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Control Variate estimator
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Vi o 0.20

exp( )

Control Variate

V] o 0.20
exponential

new; cls;
mu=5;

sig=0.20;
p=10000;
n=10000;

times=1000;

ml=zeros(times,1);

m2=zeros(times,1);

i=1;

do while i<=times;
m1[i]J=LOGNORMcv(mu,sig,p,n);
m2[i]l=meanc(exp(mu+sig*rndn(n,1)));
i=i+1;

endo;

print "THETAcv=" LOGNORMcv(mu,sig,p,n);

print/rd "Var of THETAcv=" vcx(m1l);

print/rd "Var of E(Y) =" vcx(m2);

exp( )

C*

Control Variate



library pgraph;
graphset;
xy(seqa(1,1,times),m1~m2);

proc LOGNORMcv(mu,sig,p,n);

local Z,VarZ,EZ,Y,cstar,X, THETAcv;
I* First, get c*. */

Z=mu-+sig*rndn(p,1);

VarZ=sig"2;

EZ=mu;

Y=exp(2);

cstar=-1/(p-1)*((Y-meanc(Y))'(Z-meanc(2)))/VarZ,
/* Then, simulate (Y,Z) again. */

Z=mu-+sig*rndn(n,1);

Y=exp(2);

X=Y+cstar*(Z-EZ);

THETAcv=meanc(X);

retp(THETAcvV);
endp;
THETAcv= 151.41817
Var of THETAcv= 0.00194822
Var of E(Y) = 0.09580495
* 150 print cstar; 1 procedure
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F(X)=1- exp(- A X) A

new; cls;
lambda=2;
p=10000;
n=10000;

times=1000;

ml=zeros(times,1);

m2=zeros(times,1);

i=1;

do while i<=times;
m1[i]J=EXPONcv(lambda,p,n);
m2[i]J=meanc(-In(1-rndu(n,1))/lambda);
i=i+1;

endo;

print "THETAcv=" EXPONCcv(lambda,p,n);

print/rd "Var of THETAcv=" vcx(m1l);

print/rd "Var of E(Y) =" vcx(m2);

library pgraph;

graphset;

xy(seqa(1,1,times),m1l~m2);

proc EXPONcv(lambda,p,n);

local Z,VarZ,EZ,Y,cstar,X, THETAcv;
I* First, get c*. */

Z=rndu(p,1);

VarZ=1/12;

EZ=1/2;

Control Variate

0



Y=-In(1-Z)/lambda;

cstar=-1/(p-1)*((Y-meanc(Y))'(Z-meanc(2)))/VarZ,

/* Then, simulate (Y,Z) again. */
Z=rndu(n,1);
Y=-In(1-Z)/lambda;
X=Y+cstar*(Z-EZ);
THETAcv=meanc(X);

retp(THETAcvV);
endp;
THETAcv= 0.49958576
Var of THETAcv= 0.00000642
Var of E(Y) = 0.00002618
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Cov(Y,2) Var(Z)
3 Cov(Y,2)

c* = V—(Z) Var(Z)=1/12
ar

@ 172 c*
X =Y +c*(Z-E(2))
0

cv

times=1000;

ml=zeros(times,1);

m2=zeros(times,1);

i=1;

do while i<=times;
m1[i]=Scv(SO0,r,sig,T,p,n);
m2[i]l=meanc( exp(In(S0)+(r-sig"2/2)*T+sig*rndn(n,1)*sqrt(T)) );
i=i+1;

endo;

print "THETAcv=" Scv(S0,r,sig,T,p,n);

print/rd "Var of THETAcv=" vcx(m1l);



print/rd "Var of E(Y) =" vcx(m2);
library pgraph;

graphset;
xy(seqa(1,1,times),m1l~m2);

proc Scv(S0,r,sig, T,p,n);
local Z,VarZ,EZ,Y,cstar,X, THETAcv;
I* First, get c*. */
Z=rndn(p,1);
VarZ=1;
EZ=0;
Y=exp(In(S0)+(r-sigN2/2)*T+sig*Z*sqrt(T));
cstar=-1/(p-1)*((Y-meanc(Y))'(Z-meanc(2)))/VarZ,
/* Then, simulate (Y,Z) again. */
Z=rndn(n,1);
Y=exp(In(S0)+(r-sig"2/2)*T+sig*Z*sqrt(T));
X=Y+cstar*(Z-EZ);
THETAcv=meanc(X);

retp(THETAcvV);
endp;
THETAcv= 105.11849
Var of THETAcv= 0.00028500

Var of E(Y) = 0.02367561
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Truncate

Control Variate

times=1000;

ml=zeros(times,1);

m2=zeros(times,1);

i=1;

do while i<=times;
m1[i]=Ccv(SO,K,r,sig,T,p,n);
S=exp(In(S0)+(r-sig™2/2)*T+sig*rndn(n,1)*sqrt(T));
m2[i]J=meanc( exp(-r*T)*callopt(S,K) );
i=i+1;

endo;

print "THETAcv=" Ccv(SO0,K,r,sig,T,p,n);

print/rd "Var of THETAcv=" vcx(m1l);

print/rd "Var of E(Y) =" vcx(m2);

library pgraph;

graphset;

xy(seqa(1,1,times),m1~m2);



proc Ccv(S0,K,r,sig,T,p,n);
local Z,VarZ,EZ,Y,cstar,X, THETAcv;

[* First, get c*. */
Z=exp(In(S0)+(r-sig"2/2)*T+sig*rndn(p,1)*sqrt(T));
VarZ=S0"2*exp(r*T)"2*(exp(sig™2*T)-1);
EZ=S0*exp(r*T);

Y=exp(-r*T)*callopt(Z,K);
cstar=-1/(p-1)*((Y-meanc(Y))'(Z-meanc(2)))/VarZ,

/* Then, simulate (Y,Z) again. */
Z=exp(In(S0)+(r-sig"2/2)*T+sig*rndn(p,1)*sqrt(T));
Y=exp(-r*T)*callopt(Z,K);

X=Y+cstar*(Z-EZ);

THETAcv=meanc(X);

retp(THETAcvV);
endp;

proc callopt(S,K);
local i,C;
C=zeros(rows(S),1);
i=1;
do while i<=rows(S);
C[i]=maxc(S[i]-K ] 0);

i=i+1;
endo;
retp(C);
endp;
THETAcv= 8.6155688
Var of THETAcv= 0.00174290

Var of E(Y) = 0.01223894
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0, =Y+(E(Z)-2)
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=Nar(Y)-2p,Var(Y)
=Nar(Y)1-p,) if Var (Y) =Var(2)
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new; cls;
n=5;
S0=50;
K=50;
r=0.10;

Var(@,,) =Var(Y) +Var(Z) — 2Cov(Y, Z)

c° © c c
T TTh ey T ee)
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o2n
procedure
A= A (8 %)

sig=0.40;

T=5/12;

call ameputcv(n,SO,K,r,sig,T);

proc ameputcv(n,SO,K,r,sig, T);
local fAs,fBs,fB,fA;

screen off;

fAs=americanputhigher(n,S0,K,r,sig,T);

fBs=europuthigher(n,S0,K,r,sig, T);
fB=P(S0,K,r,sig,T);
fA=fAs-fBs+fB;

screen on;
print "fA*=" fAs;
print "fB*=" fBs;

print

"fB =" B;

cstar=

1



print "fA(American Put Price)=" fA;
print;
retp(fA);

endp;

proc europuthigher(n,S0,K,r,sig,T);
local delt,u,d,a,p,ma,mb,i,j;
delt=T/n;
u=exp(sig*sqgrt(delt));
d=exp(-sig*sqrt(delt));
a=exp(r*delt);
p=(a-d)/(u-d);
print "== European Put Option on non-dividend-paying stock ==";
print "delt=" delt delt*365 "days";

print "u="u;
print "d="d;
print "a=" a;
print "p="p;
print;

/* Last column */
ma=miss(zeros(2*n+1,1),0);
mb=miss(zeros(2*n+1,1),0);
j=n+1;
i=1;
do while i<=2*j-1;
mb[n+1-j+i]=maxc(K-S0*u”(j-1-(i-1)/2)*d™((i-1)/2) ] 0);
i=i+2;
endo;
/* Backward by 2 column vectors */
i=n;
do while j>=1;
i=1;
do while i<=2%j-1;
ma[n+1-j+i]=exp(-r*delt)*(p*mb[n+1-j+i-1]+(1-p)*mb[n+1-j+i+1]);
i=i+2;

endo;



mb=ma;
=11
endo;
print/lz "f=" ma[n+1];
print;
retp(ma[n+1]);
endp;

proc americanputhigher(n,S0,K,r,sig,T);
local delt,u,d,a,p,ma,mb,i,j;
delt=T/n;
u=exp(sig*sqgrt(delt));
d=exp(-sig*sqrt(delt));
a=exp(r*delt);
p=(a-d)/(u-d);
print "== American Put Option on non-dividend-paying stock ==";
print "delt=" delt delt*365 "days";

print "u="u;
print "d="d;
print "a=" a,
print "p="p;
print;

/* Last column */
ma=miss(zeros(2*n+1,1),0);
mb=miss(zeros(2*n+1,1),0);
j=n+1;
i=1;
do while i<=2*j-1;

mb[n+1-j+i]=maxc(K-S0*u”(j-1-(i-1)/2)*d™((i-1)/2) ] 0);
i=i+2;
endo;

/* Backward by 2 column vectors */
i=n;
do while j>=1;

i=1;
do while i<=2%j-1;



ma[n+1-j+i]=maxc(K-S0*u/(j-1-(i-1)/2)*d™((i-1)/2) | exp(-r*delt)*(p*mb[n+1-
J#i-1]+(1-p)*mb[n+1-j+i+1]));
i=i+2;
endo;
mb=ma;
=11
endo;
print/lz "f=" ma[n+1];
print;
retp(ma[n+1]);
endp;

proc P(SO,K,r,sig,T);
local d1,d2;
d1=(In(SO/K)+(r+sig™2/2)*T)./(sig*sqrt(T));
d2=(In(SO/K)+(r-sig™2/2)*T)./(sig*sqrt(T));
retp( K.*exp(-r*T)*cdfn(-d2)-S0.*cdfn(-d1) );
endp;

TA*= 4.4884585
fB*= 4.3190187
B = 4.0759810
fA(American Put Price)= 4.2454208

new; cls;
n=5;
S0=50;
K=50;
r=0.10;
sig=0.40;
T=5/12;

call amecallcv(n,S0,K,r,sig, T);



proc amecallcv(n,S0,K,r,sig,T);
local fAs,fBs,fB,fA;
screen off;
fAs=americancallhigher(n,S0,K,r,sig,T);
fBs=eurocallhigher(n,S0,K,r,sig,T);
fB=C(S0,K,r,sig,T);
fA=fAs-fBs+fB;
screen on;
print "fA*=" fAs;
print "fB*=" fBs;
print "fB =" fB;
print "fA(American Call Price)=" fA;
print;
retp(fA);

endp;

proc eurocallhigher(n,S0,K,r,sig,T);
local delt,u,d,a,p,ma,mb,i,j;
delt=T/n;
u=exp(sig*sqgrt(delt));
d=exp(-sig*sqrt(delt));
a=exp(r*delt);
p=(a-d)/(u-d);
print "== European Call Option on non-dividend-paying stock =="
print "delt=" delt delt*365 "days";

print "u="u;
print "d="d;
print "a=" a,
print "p="p;
print;

/* Last column */
ma=miss(zeros(2*n+1,1),0);
mb=miss(zeros(2*n+1,1),0);
j=n+1;
i=1;

do while i<=2*j-1;



mb[n+1-j+i]=maxc(S0*u”(j-1-(i-1)/2)*d"((i-1)/2)-K | 0);
i=i+2;
endo;
/* Backward by 2 column vectors */
j=n;
do while j>=1;
i=1;
do while i<=2%j-1;
ma[n+1-j+i]=exp(-r*delt)*(p*mb[n+1-j+i-1]+(1-p)*mb[n+1-j+i+1]);
i=i+2;
endo;
mb=ma;
=11
endo;
print/lz "f=" ma[n+1];
print;
retp(ma[n+1]);
endp;

proc americancallhigher(n,S0,K,r,sig,T);
local delt,u,d,a,p,ma,mb,i,j;
delt=T/n;
u=exp(sig*sqgrt(delt));
d=exp(-sig*sqrt(delt));
a=exp(r*delt);
p=(a-d)/(u-d);
print "== American Call Option on non-dividend-paying stock ==";
print "delt=" delt delt*365 "days";

print "u="u;
print "d="d;
print "a=" a,
print "p="p;
print;

/* Last column */
ma=miss(zeros(2*n+1,1),0);

mb=miss(zeros(2*n+1,1),0);



j=n+1;
i=1;
do while i<=2*j-1;
mb[n+1-j+i]=maxc(S0*u”(j-1-(i-1)/2)*d"((i-1)/2)-K | 0);
i=i+2;
endo;
/* Backward by 2 column vectors */
j=n;
do while j>=1;
i=1;
do while i<=2%j-1;
ma[n+1-j+i]=maxc(S0*u”(j-1-(i-1)/2)*d™((i-1)/2)-K | exp(-r*delt)*(p*mb[n+1-
J#i-1]+(1-p)*mb[n+1-j+i+1]));
i=i+2;
endo;
mb=ma;
=11
endo;
print/lz "f=" ma[n+1];
print;
retp(ma[n+1]);
endp;

proc C(S0,K,r,sig,T);
local d1,d2;
d1=(In(SO/K)+(r+sig"2/2)*T)./(sig*sqrt(T));
d2=(In(SO/K)+(r-sig"2/2)*T)./(sig*sqrt(T));
retp( SO.*cdfn(d1)-K*exp(-r*T).*cdfn(d2) );

endp;

fA*= 6.3595459
fB*= 6.3595459
fB = 6.1165081

fA(American Call Price)= 6.1165081
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