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% initialize--------ccccccccmrmm e e e o e

syms x y lambda mu tau eta xi s t;

syms a b ¢ k g epsilon alpha positive;

N=101;

h=1/(N-1);

n=5;

q=inf;

epsilon=1;

A=c+b"2;

g=0;

f=b"3*sinh(b* (x-y));

GO0=-(1/(4*epsilon)) *int (subs (A, t,tau/2) ,tau,eta,xi)-...
(1/(2*epsilon) ) *int (exp (q* (tau-eta) ) * (subs (A, t, tau/2)+2*subs (g, x, tau)),tau,0,eta)-...
(1/(4*epsilon) ) *int (int (subs (subs (£, x, (s+tau)/2),y, (s-tau) /2),tau,0,eta),s,eta, xi)-...
(1/(2*epsilon) ) *int (exp (g* (tau-eta) ) *int (subs (subs (£, x, (s+tau) /2),y, (s-tau)/2),s,0, tau),tau,0,eta)

G(1)=G0;

$calculate $n~{th}$ term of kernel------------------
for i=1l:n
G(i+1)=G0+...
(1/(2*epsilon) ) *int (exp (g* (tau-eta) ) *int (subs (A, t, (tau-s)/2)
*subs (subs (G(i) ,xi, tau) ,eta,s),s,0,tau),tau,0,eta)+...
(1/(4*epsilon) ) *int (int (subs (A, t, (tau-s) /2) *subs(subs(G(i) ,xi, tau) ,eta,s),s,0,eta),tau,eta,xi)+...
(1/(2*epsilon) ) *int (int (exp (g* ( (tau+s) /2-eta))
*subs (g, x, (tau-s) /2) *subs (subs (G(i) ,xi, tau),eta,s),tau,s,2*eta-s),s,0,eta)+...
(1/(4*epsilon) ) *int (int (int (subs (subs(f,x, (tau-s) /2),y,mu- (tau+s) /2)
*gubs (subs (G(i) ,xi, tau) ,eta,s), tau,mu,mu+eta-s),s,0,eta) ,mu,eta,xi)+...
(1/(2*epsilon) ) *int (exp (g* (mu-eta) ) *int (int (subs(subs (f, x, (tau-s) /2) ,y,mu- (tau+s) /2)
*subs (subs (G (i) ,xi, tau) ,eta,s),tau,mu,2*mu-s),s,0,mu),mu,0,eta);
end
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N2 NISHINALAAETAIANNITIADIUAN LI L TIALaY

% Initialize-----c-mcemcmmceemmccmcm e me e
uf{l,1)=0;

k(1,1)=0;

N=101;

h=1/(N-1);

epsilon=1;

c=10;

b=1;

d=0.1;

DN=0;

% Boundary conditiong------------------c-------
for i=1:N+1

ki(i,1)=0;

k(i,i)=-(c+b™2)*h*(i-1)/2;

k(i,i+1l)=0;
end

%calculate the kernel----=-=--=-=-=<sccco=soc-o-r=-~
for m=1:((N-1)/2)
for n=2: (N-2*m+1)
k(n+2*m-1,n)=(k(n+2*m-1,n+1) +k(n+2*m-1,n-1))/2;
£=0;
% integral term------=--c-cecaocoosoon
for 1=1:m
f=f+(k(n+2*m-1,n+1) *sinh(b* (1)*h)+k(n+2*m-1,n+1-1) *sinh(b*(1-1) *h));
end
k(n+2*m,n)=-k(n+2*m-2,n) +k(n+2*m-1,n+1) +k (n+2*m-1,n-1) ...
+(c+b~2) *h 2+ (k (n+2*m-1,n+1) +k(n+2*m-1,n-1))/2-b"3*h"2*sinh (b* (2*m-1) *h) +b"3*h"3+£/2;
end
end
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% Initialize-----cc-cccccscccsccm s
N=101;
h=1/(N-1];
epsilon=1;
c=10;

b=1;

d=0.1;

DN=0;
mu=0.001;
a=1;
Cl=zeros(N);
C2=zeros (N);
C3=zeros (N) ;
C4=zeros (N) ;

fmatrix C --===-ccecmcm e m e e e acm e s o
for i=1:N

Cl{i,i+l)=-1;

Cl(i,i)=2;

Cl(i+l,i)=-1;

C2(i,i+1)=-h/2;
C2(i+l1,i)=h/2;

C3(i,i+1)=a*h/2;
C3(i+1,i)=-a*h/2;

C4({i,i+1l)=-epsilon;
C4(i,i)=2*epsilon-a*h"2;
C4(i+1,i)=-epsilon;

end

AMALYiX D ~--ccecccccnccccccctca s e m e mm—————
for i=1:N

D(i)=(-(({i-1)*h) "2+ (i-1)+*h)*10;
end

% Boundary conditions---======sscc=ceccamoooooo
C1(1,1)=0;
C1(N,N)=0;
c2(1,1)=0;
C2 (N,N)=0;
C3{1,1)=0;
C3(N,N)=0;
C4(1,1)=0;
C4 (N,N)=0;

iAC=[-(1/(epsilon*h~2) ) *C1(1:N,1:N) -(1/(epsilon*h”2))*C2(1:N,1:N);
-(1/ (mu*epsilon*h”2))*C3(1:N,1:N) -(1/(mu*epsilon*h~2))*C4(1:N,1:N)];
iAB=d*iAC;

AMALLIN G ~=-~=-rmm=emerececcerracssan e
G=[zeros (2*N) eye (2*N) ; iAC iAB];

GO=transpose ( [D zeros(1,3*N)]);

% zakian $I_{MN}$ recursion--------=-ccecmcaan-



[alpha,K,c] = imncoefl (3,4) ;
tf=8; % final time

ts = 0.05; % step time
u=G0;

t=0:ts:tf;

Kl = K(1);
K2 = K(2) ;

al = alpha(1)/ts ;
a2 = alpha(2)/ts ;
II = eye(4*N) ;
CKl=inv(al+*II - G);
CK2=inv(a2+*II - G);

for i = 2:1length(t),

X1 =CKl*u(:,i-1) ;

X2 = CK2 *u(:,i-1) ;

u(:,i) = 2/ts*real ( K1*X1 + K2*X2 ) ;
end
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Y Initialize-r--——-—rtedadmmte e ey e e
cB=zerocs (N) ;
cC=zeros (N} ;

% tridiagonal matrix C-=====---r--cmcoccnnnn-n-
for i=1:N
ceC(i,i+l)=-1;
eC(i,i)=2-b"2*h"2;
cC(i+1,i)=-1-b"3*h"3*sinh(b*h);
end
L o o B P
for m=4:N
for n=0:N-m
cC(m+n, 2+n)=-b"3*h"3*sinh((m-2) *b*h) ;
end
end

for 1=3:N
cC(1l,1)=-b"3*h"3*sinh((1-1) *b*h) /2;
end

cC(2,1)=cC(2,1)+b"3*h"3*sinh(b*h) /2;

$MALYIX B ~===m===m-cmcmccccccscesem e — -
cB=d*cC;

EMALYIX D =-=-emmmmmmm e e e e e
for i=1:N

cD(i)=(-((i-1)*h) "2+ (i-1)*h)*10;
end

fmatrix G ~=-=rememcrcccem e e e e
cG=[zeros (N) eye(N);-(1/(epsilon*h”2))*cC(1:N,1:N) -(1/(epsilon*h"2))*cB(1:N,1:N)];
cGO=transpose ( [cD zeros(1,N)]);

% zakian $I_{MN}$ recursion----=-=-==c-c-co-co-
II = eye(2*N) ;

CKl=inv(al*II - cG);

CK2=inv(a2+*II - cG);

for i = 2:1ength(t),

X1l =CKl *u(:,i-1) ;

X2 =CK2 * u(:,i-1) ;

uf:,i) = 2/ts*real ( K1*X1 + K2*X2 ) ;
end
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n.s N33R IULUHAABUAUDIVDIITUUINIULG

% Initialize-----------c--cc-mccccmmcmmr e m e
A=epsilon*h”2*eye (N-2);
C=zeros (N-2) ;

% tridiagonal matrix C----====-==--------------
for i=1:N-2
Cli,i+l)=-1;
C{i,i)=2-b"2*h"2;
C{i+1,i)=-1-b"3*h"3*sinh(b*h);
end

tMALYix L =-=-=--=------ccccccssemmmmmmmm—————a
for m=3:N-2
for n=0:N-m-2
C(m+n,1+n)=-b~3*h~3*sinh((m-1) *b*h) ;
end
end

FMAtrix J -----=-====-ccceccccmmmsmmmm—m e e
for i=1:N-2

C(N-2,i)=C(N-2,i)-h*k(N,i+1) /(1-h*k(N,N) /2);
end
B=d*C;

LT o o o T e b
for i=1:N-2

D(i)=(-(i*h) "2+i*h) *1;
end

FMALLiX G ----==--cccccscmmmmmmmeccs e cscssme s
G=[zeros (N-2) eye(N-2);-(1/(epsilon*h”2))*C(1:N-2,1:N-2) -(1/(epsilon*h”2))*B(1:N-2,1:N-2)];
GO=transpose ( [D zeros(1,N-2)]);

% zakian $I_{MN}$ recursion----=----=----------
[alpha,K,c] = imncoefl(3,4) ;

tf=10; % final time

ts = 0.05; % step time

u=0G0;

t=0:ts:tf;

Kl = K(1);
K2 = K(2);

al = alpha(l) /ts ;
a2 = alpha(2)/ts ;
II = eye(2*(N-2)) ;
CKl=inv(al*II - G);
CK2=inv(a2+*II - G);

for i = 2:1ength(t),
X1 =CKl*u(:,i-1) ;
X2 = CK2 *u(:,i-1) ;
u(:,i) = 2/ts*real ( K1*X1 + K2+*X2 ) ;
un(i)=(h*k(N,2:N-1)*u(1:N-2,1i))/(1-h*k(N,N) /2); % control signal
Ebc(i)=norm(u(:,i)); % ||u||_2

end
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