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% SDE parameters

r = 0.1;

V0 = 0.04;



a = 0.03;

b = 0.09;

rho = 0.1;

% option parameters

T = 1 ;

K = 1.0 ;

S0 = 0.9 ;

% numerical parameters for small simulation to get correlation

N = 100; % time subdivision

M = 1000; % number of simulations

h = T/N;

% random numbers

Z1 = randn(M,N);

Z2 = randn(M,N);

% initialize S and V

S = S0*ones(M,1);

V = V0*ones(M,1);

for i=1:N

V = V + a*h*(V0-V) + b*sqrt(h*V).*(rho*Z1(:,i) + sqrt(1-rho^2)*Z2(:,i)) ;

S = S.*exp( (r-V/2)*h + sqrt(h*V).*Z1(:,i) );

end

% get value of option

call_value = exp(-r*T) * (S-K).* (S>K);

% value of regular call based on same random numbers

Sfinal = S0 * exp( (r-V0/2)*T + sqrt(h*V0)*sum(Z1,2) );

reg_call_value = exp(-r*T) * (Sfinal-K).* (Sfinal>K);

% correlation of option and regular call

q=cov(call_value,reg_call_value);

c=-q(1,2)/q(2,2);

% the big simulation

M = 10000; % number of simulations

Z1 = randn(M,N);

Z2 = randn(M,N);

S = S0*ones(M,1);

V = V0*ones(M,1);



for i=1:N

V = V + a*h*(V0-V) + b*sqrt(h*V).*(rho*Z1(:,i) + sqrt(1-rho^2)*Z2(:,i)) ;

S = S.*exp( (r-V/2)*h + sqrt(h*V).*Z1(:,i) );

end

% get value of option

call_value = exp(-r*T) * (S-K).* (S>K);

% value of regular call based on same random numbers

Sfinal = S0 * exp( (r-V0/2)*T + sqrt(h*V0)*sum(Z1,2) );

reg_call_value = exp(-r*T) * (Sfinal-K).* (Sfinal>K);

% blsprice on same parameters

bls = blsprice( S0, K, r, T, sqrt(V0), 0);

% corrected option

corrected = call_value + c*(reg_call_value - bls);

% now get some results

ans1 = [ mean(call_value), std(call_value)/sqrt(M) ]

ans2 = [ mean(corrected), std(corrected)/sqrt(M) ] (a) divte`
function U = ma5a(N,M)

% solving u_t = u_{xx} + 2/x u_x 0<x<1, 0<t<1

% intial condition u(0,t)=1-x^2

% right boundary condition u(1,t)=0

% left boundary condition u_x(0,t)=0 (otherwise equation not well defined!)

% u will be a matrix of size (M+1)x(N+1) giving the solution of our problem

% on the required grid - each row is the solution at a certain time

U = zeros(M+1,N+1);

h = 1/N;

k = 1/M;

x = (0:N)/N;

% initial condition

U(1,:) = 1-x.^2;



% The Euler method:

% u_{i,j+1}=u_{i,j} + k/h^2 (u_{i+1,j}(1+1/(i-1))- 2u_{i,j} + (1-1/(i-1))u_{i-1,j})

% (need to explain why "i-1" .... we want i to go from 0 to N but in matlab

% it goes from 1 to N+1)

% This equation valid only for i from 2 to N !

% CN method:

% u_{i,j+1} - k/2h^2 ( u_{i+1,j+1}(1+1/(i-1)) - 2u_{i,j+1} + (1-1/(i-1))u_{i-1,j+1})

% = u_{i,j} + k/2h^2 ( u_{i+1,j}(1+1/(i-1)) - 2u_{i,j} + (1-1/(i-1))u_{i-1,j} )

% Again this equation valid for i from 2 to N !

% In this u_{N+1,j+1} can be ignored as it is zero

% u_{1,j+1} also does not appear as for i=2, 1-1/(i-1) = 0 !!

% But we must remember that u_{1,j+1} = (4u_{2,j+1}-u_{3,j+1})/3

d=(1+k/h^2)*ones(N-1,1); % the diagonal

u=-k/2/h^2*(1+1./(1:N-2)); % the upper diagonal

l=-k/2/h^2*(1-1./(2:N-1)); % the lower diagonal

for counter=1:M

r = (1-k/h^2)*U(counter,2:N) + k/2/h^2*( U(counter,3:(N+1)).* (1+1./(1:N-1)) ...

+ U(counter,1:(N-1)) .* (1-1./(1:N-1)) );

U(counter+1,2:N)=tridiag(d,u,l,r);

U(counter+1,1)=(4*U(counter+1,2)-U(counter+1,3))/3;

end

end


