Chapter 3 


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-
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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)^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,(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)^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,(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)^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,(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)^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 
% 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(:,i) = Az(:,:,i-1)*zs2(:,i-1) + Bz(:,:,i-1)*us2(:,i-1);
% Azs = [As Bs_u1 Bs_u2;zeros(2,8);zeros(2,4) eye(2) zeros(2,2)];
r3(1) = zs3(:,1)'*Qz*zs3(:,1) + us3(:,1)'*Rz*us3(:,1);
    zs3(:,i) = Az(:,:,i-1)*zs3(:,i-1) + Bz(:,:,i-1)*us3(:,i-1);
  
figure (1) 
plot(xs1(1,:),'b-'); 
hold on; 
plot(xs1(2,:),'r-.'); 
plot(xs1(3,:),'g--'); 
plot(xs1(4,:),'k:'); 
  


  
zs2(:,1) = [x_int;zeros(4,1)]; 
us2(:,1) = -K1*zs2(1:4,1); 
  
for i = 2:iter 
    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 
  
% 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); 

  
for i = 2:iter 








 
 

 



 



















 












 


 
    r3(i) = zs3(:,i)'*Qz*zs3(:,i) + us3(:,i)'*Rz*us3(:,i) + r3(i-1);
% 5.NCS with random delays and packet losses with optimal control, however,
    [P4(:,:,i),L4(:,i),K4(:,:,i)] = dare(Az(:,:,i),Bz(:,:,i),Qz,Rz);
    zs4(:,i) = Az(:,:,i-1)*zs4(:,i-1) + Bz(:,:,i-1)*us4(:,i-1);
    r4(i) = zs4(:,i)'*Qz*zs4(:,i) + us4(:,i)'*Rz*us4(:,i) + r4(i-1);
% 6. NCS with random delays and packet losses with optimal control. Here,
        Bz(:,:,i)'*P4(:,:,i)*Az(:,:,i) Rz+Bz(:,:,i)'*P4(:,:,i)*Bz(:,:,i)];
    us3(:,i) = -K3*zs3(:,i); 
end 
  
figure (3) 
plot(zs3(1,:),'b-'); 
hold on; 
plot(zs3(2,:),'r-.'); 
plot(zs3(3,:),'g--'); 
plot(zs3(4,:),'k:'); 
  
% Az, Bz are known -------Case 4 
  
for i = 1:iter 
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 
    us4(:,i) = -K4(:,:,i)*zs4(:,i); 
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--'); 
  
% 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);... 
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); 


 








 


 






 
 













 





 
% The length of h vector
    r5(i+1) = zs5(:,i+1)'*Qz*zs5(:,i+1) + us5(:,i+1)'*Rz*us5(:,i+1);
% Cacluate the 
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));
e_1(3,:) = r5(1:length) + h_temp*(delta_w(:,1:length)+noise)-h_temp*noise; 
        zs5(:,i+j) = Az(:,:,i+j-1)*zs5(:,i+j-1) + Bz(:,:,i+j-1)*us5(:,i+j-1);
  
length = size_aug*(size_aug + 1)/2;   
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); 
    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);  
error vector 
  
% Update the h matrix 
  
h_1(:,2) = ((alpha1*e_1(1,:) - 


h_temp = h_vector(H_desired(:,:,3)); 
  
e_1(2,:) = r5(1:length) + h_1(:,2)'*delta_w(:,1:length);  
%  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 
        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); 
 
 
