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1. You assumed the 1-level tree model, priced and sold a call with strike E, Sd < E < Su,

followed the hedging procedure but the market ended up at S1,

Sd < S1 < Su.

Did you lose or make money? Calculate how much profit or loss do you make and plot

(sketch) your answer as a function of S1. You may assume r = 0 for simplicity.





2. For the American Call with the parameters S0 = 100, E = 95, r = 0.05, expiration in 3

years, use the tree model with ∆t = 1, u = 1.2, d = 0.8. Calculate the option price. At

which nodes is the early exercise optimal?



3. Given two independent random variables X and Y with probability densities fX and fY ,

the probability density of their sum Z = X + Y is given by the convolution formula

fZ(z) =

∫ ∞
−∞

fX(z − y)fY (y)dy. (1)

Show that the sum of two independent standard normal variables is a normal variable;

identify its mean and variance.



Points: /30



Formulas that might be useful

• Call payoff

CT (ST , E) = max(0, ST − E)

• Put payoff

PT (ST , E) = max(0, E − ST )

• Put-call parity

Ct(S,E) + Ee−r(T−t) = Pt(S,E) + St.

• 1 level tree model for call

C = (S0 − e−rTSd)∆, where ∆ =
Su − E
Su − Sd

.

• Probability density function of random variable X is an integrable function fX(x) such

that

FX(x) := P(X < x) =

∫ x

−∞
fX(s)ds.

In other words (when fX(x) is continuous)

fX(x) =
d

dx
FX(x).

• Probability density function of a normal N(µ, σ2) variable is

f(x) =
1√

2πσ2
e−

(x−µ)2

2σ2 . (2)

• “Risk neutral probability”

q =
erδt − d
u− d

• Tree back-propagation formula

V next = e−rδt
(
V prev
up q + V prev

down(1− q)
)
.

• Tree Delta

∆ =
Vup − Vdown
Sup − Sdown

.


