// Monte Carlo chapter 1

////////////////////////////////////////////////////////////////////////////

////////////////////////////////////////////////////////////////////////////

// First example function exp(beta*G)

// Crude Monte Carlo

////////////////////////////////////////////////////////////////////////////

////////////////////////////////////////////////////////////////////////////

n=10^5;    // sample size

beta=5;

E=exp(beta^2/2);

X=exp(beta*grand(1,n,'nor',0,1));

// Compute the estimation of E by the empirical mean

E_est=???;

// Compute the empirical variance associated

Var=???;

alpha=0.05;

t=cdfnor('X',0,1,1-alpha/2,alpha/2);

// Compute the CI associated

CI=???;

////////////////////////////////////////////////////////////////////////////

////////////////////////////////////////////////////////////////////////////

// Second example : exp function

////////////////////////////////////////////////////////////////////////////

////////////////////////////////////////////////////////////////////////////

n=10^2;    // sample size

E=exp(1)-1;

alpha=0.05;

t=cdfnor('X',0,1,1-alpha/2,alpha/2);

/////////////////////////////////////

// Crude estimation

X=exp(grand(1,n,'def'));

// Compute the estimation of E by the empirical mean

E_est=???;

// Compute the empirical variance associated

Var=???;

// Compute the CI associated

CI=???;

/////////////////////////////////////

// Control variables estimation

Z=grand(1,n,'def');

ZZ=exp(Z)-1-Z;

// Compute the estimation of E by the empirical mean

E_est_2=???;

// Compute the empirical variance associated

Var_2=???;

// Compute the CI associated

CI_2=???;

/////////////////////////////////////

// Antithetic variables estimation

T=grand(1,n,'def');

TT=(exp(T)+exp(1-T))/2;

// Compute the estimation of E by the empirical mean

E_est_3=???;

// Compute the empirical variance associated

Var_3=???;

// Compute the CI associated

CI_3=???;

////////////////////////////////////////////////////////////////////////////

////////////////////////////////////////////////////////////////////////////

// Third example - In finance

////////////////////////////////////////////////////////////////////////////

////////////////////////////////////////////////////////////////////////////

n=[10^2,10^3,10^4,10^5];    // sample size

l=length(n);

beta=1;

K=1;

C=exp(beta^2/2)*cdfnor("PQ",beta-log(K)/beta,0,1)-K*cdfnor("PQ",-log(K)/beta,0,1);

alpha=0.05;

t=cdfnor('X',0,1,1-alpha/2,alpha/2);

for i=1:l,

    X=zeros(1,n(i));

    X=max(exp(beta*grand(1,n(i),'nor',0,1))-K,0);

    C_est(i)=mean(X);

    Var_C=1/(n(i)-1)*sum((X-C_est(i)).^2);

    CI_Cinf(i)=C_est(i)-t*sqrt(Var_C/n(i));

    CI_Csup(i)=C_est(i)+t*sqrt(Var_C/n(i));

end

////////////////////////////////////////////////////////////////////////////

P=K*cdfnor("PQ",log(K)/beta,0,1)-exp(beta^2/2)*cdfnor("PQ",log(K)/beta-beta,0,1);

for i=1:l,

    Y=zeros(1,n(i));

    Y=max(K-exp(beta*grand(1,n(i),'nor',0,1)),0);

    P_est(i)=mean(Y);

    Var_P=1/(n(i)-1)*sum((Y-P_est(i)).^2);

    CI_Pinf(i)=P_est(i)-t*sqrt(Var_P/n(i));

    CI_Psup(i)=P_est(i)+t*sqrt(Var_P/n(i));

end

////////////////////////////////////////////////////////////////////////////

// Second estimation of C by control variables and ¨P

C_est_2=P_est+exp(beta^2/2)-K;

CI_Cinf_2=CI_Pinf+exp(beta^2/2)-K;

CI_Csup_2=CI_Psup+exp(beta^2/2)-K;

////////////////////////////////////////////////////////////////////////////

// Second estimation of P with IS

for i=1:l,

    Z=zeros(1,n(i));

    Z=grand(1,n(i),'exp',2);

    ZZ=(max(1-exp(beta*sqrt(Z)),0)+max(1-exp(-beta*sqrt(Z)),0))/sqrt(2*%pi*Z);

    P_est_2(i)=mean(ZZ);

    Var_P_2=1/(n(i)-1)*sum((ZZ-P_est_2(i)).^2);

    CI_Pinf_2(i)=P_est_2(i)-t*sqrt(Var_P_2/n(i));

    CI_Psup_2(i)=P_est_2(i)+t*sqrt(Var_P_2/n(i));

end

////////////////////////////////////////////////////////////////////////////

// Third estimation of P with antithetic variables

for i=1:l,

    T=zeros(1,n(i));

    T=grand(1,n(i),'nor',0,1);

    U=max((exp(beta*T)-K),0);

    S=max((exp(beta*(-T))-K),0);

    P_est_3(i)=mean(U+S)/2;

    Var_P_3=1/(n(i)-1)*sum(((U+S)/2-P_est_3(i)).^2);

    CI_Pinf_3(i)=P_est_3(i)-t*sqrt(Var_P_3/n(i));

    CI_Psup_3(i)=P_est_3(i)+t*sqrt(Var_P_3/n(i));

end

