C

O

M

P

U

T

A TIO

NA

L

FINAN CE

L e c t u re 5

: B

l

ac k

- Sc h

ole s

He

d

ge Si

mulatio n

Phili p H.

D

y

b vig Washington

University

Saint Louis,

Missouri C o p y r i g h t c Phi

lip

H

. Dy b

vig 1

99 6

B l a c k - Sc h ol e s He d ge S i m ula tio n

B e f o re p u tt i n g a he dge into p la ce , it i s a good idea to e valuate it �rst

using Monte Carlo si mulation ( with pseudo -random num bers ) and /or

bac k-testing (using historical data) . In this assignment, we are perform-

ing such a simulation for hedging using Black- Scholes. If you do the

\ E xtra for Experts, " your simulation will include transaction costs and

a stock price process with stochastic volatility (for which Black-Scholes

is not necessarily a good �t, even with fre quent trading and without

transaction costs).

T h e He a de r F i le ga u ssia n .h

//

// g a u ss ia n . h

//

// d e c la ra ti ons for nor mal com putations

//

struct distdens {

dou ble dist ;

double dens; };

distdens Gaussian (double quantit y ,double mean = 0.0,double variance= 1.0 );

Th e

I m p leme n t at i on File ga u sstest

.

cc //

//G

a u ss ia n dis t ri buti on test fi le

//#in

clude

<iostrea m

. h >

#include "

gaussian.h"

main (

) {

double quantit y

, mean,variance

;

distdens y;while(

1){

cin >> quantity >> mean >> variance;

y= Gaussian(quantity, mean, variance);

cout << y.dist << " " << y.dens << endl;}}

Th e

I m p leme n t at i on File ga u ssian

.

cc //

//g

a u ss ia n

. cc

//

//C

++ p r ogra m for normal computations

//bas

e d on the algorithm contributed by

Alan

Miller

// contained in the AppliedStatistics Algorithm as66

// see http://lib.stat.cmu.edu/a pstat/ for more information

//#include

<math.h

>

#include

"gaussian.h"

distdens

Gaussian

(double quantity

,double mean,doublevariance

)

{

distdens toreturn;

double q,sigma,t;

sigma

= sqrt(variance);

q = (quantity- mean)/sigma;

toreturn.dens = exp(-q

*q/

2.

0)*.

3

9 89 4228040

1432

7/sigma;

if(q>0.0) { t=

1

. 0 / (1.0 +0.

2

31 6

41 9

* q ) ;

to

r et ur n.

d i st = 1.0-e x p(-q*q/2.0)*.39

8942280401432

7*

t * (0.319381

530 +

t * (-0.356563782 +

t * (1.781477937 +

t * (-1.821255978 +

t * 1.330274429)))); }

else

{

t = 1.0/(1.0-0.2316419* q);

toreturn.dist = exp(-q*q/2.0)*.39894228 04014327*

t * (0.319381530 +

t * (-0.356563782 +

t * (1.781477937 +

t * (-1.821255978 +

t * 1.330274429))));}

return(toreturn);}

Th e T es t F i le bstest

.

cc //

//b

s t est .

cc B l ac k

- Sc h oles testp ro gra m

//#

i ncl u de <iostream.h

>

#include

"bs.h"

main ( ) {

double S,

X,r,sigma,ttm ;

valhedge callinfo;

bs bspr;while(

1) {

cin >> S >> X >> r >> sigma >> ttm;

bspr.newpars(ttm,r,sigm a);

callinfo

= bspr.call(S,X);

cout << callinfo.value << " " << callinfo.delta << endl;}}

Th e

He a de r

F i le b s

.h //

//b

s . h B l a c k - Sch ol es heade r f ile

//#i

ncl ude

" gaussian.h"

struct

valhedge

{

double value;

double delta;};

class bs {public:

bs(double ttm

=. 2

5 ,double r=.05,double sigma=.3

);

void newpars(double ttm,double r,double sigma);

valhedge call(double S0,doubleX);

private:

valhedge ezcall(double stock,double bond,double vol);

double disc,sigsqttm;};

Th e

I m p leme n t at i on File b s

. cc //

//b

s . cc B l ac k

- Sc h ol es

P r ici n g Engine

//#incl

u de < ma th.h

>

#include

"bs.h" bs::bs

(double ttm,double r,double sigma)

{

sigsqttm

= sigma* sigma * ttm;

disc = ex p(-r * ttm);} void bs::ne wpars(double ttm,double r,double sigma) {

sigsqttm = sigma * sigma * ttm;

disc = exp(-r * ttm);} valhedge bs::ezcall(double stock,double bond,double vol) {

distdens Nn

1,Nn

2;

valhedge toreturn;

Nn 1 =

G a u ss ian

( l o g(s to c k / bon d

)/ vol

+vol/

2

. 0) ;

Nn2 = Gaussian(log(stock/ bond)/vol-vol/2.0);

tor

eturn.value = stock* Nn1.dist - bond * Nn2.dist;

toreturn.delta = Nn1.dist;

return(toreturn); } valhedge bs::call(double

S0

,double

X)

{

return(e zcall(S0,X*disc,s

qrt(sigsqtt m)));}