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Help
#include "bsld_std.h"

#define AP_JU_Nmax 3

#define AP_JU_err le-7

#define AP_JU_Infinity 100.0

#define AP_JU_Neginfinity -100.0 /* AP_JU_Neginf
inity for -infinity */

#define AP_JU_h 1le-4

/*Put Whaley Exponentx*/
static double WhaleyPut_Exp(double r,double divid
,double sigma,double T)
{
double ratio
double delta

2.0 * (r-divid)/(sigma * sigma);
(ratio - 1.0);

if (r==0.)

delta=SQR(delta)+4.0%(2.0/(sigma*sigma))/T;

else
delta=SQR(delta)+4.0%*(2.0*r/(sigma*sigma))/(1
.0-exp(-r*T));

return 0.5%(1.-ratio-sqrt(delta));

static double Contact_PointPut(double r,double
divid,double sigma,
double T,double K,
double (*exponent_method) (double,double,double,double)
)

const double precision = 0.00001;

double previous;

double exponent = (*exponent_method) (r,divid,si
gma,T);

double current = K;

double put_price,put_delta;

int dummy;
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do{
previous = current;
dummy=Put_BlackScholes_73(previous,K,T,r,divid
,Sigma,
&put_price,&put_delta);
current=-exponent* (K-put_price)/((1.-exp(-div
id*T)
*Nd1 (previous,r,div
id,-sigma,T,K))-exponent) ;
Ywhile (! (fabs((previous-current)/current)<=prec
ision));

return current;

double critical_price (double r,double divid,
double sigma,
double T,double K)

double x;

r=(r!=0.7r:1e-6);

x = Contact_PointPut(r,divid,sigma,T,K,Whaley
Put_Exp) ;

return X;

/* Mathematical functions */

/*derivx */
static double deriv_x(double(*f) (doublex),double
*xtab)

double tmpl;

tab[0]+=AP_JU_h;
tmpl=(*f) (tab);
tab[0]-=AP_JU_h;
return (tmpl-(*f) (tab))/AP_JU_h;
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/*derivyx*/
static double deriv_y(double(*f) (double *),
double *tab)
{
double tmpl;

tab[1]+=AP_JU_h;
tmpl=(*f) (tab);
tab[1]-=AP_JU_h;
return (tmpl-(*f) (tab))/AP_JU_h;

/*function dix/
static double ap_ju_dil(double x, double y,
double t,double r,double divid,double sigma)
{
if (£!=0.)
{
return (log(x/y)+(r-divid)*t)/(sigma*sqrt(
t))+sigmaxsqrt(t)/2.;

+
else
{
if (x==y)
{
return O.;
}
else if ( x>y )
{
return AP_JU_Infinity;
/* we take 100 for AP_JU_Infinity becau
se N(100)=1=N(AP_JU_Infinity)x*/
}
else
{
return AP_JU_Neginfinity;
/* we take -100 for AP_JU_Neginfinity
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}

by

because N(-100)=0=N(-AP_JU_Infinity)x*/
b

/* function I */
static double ap_ju_I(double t1, double t2,

double x, double y, double z, double Phi, double Nu,
double r, double divid, double sigma)

{
double zl1 = (r-divid-z+0.5%Phi*sigma*sigma)/si
gma;
double z2 = log(x/y)/sigma;
double z3 = sqrt(zl*zl1+2.*Nu);

double res;
double sqrttl,sqrtt2;

sqrttl=sqrt(tl);
sqrtt2=sqrt(t2);

if (t1'= 0.)

{

el

/* case tl1 different of 0%/

res = exp(-Nuxtl)*N(zl*sqrtti+z2/sqrttl)-

exp (-Nuxt2) *N(z1*sqrtt2+z2/sqrtt2)+0.5%(z1/2z3+1) *
exp (z2%(z3-21) ) * (N(z3*sqrtt2+z2/sqrtt2) -N(z3*sqrt
t1+22/sqrttl) ) +0.5%(z1/23-1) xexp (-z2* (z3+z1) ) * (N (
z3%sqrtt2-z2/sqrtt2) -N(z3*sqrttl-z2/sqrttl));
else

if ( x==y )
{
/* case x=y ( i.e. z2=0 ) and t1=0 */
res = 0.5-exp(-Nuxt2)*N(zlxsqrtt2)+0.5%
(z1/23+1)* (N(z3*sqrtt2)-0.5)+0.5%(z1/2z3-1) * (N(z3
*sqrtt2)-0.5);
}
else if (x >y )
{
/* case x>y ( i.e. z2>0 ) and t1=0%/
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by

res = 1-exp(-Nuxt2)*N(zl*sqrtt2+z2/sq
rtt2)+0.5%(z1/2z3+1) *exp(z2*(23-2z1) ) * (N(z3* sqrtt2
+22/sqrtt2)-1)+0.5%(z1/23-1) xexp (-z2* (z3+z1) ) *N(
z3% sqrtt2-z2/ sqrtt2);
}
else
{

/* case x<y ( i.e. z2<0 ) and t1=0%/

res = —exp(-Nuxt2)*N(zl*sqrtt2+z2/ sq
rtt2)+0.5%(21/23+1) *exp(z2* (23-21) ) *N(23* sqrtt2+
z2/ sqrtt2)+0.5%(z1/2z3-1)*exp(-z2%(z3+z1) ) *(N(z3
* sqrtt2-z2/sqrtt2)-1);
}

/*printf ("%f %f{n",res,zl);*/
return res;

}

/* function ISx*/
static double ap_ju_IS(double t1, double t2,

double x, double y, double z, double Phi, double Nu,
double r, double divid, double sigma)

{
double zl1 = (r-divid-z+0.5*Phi*sigma*sigma)/si
gma;
double z2 = log(x/y)/sigma;
double z3 = sqrt(zl*z1+2.*Nu);

double res;
double sqrttl,sqrtt2;

sqrttl=sqrt(tl);
sqrtt2=sqrt(t2);

if (t1!'= 0.)

{

/* case tl different of 0 */

res = (exp(-Nuxtl)*nd(zlxsqrttl+z2/sqrttl)/
sqrttl-exp (-Nuxt2) *nd (z1l*sqrtt2+z2/sqrtt2) /sqrtt2
)/ (sigma*x)+0.5%(z3-z1)*(z1/z3+1) *xexp (z2* (z3-z1)
)% (N(z3*sqrtt2+z2/sqrtt2) -N(z3*sqrtti1+z2/sqrttl)
)/ (sigmax*x)+0.5%exp(z2*(z3-z1) ) *(z1/23+1) *(nd (z3
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}

*xsqrtt2+z2/sqrtt2) /sqrtt2-nd (z3*sqrtti+z2/sqrttl
)/sqrttl) /(sigmaxx)-0.5%exp(-z2x(z3+z1) ) *(z1/z3-
1) * (N(z3*sqrtt2-z2/sqrtt2) -N(z3*sqrttl-z2/sqrttl
))x(z3+z1) / (sigma*x)-0.5%exp (-z2*(z3+z1) ) *(z1/23
-1)*(nd (z3*sqrtt2-z2/sqrtt2)/sqrtt2-nd(z3*sqrttl
-z2/sqrttl)/sqrttl) /(sigmaxx) ;

else

{

if ( x==y )
{

/* case x=y ( i.e. z2=0 ) and t1=0 */

res = -exp(-Nuxt2)*nd(zl*sqrtt2)/sqrtt2/
(sigma*x)+0.5%(z3-2z1) *(z1/23+1) * (N(z3*sqrtt2)-1)
/(sigma*x)+0.5%(z1/z3+1)*nd (z3*sqrtt2) /sqrtt2/(
sigma*xx)-0.5%(z1/23-1)*N(z3*sqrtt2)*(z3+z1) /(sig
max*x)-0.5%(z1/2z3-1)*nd (z3*sqrtt2) /sqrtt2/ (sigma*x)
}
else if ( x >y )
{

/* case x>y ( i.e. z2>0 ) and t1=0%/

res = -exp(-Nuxt2)*nd(zl*sqrtt2+z2/sqrt
t2)/sqrtt2/ (sigma*x)+0.5%(z3-z1)*(z1/23+1) *xexp(z2
*(23-21) ) x(N(z3*sqrtt2+z2/sqrtt2)-1)/ (sigma*x)+0
.Bxexp(z2*%(2z3-21) ) *(z1/23+1) *nd (z3*sqrtt2+z2/sq
rtt2)/sqrtt2/ (sigma*x)-0.5%(z1/23-1) *exp (-z2* (z3+
z1) ) *N(z3*sqrtt2-z2/sqrtt2) *(z3+z1) / (sigma*x) -0.
5%(z1/23-1)*exp (-z2*(z3+z1) ) *nd (z3*sqrtt2-z2/sq
rtt2)/sqrtt2/ (sigma*x) ;
}
else
{

/* case x<y ( i.e. z2<0 ) and t1=0%*/

res = -exp(-Nuxt2)*nd(zlxsqrtt2+z2/sqrt
t2) /sqrtt2/ (sigma*x)+0.5%(z1/23+1) *(z3-z1) *exp(z2
*(23-21) ) *N(23*sqrtt2+z2/sqrtt2) / (sigma*x)+0.5%(
z1/z3+1) *xexp (z2* (z3-z1) ) *nd (z3*sqrtt2+z2/sqrtt2)
/sqrtt2/(sigma*xx)-0.5%(z1/z3-1) *exp(-z2*(z3+z1))
* (N(z3*sqrtt2-z2/sqrtt2) -1) *(z3+z1) / (sigma*x)-0.
5% (z1/23-1)*exp (-z2%(z3+z1) ) *nd (z3*sqrtt2-z2/sq
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rtt2)/sqrtt2/(sigma*x) ;
}
}

return res;

by

/* detx/
static int det(double(*f1) (double *),double(*f2) (
double *),double *tab,double *d)
{
if (deriv_x(f1,tab)*deriv_y(f2,tab)-deriv_x(£f2
,tab)*deriv_y(f1,tab)==0)
{
return WRONG;
}
else
{
*xd=deriv_x(f1,tab)*deriv_y(f2,tab)-deriv_x(
f2,tab)*deriv_y(f1,tab);
return OK;
}
+

/* coefficients of the inverse of the jacobian
matrix */

/* coefficient 00 */

static double InvJ_00(double(*f1) (double *),
double (xf2) (double *),double *tab)

double d;

if (det(f1,f2,tab,&d) '=WRONG)
return deriv_y(f2,tab)/d;
else return O.;

/* coefficient 01 %/
static double InvJ_01(double(*f1) (double *),
double (*xf2) (double *),double *tab)

double d;
if (det(f1,f2,tab,&d) '=WRONG)
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return -(deriv_y(f1,tab))/d;
else return O.;
+
/* coefficient 10 */
static double InvJ_10(double(*f1) (double *),
double (*xf2) (double *),double *tab)

double d;

if (det(f1,f2,tab,&d) !'=WRONG)
return -(deriv_x(f2,tab))/d;
else return O.;

/* coefficient 11 */
static double InvJ_11(double(xf1) (double *),
double (xf2) (double *),double *tab)

double d;

if (det(f1,f2,tab,&d) !=WRONG)
return deriv_x(f1,tab)/d;
else return O.;

/* inverse of the jacobian matrix */
static void create_InvJac(double(*InvJac[2][2]) (
double (*) (doublex*) ,double (*) (doublex*) ,double *))

InvJac[0] [0]=&InvJ_00;
InvJac[0] [1]1=&InvJ_01;
InvJac[1] [0]=&InvJ_10;
InvJac([1] [1]=&InvJ_11;

/* method of Newton-Raphson */
static int Newton_Raphson(double(*f1) (double *),
double (*f2) (double *),double S,double K,double T,
double r,double divid,double sigma,double *coeff_ B,
double *coeff_b,int type,double *x1,double *x2)
{
double x[AP_JU_Nmax] ;
double tabl[8];
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double tab2[10];

double tab3[12];/*={x[1],x[2],S,K,T,r,divid,si
gma,x1[0],x1[0],x2[0],x2[0]};*/

double d;

double *adresse;

double (*InvJac[2] [2]) (double (*) (doublex*),
double (*) (doublex) ,double *);

double (xf [2]) (double *);

double first_term,second_term,f0_ad,fl1_ad;

x[0]=0.;
x[1]=x1[0];
x[2]=x2[0];

tab1[0]=x[1];
tab1[1]=x[2];
tabl[2]=S;
tabl1[3]=K;
tabl[4]=T;
tabl[5]=r;
tabl[6]=divid;
tabl[7]=sigma;

tab2[0]=x[1];
tab2[1]=x[2];
tab2[2]=S;
tab2[3]=K;
tab2[4]=T;
tab2[5]=r;
tab2[6]=divid;
tab2[7]=sigma;
tab2[8]=x1[0];
tab2[9]=x2[0];

tab3[0]=x[1];
tab3[1]=x[2];
tab3[2]=S;
tab3[3]=K;
tab3[4]=T;
tab3[5]=r;
tab3[6]=divid;
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tab3[7]=sigma;
tab3[8]=x1[0];
tab3[9]=x1[0];
tab3[10]=x2[0];
tab3[11]=x2[0];

create_InvJac(InvJac);
f[0]=f1;
f[1]1=£2;

if (type==1)
{
adresse=tabl;
}
else if (type==2)
{
adresse=tab2;
+
else
{
x[1]1=x2[0];
x[2]=x2[1];
tab3[0]=x[1];
tab3[1]=x[2];
tab3[9]=x1[1];
tab3[11]=x2[1];
adresse=tab3;
}
if (det(f1,f2,adresse, &d)==WRONG)
{
return WRONG;
}
else
{
f0_ad=f[0] (adresse) ;f1_ad=f[1] (adresse) ;
first_term=InvJac[0] [0] (f1,f2,adresse)*f0_
ad+InvJac[0] [1] (f1,f2,adresse)*f1_ad;
second_term=InvJac([1] [0] (f1,f2,adresse)*f0_
ad+InvJac[1] [1] (f1,f2,adresse)*f1_ad;

while ((fabs(first_term)>AP_JU_err) || (fa

10
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bs(second_term)>AP_JU_err))
{

x[1]-=first_term;

x[2] —=second_term;

adresse[0]=x[1];
adresse[1]=x[2];

f0_ad=f[0] (adresse) ;f1_ad=f[1] (adresse);
first_term=InvJac[0] [0] (f1,f2,adresse)*
f0_ad+InvJac[0] [1] (f1,f2,adresse) *f1_ad;
second_term=InvJac[1] [0] (f1,f2,adresse)*
fO_ad+InvJac[1] [1] (f1,f2,adresse)*xf1_ad;
}

xcoeff_B=x[1];
xcoeff_b=x[2];
return OK;

/* APPROXIMATION BY ONE EXPONENTIAL x*/
/* Functions for which (B11,bl11) is solution */

static double fi1_11(double *tab)
{

double Bll=tab[0];

double bll=tab[1];

double S=tab[2];

double K=tabl[3];

double T=tab[4];

double r=tab[5];

double divid=tabl[6];

double sigma=tab[7];

double put_price, put_delta;

Put_BlackScholes_73(B11,K,T,r,divid,sigma,&put_
price,&put_delta);

return K-Bll-put_price-K*(1l-exp(-r*T))+B11*(1-
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exp(-divid*T))+K+*ap_ju_I(0,T,B11,B11,b1l,-1,r,r,
divid,sigma)—Bll*ap_ju_I(O,T,Bll,Bll,bll,1,divid,
r,divid,sigma);

static double f2_11(double *tab)
{

double Bll=tab[0];

double blil=tabl[1];

double S=tab[2];

double K=tab[3];

double T=tab[4];

double r=tabl[5];

double divid=tabl[6];

double sigma=tab[7];

double exp_minus_divid_T=exp(-dividx*T);

return -1.+exp_minus_divid_T*N(-ap_ju_d1(B11,K,
T,r,divid,sigma))+(1.-exp_minus_divid_T)+Kx
ap_ju_IS(0,T,B11,B11,b11,-1,r,r,divid,sigma)-ap_ju_I(0
,T,B11,B11,b11,1,diVid,r,diVid,Sigma)—Bll*
ap_ju_IS(O,T,Bll,B11,b11,1,divid,r,divid,sigma);

/*P1x/

static int ap_ju_pricingl(double S,double K,
double T,double r,double divid,double sigma,double *P1
)

double B11,bl1;
double put_price,put_delta;
double templ[1];
double temp2[1];

templ[0]=critical_price(r,divid,sigma,T,K);
temp2[0]=0.;

Put_BlackScholes_73(S,K,T,r,divid,sigma,&put_pr
ice,&put_delta);

Newton_Raphson(&f1_11,&f2_11,S,K,T,r,divid,sig
ma,&B11,&b11,1,templ, temp2) ;

12
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if (8<=B11)

*P1=K-S;

else

*P1=put_price+K* (1-exp(-r*T))-S*(1l-exp(-dividx
T))-K*ap_ju_I(0,T,S,B11,bl11,-1,r,r,divid,sigma)+
Skap_ju_I(0,T,S,B11,b11,1,divid,r,divid,sigma);

return OK;

/* APPROXIMATION BY TWO EXPONENTIAL PIECES x*/
/* functions which (B21,b21) is solution */

static double f1_21(double *tab)

{

double B21=tab[0];

double b21=tab[1];

double S=tab[2];

double K=tab[3];

double T=tab[4];

double r=tabl[5];

double divid=tab[6];

double sigma=tab[7];

double put_price, put_delta;
double B21_exp=B21*exp(b21%T/2.);

Put_BlackScholes_73(B21_exp,K,T/2,r,divid,sig
ma,&put_price,&put_delta);

return K-B21_exp-put_price-K*(l-exp(-r*T/2))+B2
1_exp*(1-exp(-divid*T/2))+K*ap_ju_I(0,T/2.,B21_
exp,B21_exp,b21,-1,r,r,divid, sigma)-B21_exp*
ap_ju_I(0,T/2,B21_exp,B21_exp,b21,1,divid,r,divid,sig
ma) ;

static double f2_21(double *tab)

{

double B21=tab[0];
double b21=tabl[1];

13
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double
double
double
double
double
double
double
);
double

return

(B21_

S=tab[2];

K=tab[3];

T=tab[4];

r=tab[5];

divid=tab[6];

sigma=tab[7];
exp_minus_divid_ToverTwo=exp(-divid*T/2.

B21_exp=B21*exp(b21*T/2.);

-1.+exp_minus_divid_ToverTwo*N(-ap_ju_dl
exp,K,T/2.,r,divid,sigma))+(1.-exp_minus_

divid_ToverTwo)+K*ap_ju_IS(0,T/2,B21_exp,B21_exp,

b21,-

1,r,r,divid,sigma)-ap_ju_I(0,T/2,B21*exp(b21

*T/2) ,B21xexp(b21*T/2) ,b21,1,divid,r,divid,sig

ma)-B21_exp*ap_ju_IS(0,T/2.,B21_exp,B21_exp,b21,1,

divid,r,divid,sigma);

/* functions for which (B22,b22) is solution */

static double f1_22(double *tab)

{

double
double
double
double
double
double
double
double
double
double
double

B22=tab[0];
b22=tab[1];
S=tab[2];
K=tab[3];
T=tab[4];
r=tab[5];
divid=tabl[6];
sigma=tab[7];
B21=tab[8];
b21=tab[9];
put_price, put_delta,value;

Put_BlackScholes_73(B22,K,T,r,divid,sigma,&put_
price,&put_delta);

value=K-B22-put_price-K*(1-exp (-r*T))+B22* (1-
exp(-divid*T))+K*ap_ju_I(0,T/2.,B22,B22,b22,-1,r,
r,divid,sigma)-B22*ap_ju_I(0,T/2,B22,B22,b22,1,

14
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divid,r,divid,sigma)+K*ap_ju_I(T/2,T,B22,B21,b21,-
1,r,r,divid,sigma)-B22*ap_ju_I(T/2.,T,B22,B21,b2
1,1,divid,r,divid,sigma);

return

}

value;

static double f2_22(double *tab)

{
double
double
double
double
double
double
double
double
double
double
double

return

B22=tab[0] ;
b22=tab[1];
S=tab[2];
K=tab[3];
T=tab[4];
r=tab[5];
divid=tabl[6];
sigma=tab[7];
B21=tab[8];
b21=tab[9];
exp_minus_divid_T=exp(-dividx*T);

-1.+exp_minus_divid_T*N(-ap_ju_d1(B22,K,

T,r,divid,sigma))+(1.-exp_minus_divid_T)+Kx
ap_ju_IS(0,T/2.,B22,B22,b22,-1,r,r,divid,sigma)-
ap_ju_I(0,T/2,B22,B22,b22,1,divid,r,divid,sigma)+K*
ap_ju_IS(T/2,T,B22,B21,b21,-1,r,r,divid,sigma)-B22x*
ap_ju_IS(0,T/2,B22,B22,b22,1,divid,r,divid,sigma)-
ap_ju_I(T/2,T,B22,B21,b21,1,divid,r,divid,sigma)-B22x*
ap_ju_Is(T/2.,T,B22,B21,b21,1,divid,r,divid,sigma);

/*P2%/

static int ap_ju_pricing2(double S,double K,
double T,double r,double divid,double sigma,double *P2

)

double
double
double

B11,bl1;
B21,b21;
B22,b22;

15
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double BT=MIN(K,divid!=0.7K*r/divid:K);
double templ[1];

double temp2[1];

double put_price,put_delta;

templ[0]=critical_price(r,divid,sigma,T,K);
temp2[0]=0.;

if (fabs(BT-(*templ))<0.05%BT)

{
Newton_Raphson(&f1_11,&f2_11,S,K,T,r,divid,
sigma,&B11,&b11,1,templ, temp2);
Newton_Raphson(&f1_21,&f2_21,S,K,T,r,divid,
sigma,&B21,&b21,1,&B11,0);
Newton_Raphson (&f1_22,&f2_22,S,K,T,r,divid,
sigma,&B22,&b22,2,&B21,0);

}

else

{
Newton_Raphson(&f1_11,&f2_11,S,K,T,r,divid,
sigma,&B11,&b11,1,templ,temp2);
Newton_Raphson(&f1_21,&f2_21,S,K,T,r,divid,
sigma,&B21,&b21,1,&B11,&b11);
Newton_Raphson (&f1_22,&f2_22,S,K,T,r,divid,
sigma,&B22,&b22,2,&B21,4b21) ;

Put_BlackScholes_73(S,K,T,r,divid,sigma,&put_pr
ice,&put_delta);

if (S<=B22)

*P2=K-S;

else

*P2=put_price+K* (1-exp(-r*T))-S*(1-exp(-dividx
T))-K*ap_ju_I(0,T/2.,S,B22,b22,-1,r,r,divid,sig
ma)+S*ap_ju_I(O,T/2.,S,B22,b22,1,divid,r,divid,sig
ma)-K*ap_ju_I(T/2,T,S,B21,b21,-1,r,r,divid,sigma)+
Skap_ju_I(T/2,T,S,B21,b21,1,divid,r,divid,sigma);
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return OK;

by

/* APPROXIMATION BY THREE EXPONENTIAL PIECESx*/
/*functions for which (B31,b31) is solution */

static double f1_31(double *tab)
{
double B31=tabl[0];
double b31=tabl[1];
double S=tab[2];
double K=tab[3];
double T=tabl[4];
double r=tab[5];
double divid=tabl[6];
double sigma=tab[7];
double put_price, put_delta,value;
double B31_exp=B31*xexp(2.*b31*T/3.);

value=Put_BlackScholes_73(B31_exp,K,T/3,r,divid
,sigma,&put_price,&put_delta);

value=K-B31_exp-put_price-K*(1.-exp(-r*T/3.))+
B31_exp*(1-exp(-divid*T/3.))+K*ap_ju_I(0,T/3.,B31
_exp,B31_exp,b31,-1,r,r,divid,sigma)-B31_exp*
ap_ju_I(0,T/3.,B31_exp,B31_exp,b31,1,divid,r,divid,sig
ma) ;

return value;

static double f2_31(double *tab)
{

double B31=tabl[0];

double b31=tabl[1];

double S=tab[2];

double K=tab[3];

double T=tab[4];

double r=tab[5];
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double divid=tabl[6];

double sigma=tab[7];

double value;

double exp_minus_divid_ToverThree=exp(-divid*T/
3.);

double B31_exp=B31*exp(2.*b31*T/3.);

value=-1.+exp_minus_divid_ToverThree*N(-ap_ju_d
1(B31_exp,K,T/3.,r,divid,sigma))+(1.-exp_minus_
divid_ToverThree)+K*ap_ju_IS(0,T/3.,B31_exp,B31_
exp,b31,-1,r,r,divid,sigma)-ap_ju_I(0,T/3.,B31 _exp
,B31_exp,b31,1,divid,r,divid,sigma)-B31_exp*
ap_ju_IS(0,T/3.,B31_exp,B31_exp,b31,1,divid,r,divid,si
gma) ;

return value;

/* functions for which (B32,b32) is solution */

static double f1_32(double *tab)
{
double B32=tab[0];
double b32=tabl[1];
double S=tab[2];
double K=tabl[3];
double T=tabl[4];
double r=tab[5];
double divid=tabl[6];
double sigma=tabl[7];
double B31=tab[8];
double b31=tab[9];
double put_price, put_delta,value;
double B31_exp=B31*exp(b31*T/3.);
double B32_exp=B32*exp(b32*T/3.);
double twoT_over_three=2x*T/3;

Put_BlackScholes_73(B32_exp,K,twoT_over_three,
r,divid,sigma,&put_price,&put_delta);
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}

value=K-B32_exp-put_price-K*(1-exp(-r*twoT_ov
er_three))+B32_exp* (1-exp(-divid*twoT_over_three))
+K*ap_ju_I(0,T/3.,B32_exp,B32_exp,b32,-1,r,r,div
id,sigma)-B32_exp*ap_ju_I(0,T/3,B32_exp,B32_exp,
b32,1,divid,r,divid,sigma)+K*ap_ju_I(T/3,2*T/3,B3
2_exp,B31_exp,b31,-1,r,r,divid,sigma)-B32_exp*
ap_ju_I(T/3,twoT_over_three,B32_exp,B31_exp,b31,1,div
id,r,divid,sigma);

return value;

static double f2_32(double *tab)

{

double B32=tab[0];

double b32=tab[1];

double S=tabl[2];

double K=tabl[3];

double T=tab[4];

double r=tabl[5];

double divid=tabl[6];

double sigma=tabl[7];

double B31=tab[8];

double b31=tab[9];

double value;

double exp_minus_divid_twoToverThree=exp(-divid
*2 . *T/3.);

double B31_exp=B31*exp(b31%T/3.);

double B32_exp=B32*exp(b32xT/3.);

double twoT_over_three=2+*T/3;

value=-1.+exp_minus_divid_twoToverThreex*N (-

ap_ju_d1(B32_exp,K,twoT_over_three,r,divid,sigma))+(1.

—exp_minus_divid_twoToverThree)+K*ap_ju_IS(0,T/3
,B32_exp,B32_exp,b32,-1,r,r,divid,sigma)-ap_ju_I
(0,T/3,B32_exp,B32_exp,b32,1,divid,r,divid,sig
ma)+K*ap_ju_IS(T/3,2*T/3,B32_exp,B31_exp,b31,-1,r,
r,divid,sigma)-B32_exp*ap_ju_IS(0,T/3,B32_exp,B32
_exp,b32,1,divid,r,divid,sigma)-ap_ju_I(T/3.,tw
oT_over_three,B32_exp,B31_exp,b31,1,divid,r,divid

19
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,sigma)-B32_exp*ap_ju_IS(T/3.,twoT_over_three,B3
2_exp,B31_exp,b31,1,divid,r,divid,signma);

return value;

}
/* functions for which (B33,b33) is solution */

static double f1_33(double *tab)
{

double B33=tab[0];

double b33=tabl[1];

double S=tab[2];

double K=tabl[3];

double T=tabl[4];

double r=tab[5];

double divid=tabl[6];

double sigma=tab[7];

double B31=tab[8];

double b31=tab[9];

double B32=tab[10];

double b32=tab[11];

double put_price, put_delta,value;

Put_BlackScholes_73(B33,K,T,r,divid,sigma,&put_
price,&put_delta);

value=K-B33-put_price-K*(1-exp (-r*T))+B33*(1-
exp(-divid*T))+K+*ap_ju_I(0,T/3,B33,B33,b33,-1,r,r,
divid,sigma)-B33*ap_ju_I(0,T/3,B33,B33,b33,1,divid
,r,divid,sigma)+K*ap_ju_I(T/3,2%T/3,B33,B32,b32,
-1,r,r,divid,sigma)-B33*ap_ju_I(T/3,2*T/3,B33,B3
2,b32,1,divid,r,divid, sigma)+K*ap_ju_I(2xT/3,T,
B33,B31,b31,-1,r,r,divid,sigma)-B33*ap_ju_I(2*T/3
,T,B33,B31,b31,1,divid,r,divid,sigma);

return value;

static double f2_33(double *tab)
{
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double B33=tabl[0];

double b33=tab[1];

double S=tabl[2];

double K=tabl[3];

double T=tabl[4];

double r=tab[5];

double divid=tabl[6];

double sigma=tab[7];

double B31=tab[8];

double b31=tab[9];

double B32=tab[10];

double b32=tab[11];

double value;

double exp_minus_divid_T=exp(-dividx*T);
double twoT_over_three=2.%T/3.;

value =-1.+exp_minus_divid_T*N(-ap_ju_d1(B33,K,
T,r,divid,sigma))+(1.-exp_minus_divid_T)+Kx
ap_ju_Is(0,T/3.,B33,B33,b33,-1,r,r,divid,sigma) +K*
ap_ju_IS(T/3.,twoT_over_three,B33,B32,b32,-1,r,r,divid
,sigma)+K*ap_ju_IS(twoT_over_three,T,B33,B31,b31
,-1,r,r,divid,sigma)-ap_ju_I(0,T/3.,B33,B33,b33,
1,divid,r,divid,sigma)-ap_ju_I(T/3.,twoT_over_th
ree,B33,B32,b32,1,divid,r,divid,sigma)-ap_ju_I(tw
oT_over_three,T,B33,B31,b31,1,divid,r,divid,sig
ma)-B33*ap_ju_IS(0,T/3.,B33,B33,b33,1,divid,r,div
id,sigma)-B33*ap_ju_IS(T/3.,twoT_over_three,B33,
B32,b32,1,divid,r,divid,sigma)-B33*ap_ju_IS(twoT_
over_three,T,B33,B31,b31,1,divid,r,divid,sigma);

return value;

3

/*P3%/

static int ap_ju_pricing3(double S,double K,
double T,double r,double divid,double sigma,double *P3
)

double B11,bil1;
double B31,b31;
double B32,b32;
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double B33,b33;

double BT=MIN(K,divid!=07K*r/divid:K);
double templ[1];

double temp2[1];

double temp3[2];

double temp4[2];

double put_price,put_delta;

templ[0]=critical_price(r,divid,sigma,T,K);

temp2[0]=0.;

if (fabs(BT-(*templ))<0.05%BT)

{
Newton_Raphson(&f1_11,&f2_11,S,K,T,r,divid,
sigma,&B11,&b11,1,templ,temp2);
Newton_Raphson(&f1_31,&f2_31,S,K,T,r,divid,
sigma,&B31,&b31,1,&B11,0);
Newton_Raphson(&f1_32,&f2_32,S,K,T,r,divid,
sigma,&B32,&b32,2,4B31,0);

temp3[0]=B31;
temp3[1]=b31;
temp4 [0]=B32;
temp4 [1]=0;
Newton_Raphson (&f1_33,&f2_33,S,K,T,r,divid,
sigma,&B33,&b33,3,temp3, temps) ;

}

else

{
Newton_Raphson(&f1_11,&f2_11,S,K,T,r,divid,
sigma,&B11,&bl11,1,templ,temp2);
Newton_Raphson(&f1_31,&f2_31,S,K,T,r,divid,
sigma,&B31,&b31,1,&B11,&b11);
Newton_Raphson(&f1_32,&f2_32,S,K,T,r,divid,
sigma,&B32,&b32,2,&B31,4b31) ;

temp3[0]=B31;

temp3[1]=b31;

temp4 [0]=B32;

temp4 [1]=b32;

Newton_Raphson (&f1_33,&f2_33,S,K,T,r,divid,
sigma,&B33,&b33,3,temp3, temp4) ;
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Put_BlackScholes_73(S,K,T,r,divid,sigma,&put_pr
ice,&put_delta);

if (S<=B33)

*P3=K-S;

else

*P3=put_price+K*(1.-exp(-r*T))-S*(1.-exp(-div
id*T))-K*ap_ju_I(0,T/3,S,B33,b33,-1,r,r,divid,sig
ma)+S*ap_ju_I(0,T/3,S,B33,b33,1,divid,r,divid,sig
ma)-K*ap_ju_I(T/3,2%T/3,5,B32,b32,-1,r,r,divid,sig
ma)+S*ap_ju_I(T/3,2%T/3,5,B32,b32,1,divid,r,divid,
sigma)-K*ap_ju_I(2%T/3,T,S,B31,b31,-1,r,r,divid,
sigma)+S*ap_ju_I(2%T/3,T,S,B31,b31,1,divid,r,div
id,sigma);

return OK;

by

/*PRICING*/

static int PutAmer_Ju(double S,NumFunc_1 *p,
double T,double r,double divid,double sigma,double *
put_price,double *put_delta)

double P1,P2,P3,K;
double P1_h,P2_h,P3_h;

K=p->Par[0] .Val.V_DOUBLE,;

ap_ju_pricingl(S,K,T,r,divid,sigma,&P1);
ap_ju_pricing2(S,K,T,r,divid,sigma,&P2) ;
ap_ju_pricing3(S,K,T,r,divid,sigma,&P3);

ap_ju_pricingl(S+AP_JU_h,K,T,r,divid,sigma,&P1_
h);

ap_ju_pricing2(S+AP_JU_h,K,T,r,divid,sigma,&P2_
h);

ap_ju_pricing3(S+AP_JU_h,K,T,r,divid,sigma,&P3_
h);

23
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/*Pricex*/
*put_price=4.5%P3-4.%P2+0.5%P1;
/**put_price=2.*P2-P1;%*/

/*Deltax/

xput_delta=((4.5%P3_h-4*P2_h+0.5%P1_h)-(kput_pr
ice))/AP_JU_h;

/**put_delta=(2.*P2_h-P1_h-*put_price)/AP_JU_h;
*/

return OK;

int CALC(AP_Ju_PutAmer) (void *0pt,void *Mod,Pric
ingMethod *Met)
{
TYPEOPT* ptOpt=(TYPEOPT*)0pt;
TYPEMODx* ptMOd=(TYPEMOD*)MOd;
double r,divid;

r=log(1.+ptMod->R.Val.V_DOUBLE/100.);
divid=log(1l.+ptMod->Divid.Val.V_DOUBLE/100.);

return PutAmer_Ju(ptMod->S0.Val.V_PDOUBLE,
ptOpt->Pay0ff.Val.V_NUMFUNC_1,
ptOpt—>Maturity.Val.V_DATE-ptMod->
T.Val.V_DATE,r,divid,
ptMod->Sigma.Val.V_PDOUBLE,
&(Met->Res[0] .Val.V_DOUBLE) ,&(Met-
>Res[1] .Val.V_DOUBLE)) ;

int CHK_OPT(AP_Ju_PutAmer) (void *0Opt, void *Mod)
{
TYPEMOD* ptMod=(TYPEMOD*)Mod;

if (strcmp( ((Optionx*)0Opt)->Name,"PutAmer")==0)
return OK;
return WRONG;

+
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static int MET(Init) (PricingMethod *Met)
{

return OK;

by

PricingMethod MET(AP_Ju_PutAmer)=
{
"AP_Ju_PutAmer",
{{" ",END,0,FORBID}},
CALC(AP_Ju_PutAmer),
{{"Price",DOUBLE, 100,FORBID},{"Delta" ,DOUBLE, 10
0,FORBID} ,{" ",END,O,FORBID}},
CHK_OPT (AP_Ju_PutAmer) ,
CHK_ok ,
MET(Init)

References
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