) - base_z(:,i);  % sigma 2
        r = z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(i)'*Rz*u_sz(i);
        W_vz(indexz,:,i) = (W_vz(indexz-1,:,i)' - alpha1z/(d_base_z'*d_base_z+1)*d_base_z*(d_base_z'*W_vz(indexz-1,:,i)' + r))'; % Update the critic NN weights
    
        % Update action NN control
%         g_z = G_fun(z_s3(1:2,i));
        g_z = [0;0;1;0];
        action_bz = action_NN_base_aug(z_s3(1:2,i+1),z_s3(3,i+1),z_s3(4,i+1));
        action_bz1 = action_NN_base_aug(z_s3(1:2,i),z_s3(3,i),z_s3(4,i));
        u_s_estz(i) = -0.5*inv(R)*g_z'*action_bz'*W_vz(indexz,:,i)';
        base_uz = -0.5*inv(R)*action_bz1*g_z;
        u_sz(i) = W_uz(indexz-1,:,i)*base_uz;
        e_uz(i) = u_sz(i) - u_s_estz(i);
        W_uz(indexz,:,i) = (W_uz(indexz-1,:,i)' - alpha_uz/(base_uz'*base_uz+1)*base_uz*e_uz(i))';
    
        err1 = norm(W_vz(indexz,:,i) - W_vz(indexz-1,:,i));
        indexz = indexz + 1;
    end
 
    z_s3(1:2,i+1) = nonlinear_system_NCS(z_s3(1:2,i),u_sz(i-1),u_sz(i-2),Tp,c_t);
    z_s3(3:4,i+1) = [u_sz(i);u_sz(i-1)];
    z_s31(:,i+1) = floor(z_s3(:,i+1)*qq)/qq;
%     u_s3(i) = k_s_NCS*z_s3(:,i);
end
 
cost_s3(1) = z_s3(:,1)'*Qz*z_s3(:,1) + u_sz(:,1)'*Rz*u_sz(:,1);
for i = 2:iter
    cost_s3(i) = cost_s3(i-1) + z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(:,i)'*Rz*u_sz(:,i);
end
 
figure (6)
plot(z_s3(1,:),'b-');
hold on;
plot(z_s3(2,:),'r-');
 
qq = 1;
 
z_int = [x_int;0;0];  % The initial augment state
z_st(:,1) = z_int;
z_st1(:,1) = floor(z_st(:,1)*qq)/qq;
u_szt(:,1) = k_s_NCS*z_st(:,1);
z_st(1:2,2) = nonlinear_system_NCS(z_st(1:2,1),0,0,Tp,c_t);
z_st(3:4,2) = zeros(2,1);
z_st1(:,2) = floor(z_st(:,2)*qq)/qq;
u_szt(:,2) = k_s_NCS*z_s3(:,2);
z_st(1:2,3) = nonlinear_system_NCS(z_st(1:2,2),u_szt(1),0,Tp,c_t);
z_st(3:4,3) = zeros(2,1);
z_st1(:,3) = floor(z_st(:,3)*qq)/qq;
u_szt(:,3) = k_s_NCS*z_st(:,3);
Qz = 0.5*eye(4);
Rz = 1;
alpha1zt = 0.001;
alpha_uzt = 0.05;
alphag = 0.1;
 
% W_uzt(3,:) = ones(1,10);
 
for i = 4:iter
    z_st(1:2,i) = nonlinear_system_NCS(z_st(1:2,i-1),u_szt(i-2),u_szt(i-3),Tp,c_t);
    z_st(3:4,i) = [u_szt(i-1);u_szt(i-2)];
    z_st1(:,i) = floor(z_st(:,i)*qq)/qq;
    
    err1 = 1;
    g_zt = [0;0;1;0];
    base_zt(:,i) = critic_NN_base_aug(z_st(:,i),z_st(3,i),z_st(4,i));
    action_bzt1 = action_NN_base_aug(z_st(1:2,i),z_st(3,i),z_st(4,i));
%     u_szt(i) = k_s_NCS*z_st(:,i);  % The 1st iteration controller input
    base_pre = -0.5*inv(R)*action_bzt1*g_zt;
    if i == 4
        u_szt(i) = k_s_NCS*z_st(:,i);
    else
        u_szt(i) = W_uzt(i-1,:)*base_pre;  % The 1st iteration controller input
    end
%     indexz = 1;
    if i == 4
        W_vzt(i,:) = 0.1*ones(1,10);
        W_uzt(i,:) = 0.1*ones(1,10);
        Wg(:,:,i) = 0*ones(4,10);
%     else
%         W_vzt(i,:) = W_vzt(i-1,:);
%         W_uzt(i,:) = W_uzt(i-1,:);
    end
    err_g(:,i) = g_zt - Wg(:,:,i)*base_zt(:,i);
    Wg(:,:,i+1) = -(Wg(:,:,i)' - alphag/(base_zt(:,i)'*base_zt(:,i) + 1)*base_zt(:,i)*err_g(:,i)')';%Wg(:,:,i)'
%     indexz = indexz + 1;
 
%     while (indexz <= 100)
    z_st(1:2,i+1) = nonlinear_system_NCS(z_st(1:2,i),u_szt(i-1),u_szt(i-2),Tp,c_t);
    z_st(3:4,i+1) = [u_szt(i);u_szt(i-1)];
    z_st1(:,i+1) = floor(z_st(:,i+1)*qq)/qq;
    base_zt(:,i+1) = critic_NN_base_aug(z_st(1:2,i+1),z_st(3,i+1),z_st(4,i+1));
    d_base_zt = base_zt(:,i+1) - base_zt(:,i);  % sigma 2
    rt = z_st(:,i)'*Qz*z_st(:,i) + u_szt(i)'*Rz*u_szt(i);
    W_vzt(i+1,:) = (W_vzt(i,:)' - alpha1zt/(d_base_zt'*d_base_zt+1)*d_base_zt*(d_base_zt'*W_vzt(i,:)' + rt))'; % Update the critic NN weights
    
    % Update action NN control
%         g_z = G_fun(z_s3(1:2,i));
%     g_zt = [0;0;1;0];
    action_bzt = action_NN_base_aug(z_st(1:2,i+1),z_st(3,i+1),z_st(4,i+1));
    action_bzt1 = action_NN_base_aug(z_st(1:2,i),z_st(3,i),z_st(4,i));
    u_s_estzt(i) = -0.5*inv(R)*g_zt'*action_bzt'*W_vzt(i,:)';
    base_uzt = -0.5*inv(R)*action_bzt1*(Wg(:,:,i+1)*base_zt(:,i));
%     base_pre = base_uzt;
    u_szt(i) = W_uzt(i,:)*base_uzt;
    e_uzt(i) = u_szt(i) - u_s_estzt(i);
    W_uzt(i+1,:) = (W_uzt(i,:)' - alpha_uzt/(base_uzt'*base_uzt+1)*base_uzt*e_uzt(i))';
    
    err1t = norm(W_vzt(i+1,:) - W_vzt(i-1,:));
%         indexz = indexz + 1;
 
 
    z_st(1:2,i+1) = nonlinear_system_NCS(z_st(1:2,i),u_szt(i-1),u_szt(i-2),Tp,c_t);
    z_st(3:4,i+1) = [u_szt(i);u_szt(i-1)];
    z_st1(:,i+1) = floor(z_st(:,i+1)*qq)/qq;
%     u_s3(i) = k_s_NCS*z_s3(:,i);
end
 
cost_st(1) = z_st(:,1)'*Qz*z_st(:,1) + u_szt(:,1)'*Rz*u_szt(:,1);
for i = 2:iter
    cost_st(i) = cost_st(i-1) + z_st(:,i)'*Qz*z_st(:,i) + u_szt(:,i)'*Rz*u_szt(:,i);
end
 
figure (7)
plot(z_st(1,:),'b-');
hold on;
plot(z_st(2,:),'r-');
% plot(z_s3(1,:),'b--');
% plot(z_s3(2,:),'g-.');
 
figure (8)
% plot(cost_ss(iter:-1:1),'b-');
hold on;
plot(cost_s3(iter:-1:1),'r-');
plot(cost_st(iter:-1:1),'g-');
 
figure (9)
plot(W_vzt(:,1),'b-');
hold on;
plot(W_vzt(:,2),'b-');
plot(W_vzt(:,3),'b-');
plot(W_vzt(:,4),'b-');
plot(W_vzt(:,5),'b-');
plot(W_vzt(:,6),'b-');
plot(W_vzt(:,7),'b-');
plot(W_vzt(:,8),'b-');
plot(W_vzt(:,9),'b-');
plot(W_vzt(:,10),'b-');
 
figure (10)
plot(W_uzt(:,1),'b-');
hold on;
plot(W_uzt(:,2),'b-');
plot(W_uzt(:,3),'b-');
plot(W_uzt(:,4),'b-');
plot(W_uzt(:,5),'b-');
plot(W_uzt(:,6),'b-');
plot(W_uzt(:,7),'b-');
plot(W_uzt(:,8),'b-');
plot(W_uzt(:,9),'b-');
plot(W_uzt(:,10),'b-');
 
figure (11)
plot(u_sz(1,:),'b-');
hold on;
plot(u_szt(1,:),'r-');
 

























Chapter 5
5.7 Matlab Codes
Matlab code for Example 5.2-1
clear all;
close all;
clc;
 
% 1. Initiation
iter = 500;
Tp = 0.1; % The sampling time
B_delay = 2; % The bound of the delay
 
% 1-1. The original system model and discrete time model
Ac = [-1.01887 0.90506 0.00215;...
    0.82225 -1.07741 -0.1755;...
    0 0 -20.2];
Bc = [0.023;0;20.2];
Dc = [0.1;0.0038373;0.00001];
 
% 1-2. Random delays
ind = 10;
 
num_d = iter/ind;
Delay1 = B_delay*Tp*rand(1,num_d);
Delay2 = B_delay*Tp*(1+rand(1,num_d));
 
for i = 1:num_d
    for j = 1:ind
        R_de(:,(i-1)*ind+j) = [Delay1(i);Delay2(i)];
        D_use1(:,(i-1)*ind+j) = [Tp-Delay1(i),B_delay*Tp-Delay2(i)];
        D_use(1,(i-1)*ind+j) = Delay2(i) - Tp;
        D_use(2,(i-1)*ind+j) = B_delay*Tp - Delay2(i);
    end
end
 
% 1-3. Generate the augmented state model Af, Bf, Df
Az = expm(Ac*Tp);
Bz = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Bc;
Dz = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Dc;
Az1 = [0.906488 0.0816012 -0.0005;0.0741349 0.90121 -0.000708383; 0 0 0.132655];
Bz1 = [-0.00150808;-0.0096;0.867345];
Dz1 = [0.00951892;0.00038373;0];
for i = 1:iter
%     B1(:,i) = quadv(@(t)myFun(t,-Ac),0,D_use(1,i))*expm(Ac*(Tp+D_use(1,i)))*Bc;
    B1(:,i) = zeros(3,1);  % uk
    B2(:,i) = quadv(@(t)myFun(t,-Ac),D_use(1,i),Tp)*expm(Ac*Tp)*Bc;  %uk-1
    B3(:,i) = quadv(@(t)myFun(t,-Ac),0,D_use(1,i))*expm(Ac*Tp)*Bc; %uk-2  
%     D1(:,i) = quadv(@(t)myFun(t,-Ac),0,D_use(1,i))*expm(Ac*(Tp+D_use(1,i)))*Dc;
    D1(:,i) = zeros(3,1);   %dk
    D2(:,i) = quadv(@(t)myFun(t,-Ac),D_use(1,i),Tp)*expm(Ac*Tp)*Dc;  %dk-1
    D3(:,i) = quadv(@(t)myFun(t,-Ac),0,D_use(1,i))*expm(Ac*Tp)*Dc;  %dk-2
    Af(:,:,i) = [Az B2(:,i) B3(:,i) D2(:,i) D3(:,i);zeros(1,7);zeros(1,4) 1 0 0 ;zeros(1,7);zeros(1,6) 1];
    Bf(:,i) = [B1(:,i);1;zeros(3,1)];
    Df(:,i) = [D1(:,i);0;0;1;0];
end
 
% 2. Comparing several cases.
% 2-1. Case 1: Generate the standard stable control
L_s = [0.1476 0.1244 0];
K_s = [0.0733 0.0872 -0.0661];
% L_s = [0.1476 0.1244 0.5];  % Stable disturbance gain
% K_s = [0.9733 0.0872 -0.661]; % Stable control gain
x_int = [10 5 -2]';
 
xtemp1 = x_int;
for i = 1:iter
    utemp1 = K_s*xtemp1;
    dtemp1 = L_s*xtemp1;
    x_s1(:,i) = Az1*xtemp1 + Bz1*utemp1 + Dz1*dtemp1;
    xtemp1 = x_s1(:,i);
end
 
% Draw the state trajectory
figure (1)
plot(x_s1(1,:),'b-');
hold on;
plot(x_s1(2,:),'r-');
plot(x_s1(3,:),'g-');
 
% 2-2. Case 2: State trajectory without considering delays and packet
% losses
% Still the same gains for control and disturbance
 
xtemp21 = x_int;
% For time 1 no control input
x_s2(:,1) = Az*xtemp21;
xtemp22 = x_s2(:,1);
% For time 2 
uk_1 = K_s*xtemp21;
dk_1 = L_s*xtemp21;
x_s2(:,2) = Az*xtemp22 + B2(:,1)*uk_1 + D2(:,1)*dk_1;
xtemp20 = xtemp21;
xtemp21 = xtemp22;
xtemp22 = x_s2(:,2);
 
for i = 3:iter
    uk_2 = K_s*xtemp20;
    uk_1 = K_s*xtemp21;
    dk_2 = L_s*xtemp20;
    dk_1 = L_s*xtemp21;
    x_s2(:,i) = Az*xtemp22 + B2(:,i-1)*uk_1 + B3(:,i-1)*uk_2 + D2(:,i-1)*dk_1 + D3(:,i-1)*dk_2;
    xtemp20 = xtemp21;
    xtemp21 = xtemp22;
    xtemp22 = x_s2(:,i);
end
 
figure(2)
plot(x_s2(1,:),'b-');
hold on;
plot(x_s2(2,:),'r-');
plot(x_s2(3,:),'g-');
 
% 2-3. Case 3: Withnn Q-learning LQR considering with delays and packet losses
Q = eye(7);
R = [1 0;0 -1];
PP = [Q zeros(7,2);zeros(2,7) R];
for i = 1:num_d
    A_lqr(:,:,i) = Af(:,:,ind*(i-1)+1);
    B_lqr(:,:,i) = [Bf(:,ind*(i-1)+1) Df(:,ind*(i-1)+1)]+1e-8*rand(7,2);
    [P(:,:,i),L(:,i),G(:,:,i)] = dare(A_lqr(:,:,i),B_lqr(:,:,i),Q,R);
    for j = ind*(i-1)+1:ind*i
        H_desired(:,:,j) = PP+[A_lqr(:,:,i)';B_lqr(:,:,i)']*P(:,:,i)*[A_lqr(:,:,i)';B_lqr(:,:,i)']';
        L_de(:,j) = pinv(H_desired(8,8,j)-H_desired(8,9,j)*pinv(H_desired(9,9,j))*H_desired(9,8,j))*(H_desired(8,9,j)*pinv(H_desired(9,9,j))*H_desired(9,1:7,j)-H_desired(8,1:7,j));
        K_de(:,j) = pinv(H_desired(9,9,j)-H_desired(9,8,j)*pinv(H_desired(8,8,j))*H_desired(8,9,j))*(H_desired(9,8,j)*pinv(H_desired(8,8,j))*H_desired(8,1:7,j)-H_desired(9,1:7,j));
    end
end
 
z_s1int = [x_int;0;0;0;0];
z_temp = z_s1int;
% u_temp = -G(1,:,1)*z_temp;
% d_temp = -G(2,:,1)*z_temp;
u_temp = L_de(:,1)'*z_temp;
d_temp = K_de(:,1)'*z_temp;
u_s3(:,1) = u_temp;
d_s3(:,1) = d_temp;
j = 1;
index = 1;
for i = 1:iter
    z_s1(:,i) = Af(:,:,i)*z_temp + Bf(:,i)*u_temp + Df(:,i)*d_temp;
    z_temp = z_s1(:,i);
    if j>ind
        j = 1;
        index = index+1;
    else
        j = j+1;
    end
%     u_temp = -G(1,:,index)*z_temp;
%     d_temp = -G(2,:,index)*z_temp;
    u_temp = L_de(:,i)'*z_temp;
    d_temp = K_de(:,i)'*z_temp;
    u_s3(:,i) = u_temp;
    d_s3(:,i) = d_temp;
end
figure (3)
plot(z_s1(1,:),'b-');
hold on;
plot(z_s1(2,:),'r-');
plot(z_s1(3,:),'g-');
 
% 2-4. Case 4: Q-learning with delays and packet losses
% 1. Initial augment states
q = 9;
l_len = q*(q+1)/2;
 
h(:,1) = zeros(1,45);
H(:,:,1) = matrix_H(h(:,1),9);
% H(:,:,1) = H_desired(:,:,1)
index_h = 1;
L_q(1,:) = zeros(1,7);
K_q(1,:) = zeros(1,7);
value_q = 1;
% x_temp4 = x_int;
% for i = 1:l_len+1
%     x_s4(:,i) = Az*x_temp4;
%     x_temp4 = x_s4(:,i);
%     a_s4(:,i) = [x_s4(:,i);1e-10*rand(6,1)];
% end
% ep = 0.1;
% Rd_use = eye(3);
% Qd_use = 1;
% Dd_use = -1;
% value_q = 1;
% 
% noise1 = 1e-10*rand;
% noise2 = 1e-10*rand
% 
% while(value_q > ep)
%     
%     for i = 1:l_len
%         ui4(i) = L_q(index_h,:)*a_s4(1:7,i)+noise1;%1e-10*rand;
%         di4(i) = K_q(index_h,:)*a_s4(1:7,i)+noise2;%1e-10*rand;
%         d_test(i) = a_s4(1:3,i)'*Rd_use*a_s4(1:3,i) + ui4(i)'*Qd_use*ui4(i) + di4(i)'*Dd_use*di4(i) + a_s4(:,i+1)'*H(:,:,index_h)*a_s4(:,i+1);
%     end
%     ui4(l_len+1) = L_q(index_h,:)*a_s4(1:7,l_len+1)+noise1;%1e-10*rand;
%     di4(l_len+1) = K_q(index_h,:)*a_s4(1:7,l_len+1)+noise2;%1e-10*rand;
%     
%     index_h = index_h + 1;
%     a_s4 = [a_s4(1:7,1:46);ui4;di4];
%     a_sc = a_s4(:,1:45);
%     a_sc_v = vector_state(a_sc,l_len,q);
%     h(:,index_h) = pinv(a_sc_v*a_sc_v')*a_sc_v*d_test';
%     H(:,:,index_h) = matrix_H(h(:,index_h),9);
%     L_q(index_h,:) = pinv(H(8,8,index_h)-H(8,9,index_h)*pinv(H(9,9,index_h))*H(9,8,index_h))*(H(8,9,index_h)*pinv(H(9,9,index_h))*H(9,1:7,index_h)-H(8,1:7,index_h));
%     K_q(index_h,:) = pinv(H(9,9,index_h)-H(9,8,index_h)*pinv(H(8,8,index_h))*H(8,9,index_h))*(H(9,8,index_h)*pinv(H(8,8,index_h))*H(8,1:7,index_h)-H(9,1:7,index_h));
% %     
% %     as_temp4 = [x_int;zeros(4,1)];
% %     
% %     for i = 1:l_len+1
% %         u_s4(:,i) = L_q(index_h,:)*as_temp4;
% %         d_s4(:,i) = K_q(index_h,:)*as_temp4;
% %         z_s4(:,i) = Af(:,:,i)*as_temp4 + Bf(:,i)*u_s4(:,i) + Df(:,i)*d_s4(:,i);
% %         as_temp4 = z_s4(:,i);
% %         a_s4(:,i) = [z_s4(:,i);u_s4(:,i);d_s4(:,i)];
% %     end
%     
%     value_q = norm(h(:,index_h)-h(:,index_h-1),'fro');
%     
% end
 
ep = 0.01;
for ii = 1:iter/ind
while(index_h < (ii-1)*ind+ind)
    
    index_h = index_h + 1;
    TT = [Af(:,:,(ii-1)*ind+1) Bf(:,1) Df(:,1);L_q(index_h-1,:)*Af(:,:,(ii-1)*ind+1) L_q(index_h-1,:)*Bf(:,1) L_q(index_h-1,:)*Df(:,1);K_q(index_h-1,:)*Af(:,:,(ii-1)*ind+1) K_q(index_h-1,:)*Bf(:,1) K_q(index_h-1,:)*Df(:,1)];
    H(:,:,index_h) = PP + TT'*H(:,:,index_h-1)*TT;
    L_q(index_h,:) = pinv(H(8,8,index_h)-H(8,9,index_h)*pinv(H(9,9,index_h))*H(9,8,index_h))*(H(8,9,index_h)*pinv(H(9,9,index_h))*H(9,1:7,index_h)-H(8,1:7,index_h));
    K_q(index_h,:) = pinv(H(9,9,index_h)-H(9,8,index_h)*pinv(H(8,8,index_h))*H(8,9,index_h))*(H(9,8,index_h)*pinv(H(8,8,index_h))*H(8,1:7,index_h)-H(9,1:7,index_h));
%     
%     as_temp4 = [x_int;zeros(4,1)];
%     
%     for i = 1:l_len+1
%         u_s4(:,i) = L_q(index_h,:)*as_temp4;
%         d_s4(:,i) = K_q(index_h,:)*as_temp4;
%         z_s4(:,i) = Af(:,:,i)*as_temp4 + Bf(:,i)*u_s4(:,i) + Df(:,i)*d_s4(:,i);
%         as_temp4 = z_s4(:,i);
%         a_s4(:,i) = [z_s4(:,i);u_s4(:,i);d_s4(:,i)];
%     end
    
    value_q = norm(H(:,:,index_h)-H(:,:,index_h-1),'fro');
    
end
end
x_s41_temp = [x_int;zeros(4,1)];
z_s41(:,1) = x_s41_temp;
for i = 1:500
    x_s41(:,i) = x_s41_temp;
    u_s41(:,i) = L_q(index_h,:)*x_s41(:,i);
    d_s41(:,i) = K_q(index_h,:)*x_s41(:,i);
    z_s41(:,i+1) = Af(:,:,i)*x_s41(:,i) + Bf(:,i)*u_s41(:,i) + Df(:,i)*d_s41(:,i);
    x_s41_temp = z_s41(1:7,i+1);
end
 
cost_3_temp = 0;
for jj = 1:500
    cost_3(jj) = abs(cost_3_temp + z_s1(1:3,jj)'*eye(3)*z_s1(1:3,jj) + u_s3(:,jj)'*1*u_s3(:,jj) + d_s3(:,jj)'*(-1)*d_s3(:,jj));
    cost_3_temp = cost_3(jj);
end
 
cost_4_temp = 0;
for jj = 1:500
    cost_4(jj) = abs(cost_4_temp + x_s41(1:3,jj)'*eye(3)*x_s41(1:3,jj) + u_s41(:,jj)'*1*u_s41(:,jj) + d_s41(:,jj)'*(-1)*d_s41(:,jj));
    cost_4_temp = cost_4(jj);
end
 
x_s51_temp = [x_int;zeros(4,1)];
for ii = 1:7
    for jj = 1:7
        Af_5(ii,jj) = mean(Af(ii,jj,:));
    end
    Bf_5(ii,1) = mean(Bf(ii,:));
    Df_5(ii,1) = mean(Df(ii,:));
end
 
H_q5(:,:,1) = zeros(9,9);
% H(:,:,1) = H_desired(:,:,1)
index_h = 1;
L_q5(1,:) = zeros(1,7);
K_q5(1,:) = zeros(1,7);
while(index_h < iter)
    
    index_h = index_h + 1;
    TT_5 = [Af_5(:,:) Bf_5(:,1) Df_5(:,1);L_q5(index_h-1,:)*Af_5(:,:) L_q5(index_h-1,:)*Bf_5(:,1) L_q5(index_h-1,:)*Df_5(:,1);K_q5(index_h-1,:)*Af_5(:,:) K_q5(index_h-1,:)*Bf_5(:,1) K_q5(index_h-1,:)*Df_5(:,1)];
    H_q5(:,:,index_h) = PP + TT_5'*H_q5(:,:,index_h-1)*TT_5;
    L_q5(index_h,:) = pinv(H_q5(8,8,index_h)-H_q5(8,9,index_h)*pinv(H_q5(9,9,index_h))*H_q5(9,8,index_h))*(H_q5(8,9,index_h)*pinv(H_q5(9,9,index_h))*H_q5(9,1:7,index_h)-H_q5(8,1:7,index_h));
    K_q5(index_h,:) = pinv(H_q5(9,9,index_h)-H_q5(9,8,index_h)*pinv(H_q5(8,8,index_h))*H_q5(8,9,index_h))*(H_q5(9,8,index_h)*pinv(H_q5(8,8,index_h))*H_q5(8,1:7,index_h)-H_q5(9,1:7,index_h));
    
    value_q = norm(H_q5(:,:,index_h)-H_q5(:,:,index_h-1),'fro');
    
end
 
for i = 1:500
    x_s51(:,i) = x_s51_temp;
    u_s51(:,i) = L_q5(i,:)*x_s51(:,i);
    d_s51(:,i) = K_q5(i,:)*x_s51(:,i);
    z_s51(:,i+1) = Af(:,:,i)*x_s51(:,i) + Bf(:,i)*u_s51(:,i) + Df(:,i)*d_s51(:,i);
    x_s51_temp = z_s51(1:7,i+1);
end
 
cost_5_temp = 0;
for jj = 1:500
    cost_5(jj) = abs(cost_5_temp + x_s51(1:3,jj)'*eye(3)*x_s51(1:3,jj) + u_s51(:,jj)'*1*u_s51(:,jj) + d_s51(:,jj)'*(-1)*d_s51(:,jj));
    cost_5_temp = cost_5(jj);
end
 
figure (4)
plot(z_s41(1,:),'b-');
hold on;
plot(z_s41(2,:),'r-');
plot(z_s41(3,:),'g-');
 
figure (5)
plot(z_s51(1,:),'b-');
hold on;
plot(z_s51(2,:),'r-');
plot(z_s51(3,:),'g-');
 
figure(6)
% plot(cost_3(iter:-1:1),'b-');
hold on;
plot(cost_4(iter:-1:1),'r--');
plot(cost_5(iter:-1:1),'g-.');














Chapter 6
6.7 Matlab Codes

Matlab codes for Example 6.3-1
clear all;
close all;
clc;
 
%--------------------------------------------------------------------------
% Nonlinear Networked control system
%--------------------------------------------------------------------------
 
Tp = 0.1;  % The sampling interval
c_t = 0.8;
b_d = 2;   % The delay bound
 
x_int = [6;-3.5];  % The initial system state
k_s = [-2 -5];   % The stable control gain
k_s_NCS = [-2 -5 -1 -1];
u_int = k_s*x_int;
 
iter = 200; % The iteration time
tN = iter;
% Generating the time-dependent activation function
 
THRESHOLD = 3.50e2;
for k = 1 : (tN+1)
    Phi_n(:,:,k) = THRESHOLD * ...
        tanh( [(tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5,  (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1; ...
               (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4,  (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9; ...
               (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3,  (tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8; ...
               (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2,  (tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7; ...
               (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,      1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6; ...
               (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,    1,        (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5; ...
               (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,      1,     (tN+1-k)^9,  (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4; ...
               (tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8,  (tN+1-k)^7, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4; ...
                 tN+1-k,        1,     (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7,  (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2; ...
                   1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6,  (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1 ] / THRESHOLD );
end
 
% Case 1: The nonlinear system without delays
x_s1(:,1) = x_int;
u_s1(:,1) = u_int;
for i = 2:iter
    x_s1(:,i) = nonlinear_system(x_s1(:,i-1),u_s1(:,i-1),Tp);
    u_s1(:,i) = opt_u(x_s1(:,i));
end
 
figure (1)
plot(x_s1(1,:),'b-');
hold on;
plot(x_s1(2,:),'r-');
 
% Case 2: The nonlinear system with delays and case1's control input
x_s2(:,1) = x_int;
u_s1(1) = k_s*x_int;
x_s2(:,2) = nonlinear_system_NCS(x_s2(:,1),0,0,Tp,c_t);
u_s2(2) = k_s*x_s2(:,2);
x_s2(:,3) = nonlinear_system_NCS(x_s2(:,2),u_s2(1),0,Tp,c_t);
u_s2(3) = k_s*x_s2(:,3);
 
for i = 4:iter
    x_s2(:,i) = nonlinear_system_NCS(x_s2(:,i-1),u_s2(i-2),u_s2(i-3),Tp,c_t);
    u_s2(i) = k_s*x_s2(:,i);
end
 
figure (2)
plot(x_s2(1,:),'b-');
hold on;
plot(x_s2(2,:),'r-');
 
% Case 2-1: Without delays use HDP value iteration method
err = 1;
Q = 0.5*eye(2);
R = 1;
x_s21(:,1) = x_s1(:,1);  % The initial state
u_s21(1) = k_s*x_s21(:,1);  % The 1st iteration controller input
alpha1 = 0.0001;
alpha_u = 0.5;
k_i = zeros(1,2);
% W_u(1,:) = zeros(1,3);  % The weights for the control input
 
for i = 1:iter
    err = 1;
    base_x(:,i) = critic_NN_base(x_s21(:,i));
    u_s21(i) = k_i*x_s21(:,i);  % The 1st iteration controller input
    index = 1;
    index2 = 1;
    if i ==1
        W_v(index,:,i) = ones(1,3);
        W_u(index2,:,i) = ones(1,3);
    else
        W_v(index,:,i) = W_v(index+1,:,i-1);
        W_u(index,:,i) = W_u(index,:,i-1);
    end
    index = index + 1;
    index2 = index2 + 1;
 
    while (index <= 5)
        x_s21(:,i+1) = nonlinear_system(x_s21(:,i),u_s21(i),Tp);
        base_x(:,i+1) = critic_NN_base(x_s21(:,i+1));
        d_base_x = base_x(:,i+1) - base_x(:,i);  % sigma 2
        r = x_s21(:,i)'*Q*x_s21(:,i) + u_s21(i)'*R*u_s21(i);
        W_v(index,:,i) = (W_v(index-1,:,i)' - alpha1/(d_base_x'*d_base_x+1)*d_base_x*(d_base_x'*W_v(index-1,:,i)' + r))'; % Update the critic NN weights
    
        % Update action NN control
%         while(index2<=2)
        g_x = G_fun(x_s21(:,i));
        action_b = action_NN_base(x_s21(:,i+1));
        action_b2 = action_NN_base(x_s21(:,i));
        u_s_est(i) = -0.5*inv(R)*g_x'*action_b'*W_v(index,:,i)';
        base_u = -0.5*action_b2*g_x;%0.5*inv(R)*
%         base_u = action_b;
        u_s21(i) = W_u(index-1,:,i)*base_u;
        e_u(i) = u_s21(i) - u_s_est(i);
        W_u(index,:,i) = (W_u(index-1,:,i)' - alpha_u/(base_u'*base_u+1)*base_u*e_u(i))';
%         index = index + 1;
%         end
    
        err = norm(W_v(index,:,i) - W_v(index-1,:,i));
        index = index + 1;
    end
 
    x_s21(:,i+1) = nonlinear_system(x_s21(:,i),u_s21(i),Tp);
 
end
%     
% figure (3)
% plot(x_s21(1,1:200),'b-');
% hold on;
% plot(x_s21(2,1:200),'r-');
% plot(x_s1(1,1:200),'g-');
% plot(x_s1(2,1:200),'r.-');
 
% Case 2-2: Nonliner without delays and optimal control on time scale
errt = 1;
Qt = 0.5*eye(2);
Rt = 1;
x_st(:,1) = x_s1(:,1);  % The initial state
u_st(1) = k_s*x_s21(:,1);  % The 1st iteration controller input
alpha1t = 0.0001;
alpha_ut = 0.5;
k_i = zeros(1,2);
% W_u(1,:) = zeros(1,3);  % The weights for the control input
 
for i = 1:iter
    
    errt = 1;
    base_xt(:,i) = critic_NN_base(x_st(:,i));
    u_st(i) = k_i*x_st(:,i);  % The 1st iteration controller input
 
    if i ==1
        W_vt(i,:) = ones(1,3);
        W_ut(i,:) = ones(1,3);
%     else
%         W_vt(i,:) = W_vt(i-1,:);
%         W_ut(i,:) = W_ut(i-1,:);
    end
 
    x_st(:,i+1) = nonlinear_system(x_st(:,i),u_st(i),Tp);
    base_xt(:,i+1) = critic_NN_base(x_st(:,i+1));
    d_base_xt = base_xt(:,i+1) - base_xt(:,i);  % sigma 2
    rt = x_st(:,i)'*Qt*x_st(:,i) + u_st(i)'*Rt*u_st(i);
    W_vt(i+1,:) = (W_vt(i,:)' - alpha1t/(d_base_xt'*d_base_xt+1)*d_base_xt*(d_base_xt'*W_vt(i,:)' + rt))'; % Update the critic NN weights
    
    % Update action NN control
%         while(index2<=2)
    g_xt = G_fun(x_st(:,i));
    action_bt = action_NN_base(x_st(:,i+1));
    action_bt2 = action_NN_base(x_st(:,i));
    u_st_est(i) = -0.5*inv(R)*g_xt'*action_bt'*W_vt(i,:)';
    base_ut = -0.5*action_bt2*g_xt;%0.5*inv(R)*
%         base_u = action_b;
    u_st(i) = W_ut(i,:)*base_ut;
    e_ut(i) = u_st(i) - u_st_est(i);
    W_ut(i+1,:) = (W_ut(i,:)' - alpha_u/(base_ut'*base_ut+1)*base_ut*e_ut(i))';
%         index = index + 1;
%         end
    
    err = norm(W_vt(i+1,:) - W_vt(i,:));
%         index = index + 1;
 
    x_st(:,i+1) = nonlinear_system(x_st(:,i),u_st(i),Tp);
 
end
    
% figure (4)
% plot(x_st(1,1:200),'b-');
% hold on;
% plot(x_st(2,1:200),'r-');
% plot(x_s1(1,1:200),'g-');
% plot(x_s1(2,1:200),'r.-');
 
% Case 2-3: The stable control for NNCS
z_int = [x_int;0;0];  % The initial augment state
z_ss(:,1) = z_int;
u_ss(:,1) = k_s_NCS*z_ss(:,1);
z_ss(1:2,2) = nonlinear_system_NCS(z_ss(1:2,1),0,0,Tp,c_t);
z_ss(3:4,2) = zeros(2,1);
u_ss(:,2) = k_s_NCS*z_ss(:,2);
z_ss(1:2,3) = nonlinear_system_NCS(z_ss(1:2,2),u_ss(1),0,Tp,c_t);
z_ss(3:4,3) = zeros(2,1);
u_ss(:,3) = k_s_NCS*z_ss(:,3);
 
Qss = 0.5*eye(4);
Rss = 1;
 
for i = 4:iter
    z_ss(1:2,i) = nonlinear_system_NCS(z_ss(1:2,i-1),u_ss(i-2),u_ss(i-3),Tp,c_t);
    z_ss(3:4,i) = [u_ss(i-1);u_ss(i-2)];
    u_ss(i) = k_s_NCS*z_ss(:,i);
end
 
cost_ss(1) = z_ss(:,1)'*Qss*z_ss(:,1) + u_ss(:,1)'*Rss*u_ss(:,1);
for i = 2:iter
    cost_ss(i) = cost_ss(i-1) + z_ss(:,i)'*Qss*z_ss(:,i) + u_ss(:,i)'*Rss*u_ss(:,i);
end
 
figure (5)
plot(z_ss(1,:),'b-');
hold on;
plot(z_ss(2,:),'r-');
 
% Case 3: The nonlinear with delays and new stable control input with
% augment state
z_int = [x_int;0;0];  % The initial augment state
k_us_NCS = randn(1,4);
z_s3(:,1) = z_int;
u_sz(:,1) = k_s_NCS*z_s3(:,1);
z_s3(1:2,2) = nonlinear_system_NCS(z_s3(1:2,1),0,0,Tp,c_t);
z_s3(3:4,2) = zeros(2,1);
u_sz(:,2) = k_s_NCS*z_s3(:,2);
z_s3(1:2,3) = nonlinear_system_NCS(z_s3(1:2,2),u_s2(1),0,Tp,c_t);
z_s3(3:4,3) = zeros(2,1);
u_sz(:,3) = k_s_NCS*z_s3(:,3);
Qz = 0.5*eye(4);
Rz = 1;
alpha1z = 0.00000000001;
alpha_uz = 0.00005;
 
for i = 4:iter
    z_s3(1:2,i) = nonlinear_system_NCS(z_s3(1:2,i-1),u_sz(i-2),u_sz(i-3),Tp,c_t);
    z_s3(3:4,i) = [u_sz(i-1);u_sz(i-2)];
    
    err1 = 1;
    base_z(:,i) = critic_NN_base_aug(z_s3(:,i),z_s3(3,i),z_s3(4,i));
    u_sz(i) = k_s_NCS*z_s3(:,i);  % The 1st iteration controller input
    indexz = 1;
    
    if i == 4
        W_vz(indexz,:,i) = randn(1,10);
        W_uz(indexz,:,i) = randn(1,10);
    else
        W_vz(indexz,:,i) = W_vz(indexz+1,:,i-1);
        W_uz(indexz,:,i) = W_uz(indexz+1,:,i-1);
    end
    indexz = indexz + 1;
 
    while (indexz <= 10)
        z_s3(1:2,i+1) = nonlinear_system_NCS(z_s3(1:2,i),u_sz(i-1),u_sz(i-2),Tp,c_t);
        z_s3(3:4,i+1) = [u_sz(i);u_sz(i-1)];
        base_z(:,i+1) = critic_NN_base_aug(z_s3(1:2,i+1),z_s3(3,i+1),z_s3(4,i+1));
        d_base_z = Phi_n(:,:,i+1)*base_z(:,i+1) - Phi_n(:,:,i)*base_z(:,i);  % sigma 2
        r = z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(i)'*Rz*u_sz(i);
        W_vz(indexz,:,i) = (W_vz(indexz-1,:,i)' - alpha1z/(d_base_z'*d_base_z+1)*d_base_z*(d_base_z'*W_vz(indexz-1,:,i)' + r))'; % Update the critic NN weights
    
        % Update action NN control
%         g_z = G_fun(z_s3(1:2,i));
        g_z = [0;0;1;0];
        action_bz = action_NN_base_aug(z_s3(1:2,i+1),z_s3(3,i+1),z_s3(4,i+1));
        action_bz1 = action_NN_base_aug(z_s3(1:2,i),z_s3(3,i),z_s3(4,i));
        u_s_estz(i) = -0.5*inv(R)*g_z'*action_bz'*W_vz(indexz,:,i)';
        base_uz = -0.5*inv(R)*action_bz1*g_z;
        u_sz(i) = W_uz(indexz-1,:,i)*base_uz;
        e_uz(i) = u_sz(i) - u_s_estz(i);
        W_uz(indexz,:,i) = (W_uz(indexz-1,:,i)' - alpha_uz/(base_uz'*base_uz+1)*base_uz*e_uz(i))';
    
        err1 = norm(W_vz(indexz,:,i) - W_vz(indexz-1,:,i));
        indexz = indexz + 1;
    end
 
    z_s3(1:2,i+1) = nonlinear_system_NCS(z_s3(1:2,i),u_sz(i-1),u_sz(i-2),Tp,c_t);
    z_s3(3:4,i+1) = [u_sz(i);u_sz(i-1)];
%     u_s3(i) = k_s_NCS*z_s3(:,i);
end
 
cost_s3(1) = z_s3(:,1)'*Qz*z_s3(:,1) + u_sz(:,1)'*Rz*u_sz(:,1);
for i = 2:iter
    cost_s3(i) = cost_s3(i-1) + z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(:,i)'*Rz*u_sz(:,i);
end
 
figure (6)
plot(z_s3(1,:),'b-');
hold on;
plot(z_s3(2,:),'r-');
 
z_int = [x_int;0;0];  % The initial augment state
z_st(:,1) = z_int;
u_szt(:,1) = k_s_NCS*z_st(:,1);
z_st(1:2,2) = nonlinear_system_NCS(z_st(1:2,1),0,0,Tp,c_t);
z_st(3:4,2) = zeros(2,1);
u_szt(:,2) = k_s_NCS*z_s3(:,2);
z_st(1:2,3) = nonlinear_system_NCS(z_st(1:2,2),u_szt(1),0,Tp,c_t);
z_st(3:4,3) = zeros(2,1);
u_szt(:,3) = k_s_NCS*z_st(:,3);
Qz = 0.5*eye(4);
Rz = 1;
alpha1zt = 0.9;
alpha_uzt = 0.9;
alphag = 0.1;
 
% W_uzt(3,:) = ones(1,10);
 
for i = 4:iter
    z_st(1:2,i) = nonlinear_system_NCS(z_st(1:2,i-1),u_szt(i-2),u_szt(i-3),Tp,c_t);
    z_st(3:4,i) = [u_szt(i-1);u_szt(i-2)];
    
    err1 = 1;
    g_zt = [0;0;1;0];
    base_zt(:,i) = critic_NN_base_aug(z_st(:,i),z_st(3,i),z_st(4,i));
    action_bzt1 = action_NN_base_aug(z_st(1:2,i),z_st(3,i),z_st(4,i));
%     u_szt(i) = k_s_NCS*z_st(:,i);  % The 1st iteration controller input
    base_pre = -0.5*inv(R)*action_bzt1*g_zt;
    if i == 4
        u_szt(i) = k_s_NCS*z_st(:,i);
    else
        u_szt(i) = W_uzt(i-1,:)*base_pre;  % The 1st iteration controller input
    end
%     indexz = 1;
    if i == 4
        W_vzt(i,:) = 0.1*ones(1,10);
        W_uzt(i,:) = 0.1*randn(1,10);
        Wg(:,:,i) = 0*ones(4,10);
%     else
%         W_vzt(i,:) = W_vzt(i-1,:);
%         W_uzt(i,:) = W_uzt(i-1,:);
    end
    err_g(:,i) = g_zt - Wg(:,:,i)*base_zt(:,i);
    Wg(:,:,i+1) = -(Wg(:,:,i)' - alphag/(base_zt(:,i)'*base_zt(:,i) + 1)*base_zt(:,i)*err_g(:,i)')';%Wg(:,:,i)'
%     indexz = indexz + 1;
 
%     while (indexz <= 100)
    z_st(1:2,i+1) = nonlinear_system_NCS(z_st(1:2,i),u_szt(i-1),u_szt(i-2),Tp,c_t);
    z_st(3:4,i+1) = [u_szt(i);u_szt(i-1)];
    base_zt(:,i+1) = critic_NN_base_aug(z_st(1:2,i+1),z_st(3,i+1),z_st(4,i+1));
    d_base_zt = base_zt(:,i+1) - base_zt(:,i);  % sigma 2
    rt = z_st(:,i)'*Qz*z_st(:,i) + u_szt(i)'*Rz*u_szt(i);
    W_vzt(i+1,:) = (W_vzt(i,:)' - alpha1zt/(d_base_zt'*d_base_zt+1)*d_base_zt*(d_base_zt'*W_vzt(i,:)' + rt))'; % Update the critic NN weights
    
    % The HJB error
    err_HJB(i) = d_base_zt'*W_vzt(i,:)' + rt;
    err_FC(i) = base_zt(:,i)'*W_vzt(i,:)';
    
    % Update action NN control
%         g_z = G_fun(z_s3(1:2,i));
%     g_zt = [0;0;1;0];
    action_bzt = action_NN_base_aug(z_st(1:2,i+1),z_st(3,i+1),z_st(4,i+1));
    action_bzt1 = action_NN_base_aug(z_st(1:2,i),z_st(3,i),z_st(4,i));
    u_s_estzt(i) = -0.5*inv(R)*g_zt'*action_bzt'*W_vzt(i,:)';
    base_uzt = -0.5*inv(R)*action_bzt1*(Wg(:,:,i+1)*base_zt(:,i));
%     base_pre = base_uzt;
    u_szt(i) = W_uzt(i,:)*base_uzt;
    e_uzt(i) = u_szt(i) - u_s_estzt(i);
    W_uzt(i+1,:) = (W_uzt(i,:)' - alpha_uzt/(base_uzt'*base_uzt+1)*base_uzt*e_uzt(i))';
    
    err1t = norm(W_vzt(i+1,:) - W_vzt(i-1,:));
%         indexz = indexz + 1;
 
 
    z_st(1:2,i+1) = nonlinear_system_NCS(z_st(1:2,i),u_szt(i-1),u_szt(i-2),Tp,c_t);
    z_st(3:4,i+1) = [u_szt(i);u_szt(i-1)];
%     u_s3(i) = k_s_NCS*z_s3(:,i);
end
 
cost_st(1) = z_st(:,1)'*Qz*z_st(:,1) + u_szt(:,1)'*Rz*u_szt(:,1);
for i = 2:iter
    cost_st(i) = cost_st(i-1) + z_st(:,i)'*Qz*z_st(:,i) + u_szt(:,i)'*Rz*u_szt(:,i);
end
 
figure (7)
plot(z_st(1,:),'b-');
hold on;
plot(z_st(2,:),'r-');
% plot(z_s3(1,:),'b--');
% plot(z_s3(2,:),'g-.');
 
% figure (8)
% % plot(cost_ss(iter:-1:1),'b-');
% hold on;
% plot(cost_s3(iter:-1:1),'r-');
% plot(cost_st(iter:-1:1),'g-');
 
W_vzt = W_vzt.*10 - ones(iter+1,10);
figure (9)
subplot(211)
plot(W_vzt(:,1),'b-');
hold on;
plot(W_vzt(:,2),'b-');
plot(W_vzt(:,3),'b-');
plot(W_vzt(:,4),'b-');
plot(W_vzt(:,5),'b-');
plot(W_vzt(:,6),'b-');
plot(W_vzt(:,7),'b-');
plot(W_vzt(:,8),'b-');
plot(W_vzt(:,9),'b-');
plot(W_vzt(:,10),'b-');
subplot(212)
W_vzt = W_vzt.*10;
plot(W_uzt(:,1),'b-');
hold on;
plot(W_uzt(:,2),'b-');
plot(W_uzt(:,3),'b-');
plot(W_uzt(:,4),'b-');
plot(W_uzt(:,5),'b-');
plot(W_uzt(:,6),'b-');
plot(W_uzt(:,7),'b-');
plot(W_uzt(:,8),'b-');
plot(W_uzt(:,9),'b-');
plot(W_uzt(:,10),'b-');
% W_uzt = W_uzt.*10;
figure (10)
plot(W_uzt(:,1),'b-');
hold on;
plot(W_uzt(:,2),'b-');
plot(W_uzt(:,3),'b-');
plot(W_uzt(:,4),'b-');
plot(W_uzt(:,5),'b-');
plot(W_uzt(:,6),'b-');
plot(W_uzt(:,7),'b-');
plot(W_uzt(:,8),'b-');
plot(W_uzt(:,9),'b-');
plot(W_uzt(:,10),'b-');
 
figure (11)
% plot(u_sz(1,:),'b-');
% hold on;
plot(u_szt(1,:),'r-');
 
step_value = [0.1398 0.0151 2.2259e-4 5.974e-5 4.9144e-7 1.9853e-7 3.9569e-9 4.9332e-10 2.6262e-11];
figure (12)
plot([40:20:200],step_value);
 














Chapter 7
7.9 Matlab Codes
Matlab code for Example 7.4-1.
clear all;
close all;
clc;
 
%--------------------------------------------------------------------------
% Nonlinear Networked control system
%--------------------------------------------------------------------------
 
Tp = 0.1;  % The sampling interval
c_t = 0.8;
b_d = 2;   % The delay bound
 
x_int = [6;-3.5];  % The initial system state
k_s = [-2 -5];   % The stable control gain
L_s = [-1 -1];
k_s_NCS = [-2 -5 -1 -1 -1 -1];
L_s_NCS = [-1 -1 -1 -1 -1 -1];
u_int = k_s*x_int;
d_int = L_s*x_int;
 
iter = 200; % The iteration time
tN = iter;
% Generating the time-dependent activation function
 
THRESHOLD = 3.50e2;
for k = 1 : (tN+1)
    Phi_n(:,:,k) = THRESHOLD * ...
        tanh( [(tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5,  (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1; ...
               (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4,  (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9; ...
               (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3,  (tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8; ...
               (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2,  (tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7; ...
               (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,      1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6; ...
               (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,    1,        (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5; ...
               (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,      1,     (tN+1-k)^9,  (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4; ...
               (tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8,  (tN+1-k)^7, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4; ...
                 tN+1-k,        1,     (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7,  (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2; ...
                   1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6,  (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1 ] / THRESHOLD );
end
 
% Case 1: The nonlinear system without delays
x_s1(:,1) = x_int;
u_s1(:,1) = u_int;
d_s1(:,1) = d_int;
for i = 2:iter
    x_s1(:,i) = nonlinear_system(x_s1(:,i-1),u_s1(:,i-1),d_s1(:,i-1),Tp);
    u_s1(:,i) = opt_u(x_s1(:,i));
    d_s1(:,i) = opt_d(x_s1(:,i));
end
 
figure (1)
plot(x_s1(1,:),'b-');
hold on;
plot(x_s1(2,:),'r-');
 
% Case 2: The nonlinear system with delays and case1's control input
x_s2(:,1) = x_int;
u_s1(1) = k_s*x_int;
x_s2(:,2) = nonlinear_system_NCS(x_s2(:,1),0,0,0,0,Tp,c_t);
u_s2(2) = k_s*x_s2(:,2);
d_s2(2) = L_s*x_s2(:,2);
x_s2(:,3) = nonlinear_system_NCS(x_s2(:,2),u_s2(1),0,d_s2(1),0,Tp,c_t);
u_s2(3) = k_s*x_s2(:,3);
d_s2(3) = L_s*x_s2(:,3);
 
for i = 4:iter
    x_s2(:,i) = nonlinear_system_NCS(x_s2(:,i-1),u_s2(i-2),u_s2(i-3),d_s2(i-2),d_s2(i-3),Tp,c_t);
    u_s2(i) = k_s*x_s2(:,i);
    d_s2(i) = L_s*x_s2(:,i);
end
 
figure (2)
plot(x_s2(1,:),'b-');
hold on;
plot(x_s2(2,:),'r-');
 
% Case 2-1: Without delays use HDP value iteration method
err = 1;
Q = 0.5*eye(2);
R = 1;
G = -1;
x_s21(:,1) = x_s1(:,1);  % The initial state
u_s21(1) = k_s*x_s21(:,1);  % The 1st iteration controller input
d_s21(1) = L_s*x_s21(:,1);
alpha1 = 0.0001;
alpha_u = 0.5;
alpha_d = 0.5;
k_i = zeros(1,2);
L_i = zeros(1,2);
% W_u(1,:) = zeros(1,3);  % The weights for the control input
 
for i = 1:iter
    err = 1;
    base_x(:,i) = critic_NN_base(x_s21(:,i));
    u_s21(i) = k_i*x_s21(:,i);  % The 1st iteration controller input
    d_s21(i) = L_i*x_s21(:,i);
    index = 1;
    index2 = 1;
    if i ==1
        W_v(index,:,i) = ones(1,3);
        W_u(index2,:,i) = ones(1,3);
        W_d(index2,:,i) = ones(1,3);
    else
        W_v(index,:,i) = W_v(index+1,:,i-1);
        W_u(index,:,i) = W_u(index,:,i-1);
        W_d(index,:,i) = W_d(index,:,i-1);
    end
    index = index + 1;
    index2 = index2 + 1;
 
    while (index <= 5)
        x_s21(:,i+1) = nonlinear_system(x_s21(:,i),u_s21(i),d_s21(i),Tp);
        base_x(:,i+1) = critic_NN_base(x_s21(:,i+1));
        d_base_x = base_x(:,i+1) - base_x(:,i);  % sigma 2
        r = x_s21(:,i)'*Q*x_s21(:,i) + u_s21(i)'*R*u_s21(i) - d_s21(i)'*G*d_s21(i);
        W_v(index,:,i) = (W_v(index-1,:,i)' - alpha1/(d_base_x'*d_base_x+1)*d_base_x*(d_base_x'*W_v(index-1,:,i)' + r))'; % Update the critic NN weights
    
        % Update action NN control
%         while(index2<=2)
        g_x = G_fun(x_s21(:,i));
        h_x = H_fun(x_s21(:,i));
        action_b = action_NN_base(x_s21(:,i+1));
        action_b2 = action_NN_base(x_s21(:,i));
        u_s_est(i) = -0.5*inv(R)*g_x'*action_b'*W_v(index,:,i)';
        d_s_est(i) = 0.5*inv(G)*h_x'*action_b'*W_v(index,:,i)';
        base_u = -0.5*action_b2*g_x;%0.5*inv(R)*
        base_d = 0.5*action_b2*h_x;
%         base_u = action_b;
        u_s21(i) = W_u(index-1,:,i)*base_u;
        d_s21(i) = W_d(index-1,:,i)*base_d;
        e_u(i) = u_s21(i) - u_s_est(i);
        e_d(i) = d_s21(i) - d_s_est(i);
        W_u(index,:,i) = (W_u(index-1,:,i)' - alpha_u/(base_u'*base_u+1)*base_u*e_u(i))';
        W_d(index,:,i) = (W_d(index-1,:,i)' - alpha_d/(base_d'*base_d+1)*base_d*e_d(i))';
%         index = index + 1;
%         end
    
        err = norm(W_v(index,:,i) - W_v(index-1,:,i));
        index = index + 1;
    end
 
    x_s21(:,i+1) = nonlinear_system(x_s21(:,i),u_s21(i),d_s21(i),Tp);
 
end
    
figure (3)
plot(x_s21(1,1:200),'b-');
hold on;
plot(x_s21(2,1:200),'r-');
% plot(x_s1(1,1:200),'g-');
% plot(x_s1(2,1:200),'r.-');
 
% Case 2-2: Nonliner without delays and optimal control on time scale
errt = 1;
Qt = 0.5*eye(2);
Rt = 1;
Gt = 1;
x_st(:,1) = x_s1(:,1);  % The initial state
u_st(1) = k_s*x_s21(:,1);  % The 1st iteration controller input
d_st(1) = L_s*x_s21(:,1);
alpha1t = 0.0001;
alpha_ut = 0.5;
alpha_dt = 0.5;
k_i = zeros(1,2);
L_i = zeros(1,2);
% W_u(1,:) = zeros(1,3);  % The weights for the control input
 
for i = 1:iter
    
    errt = 1;
    base_xt(:,i) = critic_NN_base(x_st(:,i));
    u_st(i) = k_i*x_st(:,i);  % The 1st iteration controller input
    d_st(i) = L_i*x_st(:,i);
 
    if i ==1
        W_vt(i,:) = ones(1,3);
        W_ut(i,:) = ones(1,3);
        W_dt(i,:) = ones(1,3);
%     else
%         W_vt(i,:) = W_vt(i-1,:);
%         W_ut(i,:) = W_ut(i-1,:);
    end
 
    x_st(:,i+1) = nonlinear_system(x_st(:,i),u_st(i),d_st(i),Tp);
    base_xt(:,i+1) = critic_NN_base(x_st(:,i+1));
    d_base_xt = base_xt(:,i+1) - base_xt(:,i);  % sigma 2
    rt = x_st(:,i)'*Qt*x_st(:,i) + u_st(i)'*Rt*u_st(i) - d_st(i)'*Gt*d_st(i);
    W_vt(i+1,:) = (W_vt(i,:)' - alpha1t/(d_base_xt'*d_base_xt+1)*d_base_xt*(d_base_xt'*W_vt(i,:)' + rt))'; % Update the critic NN weights
    
    % Update action NN control
%         while(index2<=2)
    g_xt = G_fun(x_st(:,i));
    h_xt = H_fun(x_st(:,i));
    action_bt = action_NN_base(x_st(:,i+1));
    action_bt2 = action_NN_base(x_st(:,i));
    u_st_est(i) = -0.5*inv(R)*g_xt'*action_bt'*W_vt(i,:)';
    d_st_est(i) = 0.5*inv(G)*h_xt'*action_bt'*W_vt(i,:)';
    base_ut = -0.5*action_bt2*g_xt;%0.5*inv(R)*
    base_dt = 0.5*action_bt2*h_xt;
%         base_u = action_b;
    u_st(i) = W_ut(i,:)*base_ut;
    d_st(i) = W_dt(i,:)*base_dt;
    e_ut(i) = u_st(i) - u_st_est(i);
    e_dt(i) = d_st(i) - d_st_est(i);
    W_ut(i+1,:) = (W_ut(i,:)' - alpha_u/(base_ut'*base_ut+1)*base_ut*e_ut(i))';
    W_dt(i+1,:) = (W_dt(i,:)' - alpha_d/(base_dt'*base_dt+1)*base_dt*e_dt(i))';
%         index = index + 1;
%         end
    
    err = norm(W_vt(i+1,:) - W_vt(i,:));
%         index = index + 1;
 
    x_st(:,i+1) = nonlinear_system(x_st(:,i),u_st(i),d_st(i),Tp);
 
end
    
figure (4)
plot(x_st(1,1:200),'b-');
hold on;
plot(x_st(2,1:200),'r-');
plot(x_s1(1,1:200),'g-');
plot(x_s1(2,1:200),'r.-');
 
% Case 2-3: The stable control for NNCS
z_int = [x_int;0;0;0;0];  % The initial augment state
z_ss(:,1) = z_int;
u_ss(:,1) = k_s_NCS*z_ss(:,1);
d_ss(:,1) = L_s_NCS*z_ss(:,1);
z_ss(1:2,2) = nonlinear_system_NCS(z_ss(1:2,1),0,0,0,0,Tp,c_t);
z_ss(3:4,2) = zeros(2,1);
z_ss(5:6,2) = zeros(2,1);
u_ss(:,2) = k_s_NCS*z_ss(:,2);
d_ss(:,2) = L_s_NCS*z_ss(:,2);
z_ss(1:2,3) = nonlinear_system_NCS(z_ss(1:2,2),u_ss(1),0,d_ss(1),0,Tp,c_t);
z_ss(3:4,3) = zeros(2,1);
z_ss(5:6,3) = zeros(2,1);
u_ss(:,3) = k_s_NCS*z_ss(:,3);
d_ss(:,3) = L_s_NCS*z_ss(:,3);
 
Qss = 0.5*eye(6);
Rss = 1;
Gss = 1;
 
for i = 4:iter
    z_ss(1:2,i) = nonlinear_system_NCS(z_ss(1:2,i-1),u_ss(i-2),u_ss(i-3),d_ss(i-2),d_ss(i-3),Tp,c_t);
    z_ss(3:4,i) = [u_ss(i-1);u_ss(i-2)];
    z_ss(5:6,i) = [d_ss(i-1);d_ss(i-2)];
    u_ss(:,i) = k_s_NCS*z_ss(:,i);
    d_ss(:,i) = L_s_NCS*z_ss(:,i);
end
 
cost_ss(1) = z_ss(:,1)'*Qss*z_ss(:,1) + u_ss(:,1)'*Rss*u_ss(:,1) - d_ss(:,1)'*Gss*d_ss(:,1);
for i = 2:iter
    cost_ss(i) = cost_ss(i-1) + z_ss(:,i)'*Qss*z_ss(:,i) + u_ss(:,i)'*Rss*u_ss(:,i) - d_ss(:,i)'*Gss*d_ss(:,i);
end
 
figure (5)
plot(z_ss(1,:),'b-');
hold on;
plot(z_ss(2,:),'r-');
 
% Case 3: The nonlinear with delays and new stable control input with
% augment state
z_int = [x_int;0;0;0;0];  % The initial augment state
k_us_NCS = randn(1,6);
z_s3(:,1) = z_int;
u_sz(:,1) = k_s_NCS*z_s3(:,1);
d_sz(:,1) = L_s_NCS*z_s3(:,1);
z_s3(1:2,2) = nonlinear_system_NCS(z_s3(1:2,1),0,0,0,0,Tp,c_t);
z_s3(3:4,2) = zeros(2,1);
z_s3(5:6,2) = zeros(2,1);
u_sz(:,2) = k_s_NCS*z_s3(:,2);
d_sz(:,2) = L_s_NCS*z_s3(:,2);
z_s3(1:2,3) = nonlinear_system_NCS(z_s3(1:2,2),u_s2(1),0,d_s2(1),0,Tp,c_t);
z_s3(3:4,3) = zeros(2,1);
z_s3(5:6,3) = zeros(2,1);
u_sz(:,3) = k_s_NCS*z_s3(:,3);
d_sz(:,3) = L_s_NCS*z_s3(:,3);
Qz = 0.5*eye(6);
Rz = 1;
Gz = 1;
alpha1z = 0.01;
alpha_uz = 0.5;
alpha_dz = 0.5;
 
for i = 4:iter
    z_s3(1:2,i) = nonlinear_system_NCS(z_s3(1:2,i-1),u_sz(i-2),u_sz(i-3),d_sz(i-2),d_sz(i-3),Tp,c_t);
    z_s3(3:4,i) = [u_sz(i-1);u_sz(i-2)];
    z_s3(5:6,i) = [d_sz(i-1);d_sz(i-2)];
    
    err1 = 1;
    base_z(:,i) = critic_NN_base_aug(z_s3(:,i),z_s3(3,i),z_s3(4,i));
    u_sz(i) = k_s_NCS*z_s3(:,i);  % The 1st iteration controller input
    d_sz(i) = L_s_NCS*z_s3(:,i);
    indexz = 1;
    
    if i == 4
        W_vz(indexz,:,i) = randn(1,10);
        W_uz(indexz,:,i) = randn(1,10);
        W_dz(indexz,:,i) = randn(1,10);
    else
        W_vz(indexz,:,i) = W_vz(indexz+1,:,i-1);
        W_uz(indexz,:,i) = W_uz(indexz+1,:,i-1);
        W_dz(indexz,:,i) = W_dz(indexz+1,:,i-1);
    end
    indexz = indexz + 1;
 
    while (indexz <= 10)
        z_s3(1:2,i+1) = nonlinear_system_NCS(z_s3(1:2,i),u_sz(i-1),u_sz(i-2),d_sz(i-1),d_sz(i-2),Tp,c_t);
        z_s3(3:4,i+1) = [u_sz(i);u_sz(i-1)];
        z_s3(5:6,i+1) = [d_sz(i);d_sz(i-1)];
        base_z(:,i+1) = critic_NN_base_aug(z_s3(1:2,i+1),z_s3(3,i+1),z_s3(4,i+1));
        d_base_z = Phi_n(:,:,i+1)*base_z(:,i+1) - Phi_n(:,:,i)*base_z(:,i);  % sigma 2
        r = z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(i)'*Rz*u_sz(i) - d_sz(i)'*Gz*d_sz(i);
        W_vz(indexz,:,i) = (W_vz(indexz-1,:,i)' - alpha1z/(d_base_z'*d_base_z+1)*d_base_z*(d_base_z'*W_vz(indexz-1,:,i)' + r))'; % Update the critic NN weights
    
        % Update action NN control
        g_z1 = G_fun(z_s3(1:2,i));
        g_z = [0;0;1;0];
%         g_z = [g_z1;1;0];
        h_z1 = H_fun(z_s3(1:2,i))
        h_z = [0;0;1;0];
%         h_z = [h_z1;0;1];
        action_bz = action_NN_base_aug(z_s3(1:2,i+1),z_s3(3,i+1),z_s3(4,i+1));
        action_bz1 = action_NN_base_aug(z_s3(1:2,i),z_s3(3,i),z_s3(4,i));
        action_bz2 = action_NN_base_aug(z_s3(1:2,i),z_s3(5,i),z_s3(6,i));
        u_s_estz(i) = -0.5*inv(R)*g_z'*action_bz'*W_vz(indexz,:,i)';
        d_s_estz(i) = 0.5*inv(G)*h_z'*action_bz'*W_vz(indexz,:,i)';
        base_uz = -0.5*inv(R)*action_bz1*g_z;
        base_dz = 0.5*inv(G)*action_bz2*h_z;
        u_sz(i) = W_uz(indexz-1,:,i)*base_uz;
        d_sz(i) = W_dz(indexz-1,:,i)*base_dz;
        e_uz(i) = u_sz(i) - u_s_estz(i);
        e_dz(i) = d_sz(i) - d_s_estz(i);
        W_uz(indexz,:,i) = (W_uz(indexz-1,:,i)' - alpha_uz/(base_uz'*base_uz+1)*base_uz*e_uz(i))';
        W_dz(indexz,:,i) = (W_dz(indexz-1,:,i)' - alpha_dz/(base_dz'*base_dz+1)*base_dz*e_dz(i))';
    
        err1 = norm(W_vz(indexz,:,i) - W_vz(indexz-1,:,i));
        indexz = indexz + 1;
    end
 
    z_s3(1:2,i+1) = nonlinear_system_NCS(z_s3(1:2,i),u_sz(i-1),u_sz(i-2),d_sz(i-1),d_sz(i-2),Tp,c_t);
    z_s3(3:4,i+1) = [u_sz(i);u_sz(i-1)];
    z_s3(5:6,i+1) = [d_sz(i);d_sz(i-1)];
%     u_s3(i) = k_s_NCS*z_s3(:,i);
end
 
cost_s3(1) = z_s3(:,1)'*Qz*z_s3(:,1) + u_sz(:,1)'*Rz*u_sz(:,1) - d_sz(:,1)'*Gz*d_sz(:,1);
cost_s31(1) = z_s3(:,1)'*Qz*z_s3(:,1) + u_sz(:,1)'*Rz*u_sz(:,1) - d_sz(:,1)'*Gz*d_sz(:,1);
for i = 2:iter
    cost_s3(i) = cost_s3(i-1) + z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(:,i)'*Rz*u_sz(:,i) - d_sz(:,i)'*Gz*d_sz(:,i);
end
for i = 2:iter
    cost_s31(i) =  z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(:,i)'*Rz*u_sz(:,i) - d_sz(:,i)'*Gz*d_sz(:,i);
end
 
 
figure (6)
plot(z_s3(1,:),'b-');
hold on;
plot(z_s3(2,:),'r-');
 
z_int = [x_int;0;0;0;0];  % The initial augment state
z_st(:,1) = z_int;
u_szt(:,1) = k_s_NCS*z_st(:,1);
d_szt(:,1) = L_s_NCS*z_st(:,1);
z_st(1:2,2) = nonlinear_system_NCS(z_st(1:2,1),0,0,0,0,Tp,c_t);
z_st(3:4,2) = zeros(2,1);
z_st(5:6,2) = zeros(2,1);
u_szt(:,2) = k_s_NCS*z_s3(:,2);
d_szt(:,2) = L_s_NCS*z_s3(:,2);
z_st(1:2,3) = nonlinear_system_NCS(z_st(1:2,2),u_szt(1),0,d_szt(1),0,Tp,c_t);
z_st(3:4,3) = zeros(2,1);
z_st(5:6,3) = zeros(2,1);
u_szt(:,3) = k_s_NCS*z_st(:,3);
d_szt(:,3) = L_s_NCS*z_st(:,3);
Qz = 0.5*eye(6);
Rz = 1;
Gz = 1;
alpha1zt = 0.000000000005;
alpha_uzt = 0.05;
alpha_dzt = 0.05;
alphag = 0.1;
alphah = 0.1;
iter = 200;
 
% W_uzt(3,:) = ones(1,10);
 
for i = 4:iter
    z_st(1:2,i) = nonlinear_system_NCS(z_st(1:2,i-1),u_szt(i-2),u_szt(i-3),d_szt(i-2),d_szt(i-3),Tp,c_t);
    z_st(3:4,i) = [u_szt(i-1);u_szt(i-2)];
    z_st(5:6,i) = [d_szt(i-1);d_szt(i-2)];
    
    err1 = 1;
    g_zt1 = G_fun(z_st(1:2,i));
    g_zt = [g_zt1;1;0];
%     g_zt = [0;0;1;0];
    h_zt1 = H_fun(z_st(1:2,i));
    h_zt = [h_zt1;0;1];
%     h_zt = [0;0;0;1];
    base_zt(:,i) = critic_NN_base_aug(z_st(:,i),z_st(3,i),z_st(4,i));
  
    action_bzt1 = action_NN_base_aug(z_st(1:2,i),z_st(3,i),z_st(4,i));
    action_bzt2 = action_NN_base_aug(z_st(1:2,i),z_st(5,i),z_st(6,i));
%     u_szt(i) = k_s_NCS*z_st(:,i);  % The 1st iteration controller input
    base_pre = -0.5*inv(R)*action_bzt1*g_zt;
    base_pree = 0.5*inv(G)*action_bzt2*h_zt;
    if i == 4
        u_szt(i) = k_s_NCS*z_st(:,i);
        d_szt(i) = L_s_NCS*z_st(:,i);
    else
        u_szt(i) = W_uzt(i-1,:)*base_pre;  % The 1st iteration controller input
        d_szt(i) = W_dzt(i-1,:)*base_pree;
    end
%     indexz = 1;
    if i == 4
        W_vzt(i,:) = 0.1*ones(1,10);
        W_uzt(i,:) = 0.1*randn(1,10);
        W_dzt(i,:) = 0.1*randn(1,10);
        Wg(:,:,i) = 0*ones(4,10);
        Wh(:,:,i) = 0*ones(4,10);
%     else
%         W_vzt(i,:) = W_vzt(i-1,:);
%         W_uzt(i,:) = W_uzt(i-1,:);
    end
    err_g(:,i) = g_zt - Wg(:,:,i)*base_zt(:,i);
    err_h(:,i) = h_zt - Wh(:,:,i)*base_zt(:,i)
    Wg(:,:,i+1) = -(Wg(:,:,i)' - alphag/(base_zt(:,i)'*base_zt(:,i) + 1)*base_zt(:,i)*err_g(:,i)')';%Wg(:,:,i)'
    Wh(:,:,i+1) = -(Wh(:,:,i)' - alphah/(base_zt(:,i)'*base_zt(:,i) + 1)*base_zt(:,i)*err_h(:,i)')';
%     indexz = indexz + 1;
 
%     while (indexz <= 100)
    z_st(1:2,i+1) = nonlinear_system_NCS(z_st(1:2,i),u_szt(i-1),u_szt(i-2),d_szt(i-1),d_szt(i-2),Tp,c_t);
    z_st(3:4,i+1) = [u_szt(i);u_szt(i-1)];
    z_st(5:6,i+1) = [d_szt(i);d_szt(i-1)];
    base_zt(:,i+1) = critic_NN_base_aug(z_st(1:2,i+1),z_st(3,i+1),z_st(4,i+1));
    d_base_zt = base_zt(:,i+1) - base_zt(:,i);  % sigma 2
    rt = z_st(:,i)'*Qz*z_st(:,i) + u_szt(i)'*Rz*u_szt(i) - d_szt(i)'*Gz*d_szt(i);
    W_vzt(i+1,:) = (W_vzt(i,:)' - alpha1zt/(d_base_zt'*d_base_zt+1)*d_base_zt*(d_base_zt'*W_vzt(i,:)' + rt))'; % Update the critic NN weights
    
    % The HJB error
    err_HJI(i) = d_base_zt'*W_vzt(i,:)' + rt;
    
    % Update action NN control
%         g_z = G_fun(z_s3(1:2,i));
%     g_zt = [0;0;1;0];
    action_bzt = action_NN_base_aug(z_st(1:2,i+1),z_st(3,i+1),z_st(4,i+1));
    action_bzt1 = action_NN_base_aug(z_st(1:2,i),z_st(3,i),z_st(4,i));
    action_bzt2 = action_NN_base_aug(z_st(1:2,i),z_st(5,i),z_st(6,i));
    u_s_estzt(i) = -0.5*inv(R)*g_zt'*action_bzt'*W_vzt(i,:)';
    d_s_estzt(i) = 0.5*inv(G)*h_zt'*action_bzt'*W_vzt(i,:)';
    base_uzt = -0.5*inv(R)*action_bzt1*(Wg(:,:,i+1)*base_zt(:,i));
    base_dzt = 0.5*inv(G)*action_bzt2*(Wh(:,:,i+1)*base_zt(:,i));
%     base_pre = base_uzt;
    u_szt(i) = W_uzt(i,:)*base_uzt;
    d_szt(i) = W_dzt(i,:)*base_dzt;
    e_uzt(i) = u_szt(i) - u_s_estzt(i);
    e_dzt(i) = d_szt(i) - d_s_estzt(i);
    W_uzt(i+1,:) = (W_uzt(i,:)' - alpha_uzt/(base_uzt'*base_uzt+1)*base_uzt*e_uzt(i))';
    W_dzt(i+1,:) = (W_dzt(i,:)' - alpha_dzt/(base_dzt'*base_dzt+1)*base_dzt*e_dzt(i))';
    
    err1t = norm(W_vzt(i+1,:) - W_vzt(i-1,:));
%         indexz = indexz + 1;
 
 
    z_st(1:2,i+1) = nonlinear_system_NCS(z_st(1:2,i),u_szt(i-1),u_szt(i-2),d_szt(i-1),d_szt(i-2),Tp,c_t);
    z_st(3:4,i+1) = [u_szt(i);u_szt(i-1)];
    z_st(5:6,i+1) = [d_szt(i);d_szt(i-1)];
%     u_s3(i) = k_s_NCS*z_s3(:,i);
end
 
cost_st(1) = z_st(:,1)'*Qz*z_st(:,1) + u_szt(:,1)'*Rz*u_szt(:,1) - d_szt(:,1)'*Gz*d_szt(:,1);
cost_st1(1) = z_st(:,1)'*Qz*z_st(:,1) + u_szt(:,1)'*Rz*u_szt(:,1) - d_szt(:,1)'*Gz*d_szt(:,1);
for i = 2:iter
    cost_st(i) = cost_st(i-1) + z_st(:,i)'*Qz*z_st(:,i) + u_szt(:,i)'*Rz*u_szt(:,i) - d_szt(:,i)'*Gz*d_szt(:,i);
end
for i = 2:iter
    cost_st1(i) =  z_st(:,i)'*Qz*z_st(:,i) + u_szt(:,i)'*Rz*u_szt(:,i) - d_szt(:,i)'*Gz*d_szt(:,i);
end
 
figure (7)
plot(z_st(1,:),'b-');
hold on;
plot(z_st(2,:),'r-');
% plot(z_s3(1,:),'b--');
% plot(z_s3(2,:),'g-.');
 
figure (8)
% plot(cost_ss(iter:-1:1),'b-');
hold on;
plot(cost_s3(iter:-1:1),'r-');
plot(cost_st(iter:-1:1),'g-');
 
W_vzt = W_vzt.*10 - ones(iter+1,10);
figure (9)
subplot(311)
plot(W_vzt(:,1),'b-');
hold on;
plot(W_vzt(:,2),'b-');
plot(W_vzt(:,3),'b-');
plot(W_vzt(:,4),'b-');
plot(W_vzt(:,5),'b-');
plot(W_vzt(:,6),'b-');
plot(W_vzt(:,7),'b-');
plot(W_vzt(:,8),'b-');
plot(W_vzt(:,9),'b-');
plot(W_vzt(:,10),'b-');
subplot(312)
W_vzt = W_vzt.*10;
plot(W_uzt(:,1),'b-');
hold on;
plot(W_uzt(:,2),'b-');
plot(W_uzt(:,3),'b-');
plot(W_uzt(:,4),'b-');
plot(W_uzt(:,5),'b-');
plot(W_uzt(:,6),'b-');
plot(W_uzt(:,7),'b-');
plot(W_uzt(:,8),'b-');
plot(W_uzt(:,9),'b-');
plot(W_uzt(:,10),'b-');
subplot(313)
plot(W_dzt(:,1),'b-');
hold on;
plot(W_dzt(:,2),'b-');
plot(W_dzt(:,3),'b-');
plot(W_dzt(:,4),'b-');
plot(W_dzt(:,5),'b-');
plot(W_dzt(:,6),'b-');
plot(W_dzt(:,7),'b-');
plot(W_dzt(:,8),'b-');
plot(W_dzt(:,9),'b-');
plot(W_dzt(:,10),'b-');
% W_uzt = W_uzt.*10;
figure (10)
plot(W_uzt(:,1),'b-');
hold on;
plot(W_uzt(:,2),'b-');
plot(W_uzt(:,3),'b-');
plot(W_uzt(:,4),'b-');
plot(W_uzt(:,5),'b-');
plot(W_uzt(:,6),'b-');
plot(W_uzt(:,7),'b-');
plot(W_uzt(:,8),'b-');
plot(W_uzt(:,9),'b-');
plot(W_uzt(:,10),'b-');
figure (11)
plot(W_dzt(:,1),'b-');
hold on;
plot(W_dzt(:,2),'b-');
plot(W_dzt(:,3),'b-');
plot(W_dzt(:,4),'b-');
plot(W_dzt(:,5),'b-');
plot(W_dzt(:,6),'b-');
plot(W_dzt(:,7),'b-');
plot(W_dzt(:,8),'b-');
plot(W_dzt(:,9),'b-');
plot(W_dzt(:,10),'b-');
 
figure (12)
% plot(u_sz(1,:),'b-');
% hold on;
plot(u_szt(1,:),'r-');
figure (13)
% plot(u_sz(1,:),'b-');
% hold on;
plot(d_szt(1,:),'r-');
 
figure (14)
plot(err_HJI(6:iter));
 
for i = 1:iter
    final(i) = base_zt(:,i)'*W_vzt(i,:)';
end
 
FINAL_E = err_HJI(iter) + final(iter); 
 
figure (15)
AA = [1.0863 0.0675 0.0017 3.5035*1e-4 1.5155*1e-6 1.3171*1e-6 3.6335*1e-9 3*1e-9 1.0264*1e-10];
plot(AA);
 
for i = 1:iter
    cost_s31t(i) = sum(cost_s31(i:iter));
    cost_st1t(i) = sum(cost_st1(i:iter));
end
 
figure (16)
plot(cost_s31t,'r--');
hold on;
plot(cost_st1t,'b-');



















Chapter 8

8.6 Matlab Codes
%Matlab code for Example 8.2-1
%Copyright by Author—Hao Xu
%%
clear all;
close all;
clc;
 
N_p = 10;                  % Number of WNCS pairs
range = 100;              % The range of whole WNCS field
 
P_t = 10;                   % The fixed transmission power
SNR_db = 10;            % The signal-noise-ratio in dB form
SNR = 10.^(SNR_db/10);   % The signal-noise-ratio in mW form
noise = P_t/SNR;       % The noise density
BW = 8*10e4;             % 900kHz for bandwidth
len_p = 10;                % The length of packet
speed = 20*rand(1,N_p);  % The speed of different pairs of WNCS m/s
 
% The parameters for control part of WNCS
Tp = 0.034;                   % The sampling interval
d_b = 2;                      %  The delay bound
size_x = 4;
size_u = 2;
Q = eye(size_x);
R = eye(size_u);
iter = 500;   % The number of iteration steps
Buff(:,1) = ones(N_p,1);   % The length of buffer
 
scalf = 1e5;
 
% The NCS system model
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 -6.654 5.893];
Bc = [0 1.679 1.136 1.136;0 0 -3.146 0]';
Ad = expm(Ac*Tp);
Bd = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Bc;
 
% The constant control gain for different pairs of WNCS
[Pm,Lm,Km] = dare(Ad,Bd,Q,R);
 
% Initial system states for different pairs of WNCS---time 0
for i = 1:N_p
    
    x_s(:,i,1) = [2 3 5 -2]'*i;
    u_s(:,i,1) = -Km*x_s(:,i,1);
    
    % Calculate the initial cost function value
    J_s(i,1) = x_s(:,i,1)'*Q*x_s(:,i,1) + u_s(:,i,1)'*R*u_s(:,i,1);
    delta_J_sc(i,1) = J_s(i,1);
    
end
 
% Calculate the data rate for different pairs of WNCS
for i = 1:N_p
    dis(i) = 10*i;
    R_pc(i) = BW*log2(1+P_t*dis(i).^(-2)/(noise));  % data rate for different pair of WNCS
    delay(i) = len_p/R_pc(i);   % Transmission delay when WNCS pair has the wireless resource
end
 
% Case 1 (c1): Proposed distributed scheduling for WNCS
% Calculating some parameters for WNCS scheduling
SF = 1e-4;
delta_J_c1(:,1) = delta_J_sc(:,1);
R_p_c1(:,1) = R_pc;         % for 1st scheduling
 
% Criterion 1: delta_cost_fn + data_rate
for i = 1:N_p
    if delta_J_c1(i,1) < 0
        num_p_c1(i,1) = abs(delta_J_c1(i,1))*1e6 + R_p_c1(i,1);
    else
        num_p_c1(i,1) = delta_J_c1(i,1) + R_p_c1(i,1);
    end
end
 
sum_num_c1(1) = sum(num_p_c1);
ind_c1(:,1) = ones(N_p,1);                % The index for all pairs of WNCS as beta
Beta_c1(:,1) = ind_c1(:,1);
sum_Beta_c1 = sum(Beta_c1(:,1));
sum_rate_c1 = zeros(1,iter);
delay_c1(:,1) = Tp*ones(N_p,1);
 
% Calculate the backoff interval (BI) for all WNCS pairs
n_s = 1;                          % The number of scheduling
tp_c1 = 0;
% delay_c1(:,:,1) = zeros()
while (tp_c1 <= Tp && sum_Beta_c1 ~= 0)
    for i = 1:N_p
        BI_c1(i,n_s) = SF*(sum_num_c1(n_s))/(num_p_c1(i,n_s) + Beta_c1(i,n_s)*sum_num_c1(n_s));
    end
    [BI_use_c1(n_s),sindx(n_s)] = min(BI_c1(:,n_s));
    tp_c1 = tp_c1 + BI_use_c1(n_s) + delay(sindx(n_s));  % Update the time
%     for i = 1:N_p
%         R_p_ctemp(i,n_s+1) = BW*log2(1+P_t*(dis(i)-(2*rand-1)*speed(i)*tp_c1).^(-2)/(noise));  % data rate for different pair of WNCS
%     end
    sum_rate_c1(1) = sum_rate_c1(1) + R_pc(sindx(n_s))*delay(sindx(n_s));
    delay_c1(sindx(n_s),1) = tp_c1;
    for i = 1:N_p
        if i == sindx(n_s)
            if ind_c1(sindx(n_s),n_s) >= 1
                num_p_c1(sindx(n_s),n_s+1) = num_p_c1(sindx(n_s),n_s);
            else
                num_p_c1(sindx(n_s),n_s+1) = 0;
            end
            ind_c1(sindx(n_s),n_s+1) = ind_c1(sindx(n_s),n_s) - 1;
        else
            % Update the utility from different pair of WNCS
            num_p_c1(i,n_s+1) = num_p_c1(i,n_s); % - R_p_ctemp;
            ind_c1(i,n_s+1) = ind_c1(i,n_s);
        end
    end
    sum_num_c1(n_s+1) = sum(num_p_c1(:,n_s+1));
    n_s = n_s + 1;
    Beta_c1(:,n_s) = ind_c1(:,n_s);
    sum_Beta_c1 = sum(Beta_c1(:,n_s));
end
 
T_used(1) = tp_c1;   % record time used in first time interval
ind_c2(:,1) = ind_c1(:,n_s) + ones(N_p,1);  % One packet received in buffer
Beta_c1(:,n_s) = ind_c1(:,n_s);
sum_Beta_c1 = sum(Beta_c1(:,n_s));
 
Az = expm(Ac*Tp);
% Calculating the system dynamics
for i = 1:N_p
    if delay_c1(i,1) < Tp
        Bz1(:,:,i,1) = quadv(@(t)myFun(t,-Ac),0,delay_c1(i,1))*expm(Ac*Tp)*Bc;
        Bz0(:,:,i,1) = quadv(@(t)myFun(t,-Ac),delay_c1(i,1),Tp)*expm(Ac*Tp)*Bc;
        x_s(:,i,2) = Az*x_s(:,i,1) + Bz0(:,:,i,1)*u_s(:,i,1);
        u_s(:,i,2) = -Km*x_s(:,i,2);
    else
        x_s(:,i,2) = Az*x_s(:,i,1);
        u_s(:,i,2) = -Km*x_s(:,i,2);
    end
    
    J_s(i,2) = x_s(:,i,2)'*Q*x_s(:,i,2) + u_s(:,i,2)'*R*u_s(:,i,2);
    delta_J_c1(i,2) = J_s(i,1) - J_s(i,2);
end
 
cap(1) = 0;
cost(1) = 0;
epi = 0.01;
for i = 1:N_p
    if ind_c2(i,1) > 1
        cap(i,1) = 0;
    else
        cap(i,1) = len_p;
    end
    cost(1) = cost(1) + 2^((cap(i,1) + delta_J_c1(i,2))/scalf);
end
utility_p(1) =  cost(1);
% Calculating the utility for whole network
sum_tot(1) = sum_rate_c1(1)/T_used(1) + sum(delta_J_c1(:,2));
 
%%%%%%%%%%%%%%%%%%%%%%%%%
% Initial the parameters
n_s = 1;                          % The number of scheduling
if T_used(1) >= Tp
    tp_c1 = T_used(1) - Tp;
else
    tp_c1 = 0;
end
R_p_c1(:,2) = R_pc;
for j = 1:N_p
    if delta_J_c1(j,2) < 0
       num_p_c1(j,1) = abs(delta_J_c1(j,2))*1e6 + R_p_c1(j,2);
    else
       num_p_c1(j,1) = delta_J_c1(j,2) + R_p_c1(j,2);
    end
end
%     num_p_c1(:,i-1) = delta_J_c1(:,i-1) + R_p_c1(:,i-1);
sum_num_c1(2) = sum(num_p_c1(:,1));
Beta_c1(:,n_s) = ind_c2(:,1);
sum_Beta_c1 = sum(Beta_c1(:,2));
sum_rate_c1 = zeros(1,iter);
ind_c1 = [];
ind_c1(:,n_s) = ind_c2(:,1);
    
while (tp_c1 <= Tp && sum_Beta_c1 ~= 0)
    for j = 1:N_p
         BI_c1(j,n_s) = SF*(sum_num_c1(n_s))/(num_p_c1(j,n_s) + Beta_c1(j,n_s)*sum_num_c1(n_s));  %ind_c2(j,1)*
    end
    [BI_use_c1(n_s),sindx(n_s)] = min(BI_c1(:,n_s));
    tp_c1 = tp_c1 + BI_use_c1(n_s) + delay(sindx(n_s));  % Update the time
    sum_rate_c1(2) = sum_rate_c1(2) + R_pc(sindx(n_s))*delay(sindx(n_s));
%     if ind_c2(sindx(n_s,1)) > 1
        delay_c1(sindx(n_s),2) = (ind_c2(sindx(n_s),1)-1)*Tp + tp_c1;
%     else
        
    for j = 1:N_p
        if j == sindx(n_s)
            if ind_c1(sindx(n_s),n_s) >= 1
                num_p_c1(sindx(n_s),n_s+1) = num_p_c1(sindx(n_s),n_s);
            else
                num_p_c1(sindx(n_s),n_s+1) = 0;
            end
            ind_c1(sindx(n_s),n_s+1) = ind_c1(sindx(n_s),n_s) - 1;
        else
            num_p_c1(j,n_s+1) = num_p_c1(j,n_s);
            ind_c1(j,n_s+1) = ind_c1(j,n_s);
        end
    end
    sum_num_c1(n_s+1) = sum(num_p_c1(:,n_s+1));
    n_s = n_s + 1;
    Beta_c1(:,n_s) = ind_c1(:,n_s);
    sum_Beta_c1 = sum(Beta_c1(:,n_s));
end
 
T_used(2) = tp_c1;   % record time used in first time interval
ind_c2(:,2) = ind_c1(:,n_s) + ones(N_p,1);  % One packet received in buffer
Beta_c1(:,n_s) = ind_c1(:,n_s);
sum_Beta_c1 = sum(Beta_c1(:,n_s));
    
% Calculating the system dynamics
for j = 1:N_p
    if delay_c1(j,2) >= Tp
        Bz2(:,:,j,2) = quadv(@(t)myFun(t,-Ac),0,delay_c1(j,2) - Tp)*expm(Ac*Tp)*Bc;
        Bz1(:,:,j,2) = quadv(@(t)myFun(t,-Ac),delay_c1(j,2) - Tp,Tp)*expm(Ac*Tp)*Bc;
        Bz0(:,:,j,2) = quadv(@(t)myFun(t,-Ac),Tp,Tp)*expm(Ac*Tp)*Bc;
        x_s(:,j,3) = Az*x_s(:,j,2) + Bz1(:,:,j,2)*u_s(:,j,1);
        u_s(:,j,3) = -Km*x_s(:,j,3);
    else
        Bz1(:,:,j,2) = quadv(@(t)myFun(t,-Ac),0,delay_c1(j,2))*expm(Ac*Tp)*Bc;
        Bz0(:,:,j,2) = quadv(@(t)myFun(t,-Ac),delay_c1(j,2),Tp)*expm(Ac*Tp)*Bc;
        x_s(:,j,3) = Az*x_s(:,j,2) + Bz1(:,:,j,2)*u_s(:,j,1) + Bz0(:,:,j,2)*u_s(:,j,2);
        u_s(:,j,3) = -Km*x_s(:,j,3);
    end
 
    J_s(j,3) = x_s(:,j,3)'*Q*x_s(:,j,3) + u_s(:,j,3)'*R*u_s(:,j,3);
    delta_J_c1(j,3) = J_s(j,2) - J_s(j,3);
end
 
cap(2) = 0;
cost(2) = 0;
for i = 1:N_p
    if ind_c2(i,2)-ind_c2(i,1) > 0
        cap(i,2) = 0;
    else
        cap(i,2) = len_p;
    end
    cost(2) = cost(2) + 2^((cap(i,2) + delta_J_c1(i,3))/scalf);
end
utility_p(2) =  cost(2);
% Calculating the utility for whole network
sum_tot(2) = sum_rate_c1(2)/T_used(2) + sum(delta_J_c1(:,3));
%%%%%%%%%%%%%%%%%%%%%%%%%
 
for i = 4:iter
% Initial the parameters
    n_s = 1;                          % The number of scheduling
    if T_used(i-2) >= Tp
        tp_c1 = T_used(i-2) - Tp;
    else
        tp_c1 = 0;
    end
    R_p_c1(:,i-1) = R_pc;
    for j = 1:N_p
        if delta_J_c1(j,i-1) < 0
            num_p_c1(j,1) = abs(delta_J_c1(j,i-1))*1e6 + R_p_c1(j,i-1);
        else
            num_p_c1(j,1) = delta_J_c1(j,i-1) + R_p_c1(j,i-1);
        end
    end
%     num_p_c1(:,i-1) = delta_J_c1(:,i-1) + R_p_c1(:,i-1);
    sum_num_c1(i-1) = sum(num_p_c1(:,1));
    Beta_c1(:,n_s) = ind_c2(:,i-2);
    sum_Beta_c1 = sum(Beta_c1(:,n_s));
    sum_rate_c1 = zeros(1,iter);
    ind_c1 = [];
    ind_c1(:,n_s) = ind_c2(:,i-2);
    
    delay_c1(:,i-1) = Tp*ones(N_p,1);
    while (tp_c1 <= Tp && sum_Beta_c1 ~= 0)
        for j = 1:N_p
            BI_c1(j,n_s) = SF*(sum_num_c1(n_s))/(num_p_c1(j,n_s) + Beta_c1(j,n_s)*sum_num_c1(n_s));  %ind_c2(j,i-2)*
        end
        [BI_use_c1(n_s),sindx(n_s)] = min(BI_c1(:,n_s));
        tp_c1 = tp_c1 + BI_use_c1(n_s) + delay(sindx(n_s));  % Update the time
        sum_rate_c1(i-1) = sum_rate_c1(i-1) + R_pc(sindx(n_s))*delay(sindx(n_s));
        delay_c1(sindx(n_s),i-1) = (ind_c2(sindx(n_s),1)-1)*Tp + tp_c1;
        for j = 1:N_p
            if j == sindx(n_s)
                if ind_c1(sindx(n_s),n_s) > 1
                    num_p_c1(sindx(n_s),n_s+1) = num_p_c1(sindx(n_s),n_s);
                else
                    num_p_c1(sindx(n_s),n_s+1) = 0;
                end
                ind_c1(sindx(n_s),n_s+1) = ind_c1(sindx(n_s),n_s) - 1;
            else
                num_p_c1(j,n_s+1) = num_p_c1(j,n_s);
                ind_c1(j,n_s+1) = ind_c1(j,n_s);
            end
        end
        sum_num_c1(n_s+1) = sum(num_p_c1(:,n_s+1));
        n_s = n_s + 1;
        Beta_c1(:,n_s) = ind_c1(:,n_s);
        sum_Beta_c1 = sum(Beta_c1(:,n_s));
    end
 
    T_used(i-1) = tp_c1;   % record time used in first time interval
    ind_c2(:,i-1) = ind_c1(:,n_s) + ones(N_p,1);  % One packet received in buffer
    Beta_c1(:,n_s) = ind_c1(:,n_s);
    sum_Beta_c1 = sum(Beta_c1(:,n_s));
    
% Calculating the system dynamics
   for j = 1:N_p
        if delay_c1(j,i-1) > Tp
            Bz2(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),0,delay_c1(j,i-1) - Tp)*expm(Ac*Tp)*Bc;
            Bz1(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),delay_c1(j,i-1) - Tp,Tp)*expm(Ac*Tp)*Bc;
            Bz0(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),Tp,Tp)*expm(Ac*Tp)*Bc;
            x_s(:,j,i) = Az*x_s(:,j,i-1) + Bz1(:,:,j,i-1)*u_s(:,j,i-2) + Bz2(:,:,j,i-1)*u_s(:,j,i-3);
            u_s(:,j,i) = -Km*x_s(:,j,i);
        else
            Bz1(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),0,delay_c1(j,i-1))*expm(Ac*Tp)*Bc;
            Bz0(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),delay_c1(j,i-1),Tp)*expm(Ac*Tp)*Bc;
            x_s(:,j,i) = Az*x_s(:,j,i-1) + Bz1(:,:,j,i-1)*u_s(:,j,i-2) + Bz0(:,:,j,i-1)*u_s(:,j,i-1);
            u_s(:,j,i) = -Km*x_s(:,j,i);
        end
        J_s(j,i) = x_s(:,j,i)'*Q*x_s(:,j,i) + u_s(:,j,i)'*R*u_s(:,j,i);
        delta_J_c1(j,i) = J_s(j,i-1) - J_s(j,i);
   end
    
    cap(i-1) = 0;
    cost(i-1) = 0;
    for ll = 1:N_p
        if ind_c2(ll,i-1)-ind_c2(ll,i-2) > 0
            cap(ll,i-1) = 0;
        else
            cap(ll,i-1) = len_p;
        end
        cost(i-1) = cost(i-1) + 2^((cap(ll,i-1) + delta_J_c1(ll,i))/scalf);
    end
    utility_p(i-1) = cost(i-1);
    % Calculating the utility for whole network
    sum_tot(i-1) = sum_rate_c1(i-1)/T_used(i-1) + sum(delta_J_c1(:,i));
    
end
 
utility_p_f(1) = utility_p(1);
for i = 2:iter-1
    utility_p_f(i) = utility_p_f(i-1) + utility_p(i); 
end
 
for i = 1:iter
    x_c1_1(:,i) = x_s(:,1,i);
    u_c1_1(:,i) = u_s(:,1,i);
    x_c1_2(:,i) = x_s(:,2,i);
    u_c1_2(:,i) = u_s(:,2,i);
    x_c1_3(:,i) = x_s(:,3,i);
    u_c1_3(:,i) = u_s(:,3,i);
    x_c1_4(:,i) = x_s(:,4,i);
    u_c1_4(:,i) = u_s(:,4,i);
    x_c1_5(:,i) = x_s(:,5,i);
    u_c1_5(:,i) = u_s(:,5,i);
    x_c1_6(:,i) = x_s(:,6,i);
    u_c1_6(:,i) = u_s(:,6,i);
    x_c1_7(:,i) = x_s(:,7,i);
    u_c1_7(:,i) = u_s(:,7,i);
    x_c1_8(:,i) = x_s(:,8,i);
    u_c1_8(:,i) = u_s(:,8,i);
    x_c1_9(:,i) = x_s(:,9,i);
    u_c1_9(:,i) = u_s(:,9,i);
    x_c1_10(:,i) = x_s(:,10,i);
    u_c1_10(:,i) = u_s(:,10,i);
end
 
figure (1)
subplot(411)
plot(1:1:iter,x_c1_1(1,:));
subplot(412)
plot(1:1:iter,x_c1_1(2,:));
subplot(413)
plot(1:1:iter,x_c1_1(3,:));
subplot(414)
plot(1:1:iter,x_c1_1(4,:));
 
figure (2)
subplot(211)
plot(1:1:iter,u_c1_1(1,:));
subplot(212)
plot(1:1:iter,u_c1_1(2,:));
 
figure (3)
subplot(411)
plot(1:1:iter,x_c1_2(1,:));
subplot(412)
plot(1:1:iter,x_c1_2(2,:));
subplot(413)
plot(1:1:iter,x_c1_2(3,:));
subplot(414)
plot(1:1:iter,x_c1_2(4,:));
 
figure (4)
subplot(211)
plot(1:1:iter,u_c1_2(1,:));
subplot(212)
plot(1:1:iter,u_c1_2(2,:));
 
figure (5)
subplot(411)
plot(1:1:iter,x_c1_3(1,:));
subplot(412)
plot(1:1:iter,x_c1_3(2,:));
subplot(413)
plot(1:1:iter,x_c1_3(3,:));
subplot(414)
plot(1:1:iter,x_c1_3(4,:));
 
figure (6)
subplot(211)
plot(1:1:iter,u_c1_3(1,:));
subplot(212)
plot(1:1:iter,u_c1_3(2,:));
 
figure (7)
subplot(411)
plot(1:1:iter,x_c1_4(1,:));
subplot(412)
plot(1:1:iter,x_c1_4(2,:));
subplot(413)
plot(1:1:iter,x_c1_4(3,:));
subplot(414)
plot(1:1:iter,x_c1_4(4,:));
 
figure (8)
subplot(211)
plot(1:1:iter,u_c1_4(1,:));
subplot(212)
plot(1:1:iter,u_c1_4(2,:));
 
figure (9)
subplot(411)
plot(1:1:iter,x_c1_5(1,:));
subplot(412)
plot(1:1:iter,x_c1_5(2,:));
subplot(413)
plot(1:1:iter,x_c1_5(3,:));
subplot(414)
plot(1:1:iter,x_c1_5(4,:));
 
figure (10)
subplot(211)
plot(1:1:iter,u_c1_5(1,:));
subplot(212)
plot(1:1:iter,u_c1_5(2,:));
 
figure (11)
subplot(411)
plot(1:1:iter,x_c1_6(1,:));
subplot(412)
plot(1:1:iter,x_c1_6(2,:));
subplot(413)
plot(1:1:iter,x_c1_6(3,:));
subplot(414)
plot(1:1:iter,x_c1_6(4,:));
 
figure (12)
subplot(211)
plot(1:1:iter,u_c1_6(1,:));
subplot(212)
plot(1:1:iter,u_c1_6(2,:));
 
figure (13)
subplot(411)
plot(1:1:iter,x_c1_7(1,:));
subplot(412)
plot(1:1:iter,x_c1_7(2,:));
subplot(413)
plot(1:1:iter,x_c1_7(3,:));
subplot(414)
plot(1:1:iter,x_c1_7(4,:));
 
figure (14)
subplot(211)
plot(1:1:iter,u_c1_7(1,:));
subplot(212)
plot(1:1:iter,u_c1_7(2,:));
 
figure (15)
subplot(411)
plot(1:1:iter,x_c1_8(1,:));
subplot(412)
plot(1:1:iter,x_c1_8(2,:));
subplot(413)
plot(1:1:iter,x_c1_8(3,:));
subplot(414)
plot(1:1:iter,x_c1_8(4,:));
 
figure (16)
subplot(211)
plot(1:1:iter,u_c1_8(1,:));
subplot(212)
plot(1:1:iter,u_c1_8(2,:));
 
figure (17)
subplot(411)
plot(1:1:iter,x_c1_9(1,:));
subplot(412)
plot(1:1:iter,x_c1_9(2,:));
subplot(413)
plot(1:1:iter,x_c1_9(3,:));
subplot(414)
plot(1:1:iter,x_c1_9(4,:));
 
figure (18)
subplot(211)
plot(1:1:iter,u_c1_9(1,:));
subplot(212)
plot(1:1:iter,u_c1_9(2,:));
 
figure (19)
subplot(411)
plot(1:1:iter,x_c1_10(1,:));
subplot(412)
plot(1:1:iter,x_c1_10(2,:));
subplot(413)
plot(1:1:iter,x_c1_10(3,:));
subplot(414)
plot(1:1:iter,x_c1_10(4,:));
 
figure (20)
subplot(211)
plot(1:1:iter,u_c1_10(1,:));
subplot(212)
plot(1:1:iter,u_c1_10(2,:));
 
figure (21)
plot(1:1:iter-1,sum_tot);
 
figure (22)
plot(1:1:iter-1,T_used);
 
iter1 = iter;
figure (23)
plot(1:1:iter1-1,delay_c1(1,1:iter1-1));
hold on;
plot(1:1:iter1-1,delay_c1(2,1:iter1-1));
plot(1:1:iter1-1,delay_c1(3,1:iter1-1));
plot(1:1:iter1-1,delay_c1(4,1:iter1-1));
plot(1:1:iter1-1,delay_c1(5,1:iter1-1));
plot(1:1:iter1-1,delay_c1(6,1:iter1-1));
plot(1:1:iter1-1,delay_c1(7,1:iter1-1));
plot(1:1:iter1-1,delay_c1(8,1:iter1-1));
plot(1:1:iter1-1,delay_c1(9,1:iter1-1));
plot(1:1:iter1-1,delay_c1(10,1:iter1-1));
 
figure (24)
plot(1:1:iter,J_s(1,:));
hold on;
plot(1:1:iter,J_s(2,:));
plot(1:1:iter,J_s(3,:));
plot(1:1:iter,J_s(4,:));
plot(1:1:iter,J_s(5,:));
plot(1:1:iter,J_s(6,:));
plot(1:1:iter,J_s(7,:));
plot(1:1:iter,J_s(8,:));
plot(1:1:iter,J_s(9,:));
plot(1:1:iter,J_s(10,:));


Chapter 9
9.7 Code
%Matlab codes for Example 9.3-1
%Copyright by Author—Hao Xu
clear all;
close all;
clc;
 
T_s = 0.10;                     % Sampling interval
iter = 200;
 
% Continuous-time system
Ac = [0.55 -0.4; 0.3 -0.7];
Bc = [1 1]';
 
K = [-1.3268 0.4618];
 
% Discretized the system
Ad = expm(Ac*T_s)
Bd = quadv(@(t)myFun(t,-Ac),0,T_s)*expm(Ac*T_s)*Bc;
 
% Ad = [0.1 1.2;0.007 1.05];
% Bd = [300 200;0.5 0.001];
Q1 = 0.001*eye(2);
R1 = 0.5;%*ones(2,2);
 
[xx,ll,gg] = dare(Ad,Bd,Q1,R1);
P = xx;
K = -gg;% + 0.001*rand(2,2);
 
x_int = [-0.2 0.5]';   % Initial system state
x_t(:,1) = x_int; 
u_t(:,1) = K*x_t(:,1);
for i = 1:iter-1
    x_t(:,i+1) = Ad*x_t(:,i) + Bd*u_t(:,i);
    u_t(:,i+1) = K*x_t(:,i+1);
end
 
figure (1)
plot(x_t(1,:));
hold on;
plot(x_t(2,:));
 
figure (2)
plot(u_t(1,:));
hold on;
% plot(u_t(2,:))
 
% Case 1: ZOH event-triggered
% P = 0.5*eye(2);
Q = P - 1*(Ad+Bd*K)'*P*(Ad+Bd*K);
sigma = 0.01;
 
gamma_zoh = sigma*norm(Q)/(norm(Bd*K)^2*norm(P));
 
x_zoh(:,1) = x_int;
u_zoh(:,1) = K*x_zoh(:,1);
x_hat = x_zoh(:,1);
for i = 1:iter-1
    x_zoh(:,i+1) = Ad*x_zoh(:,i) + Bd*u_zoh(:,i);
    err_zoh(:,i+1) = x_zoh(:,i+1) - x_hat;
    
    if norm(err_zoh(:,i+1))^2 <= gamma_zoh*(norm(x_zoh(:,i+1))^2)
        u_zoh(:,i+1) = u_zoh(:,i);
    else
        x_hat = x_zoh(:,i+1);
        u_zoh(:,i+1) = K*x_zoh(:,i+1);
        err_zoh(:,i+1) = 0;
    end
    
    err_n(:,i+1) = norm(err_zoh(:,i+1));
    cre(:,i+1) = sqrt(gamma_zoh*(norm(x_zoh(:,i+1))^2));
    
end
 
figure (3)
plot(x_zoh(1,:));
hold on;
plot(x_zoh(2,:));
 
figure (4)
plot(u_zoh(1,:));
hold on;
% plot(u_zoh(2,:))
    
figure (5)
plot(err_n);
hold on;
plot(cre)
 
% Case 2: Fixed Model-based
Ac1 = [0.495 -0.360;0.270 -0.630];
Bc1 = [1 1]';
 
% Discrete uncertainty
Ad1 = expm(Ac1*T_s)
Bd1 = quadv(@(t)myFun(t,-Ac1),0,T_s)*expm(Ac1*T_s)*Bc1;
 
Q1 = 0.001*eye(2);
R1 = 0.5;%*ones(2,2);
 
[xx1,ll1,gg1] = dare(Ad1,Bd1,Q1,R1);
P = xx;
K1 = -gg1;% + 0.001*rand(2,2);
 
% K1 = [-1.3268 0.4618];
sigma1 = 0.01;
 
Q = P - 1*(Ad1+Bd1*K)'*P*(Ad1+Bd1*K);
delta_A = Ad - Ad1;
delta_B = Bd - Bd1;
temp1 = norm(Q) - 4*norm(delta_A + delta_B*K1)^2*norm(P);
gamma_FMB = sigma1*temp1/(4*norm(Bd*K1)^2*norm(P));
 
x_FMB(:,1) = x_int;
u_FMB(:,1) = K1*x_FMB(:,1);
x_FMB_est(:,1) = x_int;
 
for i = 1:iter-1
    x_FMB(:,i+1) = Ad*x_FMB(:,i) + Bd*u_FMB(:,i);
    x_FMB_est(:,i+1) = Ad1*x_FMB_est(:,i) + Bd1*u_FMB(:,i);
    
    err_FMB(:,i+1) = x_FMB(:,i+1) - x_FMB_est(:,i+1);
    
    if norm(err_FMB(:,i+1))^2 <= gamma_FMB*(norm(x_FMB(:,i+1))^2)
        u_FMB(:,i+1) = K1*x_FMB_est(:,i+1);
    else
        u_FMB(:,i+1) = K1*x_FMB(:,i+1);
        x_FMB_est(:,i+1) = x_FMB(:,i+1);
        err_FMB(:,i+1) = 0;
    end
    
    err_FMB_n(:,i+1) = norm(err_FMB(:,i+1));
    cre_FMB(:,i+1) = sqrt(gamma_FMB*(norm(x_FMB(:,i+1))^2))
    
end
 
figure (6)
plot(x_FMB(1,:));
hold on;
plot(x_FMB(2,:));
 
figure (7)
plot(u_FMB);
 
figure (8)
plot(err_FMB_n);
hold on;
plot(cre_FMB);
 
% Case 3: adaptive model-based
Q2 = 0.001*eye(2);
R2 = 0.5;%*ones(2,2);
 
size_A = 2;
size_B = 1;
theta_int = rand(size_A,size_A + size_B);
theta_int = [0.9244 0.8832 0.5844; 0.7615 0.4643 0.4697];
Theta(:,:,1) = theta_int;
A_est(:,:,1) = Theta(1:size_A,1:size_A,1);
B_est(:,1) = Theta(1:size_A,size_A+size_B,1);
 
[xx2,ll2,gg2] = dare(A_est(:,:,1),B_est(:,1),Q1,R1);
K2(:,:,1) = -gg2 ;
P = xx2;
 
sigma2 = 0.01;
Q = P - 1*(A_est(:,:,1)+B_est(:,1)*K2(:,:,1))'*P*(A_est(:,:,1)+B_est(:,1)*K2(:,:,1));
gamma_AMB(1) = sigma2*norm(Q)/(4*norm(P)*norm(Bd*K2(:,:,1))^2);
 
x_AMB(:,1) = x_int;
u_AMB(:,1) = K2(:,:,1)*x_AMB(:,1);
x_AMB_est(:,1) = x_int;
alpha_e = 0.4;
 
for i = 1:iter-1
    x_AMB(:,i+1) = Ad*x_AMB(:,i) + Bd*u_AMB(:,1);
    x_AMB_est(:,i+1) = A_est(:,:,i)*x_AMB_est(:,i) + B_est(:,:,i)*u_AMB(:,i);
    
    err_AMB(:,i+1) = x_AMB(:,i+1) - x_AMB_est(:,i+1);
    
    if norm(err_AMB(:,i+1))^2 <= gamma_AMB(i)*norm(x_AMB(:,i+1))^2
        Theta(:,:,i+1) = Theta(:,:,i);
        index(i+1) = 1;
    else
        x_AMB_new(:,i+1) = A_est(:,:,i)*x_AMB(:,i) + B_est(:,:,i)*u_AMB(:,i);
        z_AMB(:,i) = [x_AMB(:,i);u_AMB(:,i)];
        err_update(:,i+1) = x_AMB(:,i+1) - x_AMB_new(:,i+1);
        Theta(:,:,i+1) = Theta(:,:,i) + (alpha_e*z_AMB(:,i)*err_update(:,i+1)')';
        err_AMB(:,i+1) = 0;
        x_AMB_est(:,i+1) = x_AMB(:,i+1);
        index(i+1) = 0;
    end
    
    err_AMB_n(:,i+1) = norm(err_AMB(:,i+1));
    cre_AMB(:,i+1) = sqrt(gamma_AMB(i)*(norm(x_AMB(:,i+1))^2))
    
    A_est(:,:,i+1) = Theta(1:size_A,1:size_A,i+1);
    B_est(:,:,i+1) = Theta(1:size_A,size_A+size_B,i+1);
    [xx2,ll2,gg2] = dare(A_est(:,:,i+1),B_est(:,:,i+1),Q2,R2);
    K2(:,:,i+1) = -gg2;
    P = xx2;
    if index(i+1) == 1
        u_AMB(:,i+1) = K2(:,:,i+1)*x_AMB_est(:,i+1);
    else
        u_AMB(:,i+1) = K2(:,:,i+1)*x_AMB(:,i+1);
    end
 
    Q = P - 1*(A_est(:,:,i+1)+B_est(:,i+1)*K2(:,:,i+1))'*P*(A_est(:,:,i+1)+B_est(:,i+1)*K2(:,:,i+1));
    gamma_AMB(i+1) = sigma2*norm(Q)/(4*norm(P)*norm(Bd*K2(:,:,i+1))^2);
end
 
figure (9)
plot(x_AMB(1,:));
hold on;
plot(x_AMB(2,:));
 
figure (10)
plot(u_AMB);
 
figure (11)
plot(err_AMB_n);
hold on;
plot(cre_AMB);

























Chapter 10
Chapter 10
clear all;
close all;
clc;
 
% 1. Batch Reactor Continuous time dynamics
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 -6.654 5.893];
Bc = [0 1.679 1.136 1.136;0 0 -3.146 0]';
 
% 2. Known all the system dynamics---Considering the effects of different
% final P_n
Tp = 0.05;    % The samlping interval
iter = 500;
 
% Generate some packet losses
gamma = binornd(1,0.98,1,iter);
gamma2 = binornd(1,0.8,1,iter);
 
% Define the delays
b1 = rand(1,iter);
% for i = 1:iter
%     b1(i) = 0.1+0.8/(10*iter)*i;
% end
tuo1 = Tp*b1;              % Used for control input uk-1
tuo0 = Tp*ones(1,iter) - tuo1;         % Used for control input uk
 
% without delay discretized the system
Ad = expm(Ac*Tp);  % Direct discretized the system without delay and packet losses
Bd = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Bc;
 
% Discretized the NCS system
Az = expm(Ac*Tp);  % Direct discretized the system without delay and packet losses
for i = 1:iter
    Bz1(:,:,i) = quadv(@(t)myFun(t,-Ac),0,tuo1(i))*expm(Ac*Tp)*Bc;
    Bz0(:,:,i) = quadv(@(t)myFun(t,-Ac),tuo1(i),Tp)*expm(Ac*Tp)*Bc;
end
 
% Generate a stable control input
size_x = 4;
size_u = 2;
 
size_aug = 8;
length = size_aug*(size_aug + 1)/2; % The length of h vector
 
alphah = 0.1;
const = 5;
 
Q = eye(size_x);
R = eye(size_u);
Qz = eye(size_x+size_u);
 
dis = 0.2;
[pp,ll,kk] = dare(Ad,Bd,Q,R);
kk1 = kk + dis*rand(2,4);
H_d(:,:,1) = zeros(size_aug,size_aug);
h_d(:,1) = h_vector(H_d(:,:,1));
 
% Generate the trajectory for system with known system dynamics
x_int = [10 5 2 -3]';
x_d(:,1) = x_int;
u_d(:,1) = -kk*x_d(:,1);
z_d(:,1) = [x_d(:,1); zeros(size_u,1)];
w_d(:,1) = [z_d(:,1);u_d(:,1)];
W_d(:,1) = activation_vector(w_d(:,1)',size_aug);
r_d(1) = x_d(:,1)'*Q*x_d(:,1) + u_d(:,1)'*R*u_d(:,1);
% x_d(:,2) = Az*x_d(:,1) + Bz0(:,:,1)*u_d(:,1);
x_d(:,2) = Ad*x_d(:,1) + Bd*u_d(:,1);
u_d(:,2) = -kk1*x_d(:,2);
% z_d(:,2) = [x_d(:,2);u_d(:,1)];
% w_d(:,2) = [z_d(:,2);u_d(:,2)];
% W_d(:,2) = activation_vector(w_d(:,2)',size_aug);
% delta_w(:,1) = W_d(:,2) - W_d(:,1);
% err_d(1) = r_d(1) + h_d(:,1)'*delta_w(:,1);
% h_d(:,2) = h_d(:,1) + alphah*delta_w(:,1)*err_d(1)/(delta_w(:,1)'*delta_w(:,1) + 1);
% H_d(:,:,2) = H_matrix(h_d(:,2)',size_aug);
% k_d(:,:,2) = pinv(H_d(7:8,7:8,2))*H_d(7:8,1:6,2);
% r_d(2) = x_d(:,2)'*Q*x_d(:,2) + u_d(:,2)'*R*u_d(:,2) + u_d(:,1)'*R*u_d(:,1);
 
for i = 2:iter-1
    x_d(:,i+1) = Ad*x_d(:,i) + Bd*u_d(:,i);
    [pp,ll,k_d(:,:,i)] = dare([Az Bz0(:,:,i);zeros(size_u,size_x+size_u)],[Bz1(:,:,i);eye(size_u)],Qz,R);
    u_d(:,i+1) = -kk1*x_d(:,i+1);
%     u_d(:,i+1) = -(k_d(:,:,i)+alphah*const*rand(size_u,size_x+size_u))*[x_d(:,i+1);u_d(:,i)];
%     z_d(:,i+1) = [x_d(:,i+1);u_d(:,i)];
%     w_d(:,i+1) = [z_d(:,i+1);u_d(:,i+1)];
%     W_d(:,i+1) = activation_vector(w_d(:,i+1)',size_aug);
%     delta_w(:,i) = W_d(:,i+1) - W_d(:,i);
%     err_d(i) = r_d(i) + h_d(:,i)'*delta_w(:,i);
%     h_d(:,i+1) = h_d(:,i) + alphah*delta_w(:,i)*err_d(i)/(delta_w(:,i)'*delta_w(:,i) + 1);
%     H_d(:,:,i+1) = H_matrix(h_d(:,i+1)',size_aug);
%     k_d(:,:,i+1) = pinv(H_d(7:8,7:8,i+1))*H_d(7:8,1:6,i+1);
%     r_d(i+1) = x_d(:,i+1)'*Q*x_d(:,i+1) + u_d(:,i+1)'*R*u_d(:,i+1) + u_d(:,i)'*R*u_d(:,i);
end
 
x_d2(:,1) = x_int;
u_d2(:,1) = -kk1*x_d2(:,1);
x_d2(:,2) = Az*x_d2(:,1) + Bz0(:,:,1)*gamma2(1)*u_d2(:,1);
u_d2(:,2) = -kk1*gamma(2)*x_d2(:,2);
 
for i = 2:iter-1
    x_d2(:,i+1) = Az*x_d2(:,i) + Bz1(:,:,i)*gamma2(i-1)*u_d2(:,i-1) + Bz0(:,:,i)*gamma2(i)*u_d2(:,i);
    u_d2(:,i+1) = -kk1*gamma(i+1)*x_d2(:,i+1);
end
 
figure (1)
subplot(411)
plot(1:1:iter,x_d(1,:));
subplot(412)
plot(1:1:iter,x_d(2,:));
subplot(413)
plot(1:1:iter,x_d(3,:));
subplot(414)
plot(1:1:iter,x_d(4,:));
 
% Adaptive observer design
alpha0 = 0.8;
alphas = 0.001;
W_ao = [];
W_ao_int = [-alphas*eye(size_x) zeros(size_x,size_x+2*size_u)];
W_ao(:,:,1) = [W_ao_int];
x_e(:,1) = x_int;
u_e(:,1) = -kk*x_e(:,1);
x_d1(:,2) = Az*x_d(:,1) + Bz0(:,:,1)*u_d(:,1);
 
err_x1(:,1) = zeros(size_x,1);
err_x2(:,1) = zeros(size_x,1);
 
x_e(:,2) = W_ao(:,:,1)*[err_x2(:,1);x_e(:,1)+err_x2(:,1);zeros(size_u,1);u_e(:,1)];
 
err_x1(:,2) = x_d1(:,2) - x_e(:,2); %k+1|k
 
z_c(:,1) = [err_x2(:,1);x_d1(:,1);zeros(size_u,1);u_e(:,1)]; 
 
W_ao(:,:,2) = W_ao(:,:,1) + (alpha0*z_c(:,1)*(err_x1(:,2)-alphas*eye(size_x)*err_x2(:,1))'/(z_c(:,1)'*z_c(:,1)+1))';
W_ao(:,1:size_x,2) = W_ao(:,size_x+1:2*size_x,2) -alphas*eye(size_x);
x_e(:,2) = W_ao(:,:,2)*[err_x2(:,1);x_e(:,1)+err_x2(:,1);zeros(size_u,1);u_e(:,1)]
err_x2(:,2) = x_d1(:,2) - x_e(:,2);  %k+1|k+1
 
u_e(:,2) = -kk*x_e(:,2);
 
for i = 2:iter-1
    x_d1(:,i+1) = Az*x_d1(:,i) + Bz1(:,:,i)*gamma2(i-1)*u_e(:,i-1) + Bz0(:,:,i)*gamma2(i)*u_e(:,i);
    x_e(:,i+1) = W_ao(:,:,i)*[err_x2(:,i);x_e(:,i)+err_x2(:,i);gamma2(i-1)*u_e(:,i-1);gamma2(i)*u_e(:,i)];
    err_x1(:,i+1) = x_d1(:,i+1) - x_e(:,i+1);
    z_c(:,i) = [err_x2(:,i);x_d1(:,i);u_e(:,i-1);u_e(:,i)];
    if gamma(i+1) == 1
        W_ao(:,:,i+1) = W_ao(:,:,i) + (alpha0*z_c(:,i)*(err_x1(:,i+1)-alphas*eye(size_x)*err_x2(:,i))'/(z_c(:,i)'*z_c(:,i)+1))';
        W_ao(:,1:size_x,i+1) = W_ao(:,size_x+1:2*size_x,i+1) -alphas*eye(size_x);
    else
        W_ao(:,1:size_x,i+1)=W_ao(:,1:size_x,i);
    end
    x_e(:,i+1) = W_ao(:,:,i+1)*[err_x2(:,i);x_e(:,i)+err_x2(:,i);gamma2(i-1)*u_e(:,i-1);gamma2(i)*u_e(:,i)];
    err_x2(:,i+1) = x_d1(:,i+1) - x_e(:,i+1);
    u_e(:,i+1) = -(k_d(:,:,i)+alphah*const*rand(size_u,size_x+size_u))*[x_e(:,i+1);u_e(:,i)];
end
 
figure (2)
subplot(411)
plot(1:1:iter,x_d1(1,:));
subplot(412)
plot(1:1:iter,x_d1(2,:));
subplot(413)
plot(1:1:iter,x_d1(3,:));
subplot(414)
plot(1:1:iter,x_d1(4,:));
 
figure (3)
subplot(411)
plot(1:1:iter,x_e(1,:));
subplot(412)
plot(1:1:iter,x_e(2,:));
subplot(413)
plot(1:1:iter,x_e(3,:));
subplot(414)
plot(1:1:iter,x_e(4,:));
 
figure (4)
subplot(411)
plot(1:1:iter,x_d1(1,:),'b-');
hold on
plot(1:1:iter,x_e(1,:),'r-');
subplot(412)
plot(1:1:iter,x_d1(2,:),'b-');
hold on
plot(1:1:iter,x_e(2,:),'r-');
subplot(413)
plot(1:1:iter,x_d1(3,:),'b-');
hold on
plot(1:1:iter,x_e(3,:),'r-');
subplot(414)
plot(1:1:iter,x_d1(4,:),'b-');
hold on
plot(1:1:iter,x_e(4,:),'r-');
 
figure (5)
subplot(411)
plot(1:1:iter,err_x2(1,:));
subplot(412)
plot(1:1:iter,err_x2(2,:));
subplot(413)
plot(1:1:iter,err_x2(3,:));
subplot(414)
plot(1:1:iter,err_x2(4,:));
 
 
figure (6)
subplot(411)
plot(1:1:iter,x_d2(1,:));
subplot(412)
plot(1:1:iter,x_d2(2,:));
subplot(413)
plot(1:1:iter,x_d2(3,:));
subplot(414)
plot(1:1:iter,x_d2(4,:));
 
figure (7)
plot(1:1:iter,x_d(1,:));
hold on;
plot(1:1:iter,x_d(2,:));
plot(1:1:iter,x_d(3,:));
plot(1:1:iter,x_d(4,:));
 
figure (8)
plot(1:1:iter,x_d2(1,:));
hold on;
plot(1:1:iter,x_d2(2,:));
plot(1:1:iter,x_d2(3,:));
plot(1:1:iter,x_d2(4,:));
 
figure (9)
plot(1:1:iter,x_d1(1,:));
hold on;
plot(1:1:iter,x_d1(2,:));
plot(1:1:iter,x_d1(3,:));
plot(1:1:iter,x_d1(4,:));
 
figure (10)
plot(1:1:iter,u_e(1,:))
hold on;
plot(1:1:iter,u_e(2,:))
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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 = qua


dv(@(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;


 




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 = qua dv(@(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;  

