TP : Tree methods

We consider the CRR model

Sn+1 = SnUn—H
(Un,n > 0) asequence of i.i.d. random variableswith P(U,, = u) = ¢, P(U, = d) = 1 — ¢q. We
choose © and d in order to guarantee the convergence in distribution to the Black-Scholes model.
Let AT =T /N thetime discretization step,

u:e”m
d:efgm
_GTAT_d
1= u—d

We consider the following parameters of the Black-Scholes model : » = 0.1, 5, = K = 100,
c=02,T=1
Thisisthe agorithm for pricing an European option with CRR method in the BS mode! :

function[y]=price(T, N, signma,r,K x)
//up and down factors

h=T/'N,

u=exp(signmaxsqrt(h));

d=1/u;

/lrisk neutral probability
pu=(exp(r+*h)-d)/ (u-d);
pd=1- pu;

P=zeros(1, N+1);

/lmaturity

for j=0:N do

P(j +1) =max (0, K- Xx*uM(N-2%j));
end,

// Backwar d i nduction

for i=1:N do

for j=0:(Ni) do

P(j +1) =exp(-r*h)*(puxP(j +1) +pd*P(j +2));
end;

end;

y=P(1);

endf uncti on.

function [Y]=main()
r=0.1; Il r
sigma=0.2 // sigm

S0=100; /1 SO

T=1; /Il maturity

K=100; /1 strike

N =100; /1 Number of Step

Y=price(T, N, signm,r, K, SO);
endf uncti on

1. Plot a graph for (P), with n even and n odd in at-the-money and not at-the-money
case.



2. Computethe complexity of the program.
3. Modify the program in order to computethe delta and the gamma parameters.
4. Modify the program in order to compute American options.

Let (X;,7 > 1) asequence of i.i.d. random variablesP(X; = +1) = 1/2.

LetS, =X+ -+ X,.
Let AT = T'/N thetime discretization step. Set :

By = VATSy.

Then, By convergesin distribution to Br. Then

Ep [f(BN)] ~ Ep [f(BT)}

1. Writethe algorithm for the random walk discretization of B.M. in the European and
American cases.

Kamrad and Ritchken choose to take a symmetric 3-points approximation to log (*‘}g%)

log Syar + logu with p,
log S(nJrl)AT = log SnAT with DPm (l)
log Spar + logd  with  p,

1. Writethe algorithm for the trinomial tree of Kamrad-Ritchken in the European and
American cases.

2. Computethe complexity of the program.



