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Antithetic Variates
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new; cls;
n=5000;
fn h(X)=x"2;

/* regular simulation */
mu=2;

X=mu+rndn(2*n,1);
theta=h(X);

print "mean=" meanc(theta);

print " var=" vcx(theta);



/* antithetic variates */

X1=X[1:n]; /* Use the same random numbers. */
X2=2*mu-X1; /* This means that 2-rndn(n,1).

theta=(h(X1)+h(X2))/2;
print "Antithetic Variates:";
print "mean=" meanc(theta);

print " var=" vcx(theta);

mean= 49416678

var= 17.793733
Antithetic Variates:
mean= 5.0073890

var= 1.9354647

1,2,3,...

new; cls;
n=1000;
fn h(X)=x"2;

/* regular simulation */
mu=2;
X=mu+rndn(n,1);
thetal=h(X);

[* antithetic variates */

5000



X1=X;

X2=2*mu-X1;
theta2=(h(X1)+h(X2))/2;
[* graph */

library pgraph;
graphset;

ns=sega(1,1, n);
xlabel("n");
ylabel("mean of theta");
_plegctl={2 7 4.5 1};
_plegstr="regular simulation¥000antithetic variates¥000theoretical value";

xy(ns,cumsumc(thetal)./ns~cumsumc(theta2)./ns~(mu”2+1)*ones(n,1));
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new; cls;
n=1000;
lambda=5;
fn Finv(x)=-1/lambda*In(1-x); /* exponential distribution */

/* regular simulation */
U=rndu(n,1);

thetal=Finv(U);

[* antithetic variates */
theta2=(Finv(U)+Finv(1-U))/2;
/* graph */

library pgraph;

graphset;

ns=sega(1,1,n);

xlabel("n");

ylabel("mean of theta");
_plegctl={2 7 4.5 1};
_plegstr="regular simulation¥000antithetic variates¥000theoretical value";

xy(ns,cumsumc(thetal)./ns~cumsumc(theta2)./ns~(1/lambda)*ones(n,1));
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new; cls;
S0=100; mu=0.10; sig=0.40; T=1; times=10000;
call gbrantit(S0,mu,sig, T,times);

proc gbrantit(SO,mu,sig, T,times);
local €,ST,ST1,ST2,STa;
/* regular simulation */
e=rndn(times,1);
ST=exp((mu-(sig™2)/2)*T+sig*e*sqrt(T))*S0;
[* antithetic variates */
ST1=exp((mu-(sig"2)/2)*T+sig*e*sqrt(T))*S0;
ST2=exp((mu-(sig"2)/2)*T+sig*(-e)*sqrt(T))*S0;
STa=(ST1+ST2)/2;
[* statistics */
print "regular simulation:";
print" E(ST)=" meanc(ST);
print "Var(ST)=" vcx(ST);
print;
print "antithetic variates:";
print" E(ST)=" meanc(STa);
print "Var(ST)=" vcx(STa);
retp( meanc(STa) );
endp;

regular simulation:
E(ST)= 110.84523
Var(ST)= 2112.6502

antithetic variates:
E(ST)= 110.44698
Var(ST)= 152.37986

times

exponential

sig*sqrt(T)

(mu-(sig"2)/2)*T



new; cls;
S0=100; mu=0.10; sig=0.40; T=1; times=10000;
call gbrantit(S0,mu,sig, T,times);

proc gbrantit(SO,mu,sig, T,times);
local €,ST,ST1,ST2,STa,X;

/* regular simulation */
e=rndn(times,1);
X=(mu-(sig™2)/2)*T+sig*sqrt(T)*e;
ST=exp(X)*S0;

[* antithetic variates */
ST1=exp(X)*S0;
X=2*(mu-(sig™2)/2)*T-X;
ST2=exp(X)*S0;
STa=(ST1+ST2)/2;

[* statistics */
print "regular simulation:";
print" E(ST)=" meanc(ST);
print "Var(ST)=" vcx(ST);
print;
print "antithetic variates:";
print" E(ST)=" meanc(STa);
print "Var(ST)=" vcx(STa);
retp( meanc(STa) );

endp;
N(0,1)
S( 1) exponential
(mu-(sig"2)/2)*T sig*sqrt(T)
* H S( 7)*
e S(C 1) SC o)* /
times times

eav



antithetic variates pair

A 252 1/252

InS(t,.,) - InS(t, ) =vAt + e (t, )V At
S(t,.a) = e S(e,)

0 S( o) S( ) S( k) SC W

new; cls;
S0=100; mu=0.10; sig=0.40; delt=1/252; n=252;
call gbravpair(S0,mu,sig,delt,n);

proc gbravpair(S0,mu,sig,delt,n);
local e,i,e,S1,S2;
[* antithetic variates pair */
S1=S0]zeros(n,1);
S2=S0] zeros(n,1);
e=rndn(n,1);
i=1;
do while i<=n;
S1[i+1]=exp((mu-(sig™2)/2)*delt+sig*e[i]*sqrt(delt))*S1[i];
S2[i+1]=exp((mu-(sig"2)/2)*delt+sig*(-e[i])*sqrt(delt))*S2[i];
i=i+1;
endo;
[* graph */
library pgraph;
graphset;
xy(seqa(0,1,n+1),S1~S2);
retp(S1~S2);
endp;
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times

new; cls;
S0=100; mu=0.10; sig=0.40; delt=1/252; n=252; times=10000;
call gbrantit(S0,mu,sig,delt,n,times);

proc gbrantit(SO,mu,sig,delt,n,times);
local e,S,ST,i,j,e,51,52,STa;
[* regular simulation */
ST=zeros(times,1);
=1
do while j<=times;
S=S0] zeros(n,1);
e=rndn(n,1);
i=1;
do while i<=n;
S[i+1]=exp((mu-(sig"2)/2)*delt+sig*e[i]*sqrt(delt))*S[i];

i=i+1;



endo;
ST[j]=S[n+1];
=i+,
endo;
[* antithetic variates */
STa=zeros(times,1);
=L
do while j<=times;
S1=S0] zeros(n,1);
S2=S0] zeros(n,1);
e=rndn(n,1);
i=1;
do while i<=n;
S1[i+1]=exp((mu-(sig"2)/2)*delt+sig*e[i]*sqrt(delt))*S1[i];
S2[i+1]=exp((mu-(sig™2)/2)*delt+sig*(-e[i])*sqrt(delt))*S2Ji];
i=i+1;
endo;
STa[j]=(S1[n+1]+S2[n+1])/2;
=i+,
endo;
[* statistics */
print "regular simulation:";
print" E(ST)=" meanc(ST);
print "Var(ST)=" vcx(ST);
print;
print "antithetic variates:";
print" E(ST)=" meanc(STa);
print "Var(ST)=" vcx(STa);
retp( meanc(STa) );
endp;

regular simulation:
E(ST)= 111.18457
Var(ST)= 2102.8086



antithetic variates:

E(ST)= 110.44332
Var(ST)= 157.21711
antithetic variates
new; cls;

S0=100; mu=0.10; sig=0.40; delt=1/252; n=252; times=10000;
call gbrantit(S0,mu,sig,delt,n,times);

proc gbrantit(SO,mu,sig,delt,n,times);
local e,S,ST,i,j,e,51,52,STa, X, Xhat;
/* regular simulation */
ST=zeros(times,1);
=1
do while j<=times;
S=S0] zeros(n,1);
e=rndn(n,l);
X=(mu-(sig”™2)/2)*delt+sig*sqrt(delt)*e;
i=1;
do while i<=n;
S[i+1]=exp(X[i])*S[i];
i=i+1;
endo;
ST[j]=S[n+1];
=i+,
endo;
[* antithetic variates */
STa=zeros(times,1);
=1
do while j<=times;
S1=S0] zeros(n,1);
S2=S0] zeros(n,1);

e=rndn(n,l);



X=(mu-(sig”™2)/2)*delt+sig*sqrt(delt)*e;
Xhat=2*(mu-(sig”2)/2)*delt-X;
i=1;
do while i<=n;
S1[i+1]=exp(X[i])*S1[i];
S2[i+1]=exp(Xhat[i])*S2[i];
i=i+1;
endo;
STa[j]=(S1[n+1]+S2[n+1])/2;
=i+,
endo;
[* statistics */
print "regular simulation:";
print" E(ST)=" meanc(ST);
print "Var(ST)=" vcx(ST);
print;
print "antithetic variates:";
print" E(ST)=" meanc(STa);
print "Var(ST)=" vcx(STa);
retp( meanc(STa) );
endp;

Asian Options

antithetic variates

new; cls;
S0=30; mu=0.10; sig=0.2; K=27; n=100; delt=1/252; times=10000;

call asian(S0,mu,sig,K,delt,n,times);

proc asian(S0,mu,sig,K,delt,n,times);



local VY,Ya,Y1,Y2,i,j,X,Xhat,S1,S2,e;
Y=zeros(times,1); Ya=zeros(times,1);
=1
do while j<=times;
S1=S0]zeros(n,1); S2=S0]zeros(n,1);
e=rndn(n,1);
X=(mu-(sig”™2)/2)*delt+sig*sqrt(delt)*e;
Xhat=2*(mu-(sig”2)/2)*delt-X;
i=1;
do while i<=n;
S1[i+1]=exp(X[i])*S1[i];
S2[i+1]=exp(Xhat[i])*S2[i];

i=i+1;
endo;
Y 1l=exp(-mu*n*delt)*maxc(0 | sumc(S1[2:n+1])/n-K); /* present value */
Y2=exp(-mu*n*delt)*maxc(0 | sumc(S2[2:n+1])/n-K); /* present value */
Y[i1=Y1; Ya[jl=(Y1+Y2)/2; /* plug them in at last */
=i+,
endo;

[* statistics */
print "Asian Option";
print "regular simulation:";
print "E[Y]=" meanc(Y);
print "Var[Y]:" vex(Y);
print;
print "antithetic variates:";
print "E[Y]=" meanc(Ya);
print "Var[Y]:" vex(Ya);
retp( meanc(Ya) );

endp;

Asian Option

regular simulation:
E[Y]= 3.5002525
Var[Y]: 4.3607840



antithetic variates:

E[Y]= 3.5018587
Var[Y]: 0.072277474
exponential
X  Xhat
e=rndn(n,1);
i=1;

do while i<=n;
S1[i+1]=exp((mu-(sig"2)/2)*delt+sig*sqrt(delt)*e[i])*S1[i];
S2[i+1]=exp((mu-(sig"2)/2)*delt+sig*sqrt(delt)*(-e[i]))*S2]i];
i=i+1;
endo;
exponential

Y =e*™ max(o, S(n) - z&j

n
i-1 N

Y1l Y2

Y 1=exp(-mu*n*delt)*maxc(0 ] S1[n+1]-sumc(S1[2:n+1])/n);
Y2=exp(-mu*n*delt)*maxc(0 ] S2[n+1]-sumc(S2[2:n+1])/n);



