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Q.1 (7 points) Assuming r = 0, plot the profit (PNL) diagram of the spread consisting of

a long put with strike E = 105 and premium 5.50 and 3 short puts with strike E = 95 and

premium 1.20. Identify the range of the prices of the underlying where the spread will yield

profit.



Q.2 (15 points, use two pages) Compute the 3-level binomial tree for a European Call

with the following parameters: S0 = 100, E = 90, r = 0.05, T = 3 months (i.e. 3/12 of a year)

using u = 1.1, d = 0.9. Separately, compute the 3-level binomial tree for a European Put with

identical parameters.

Compute Delta in both trees at the nodes S = 100, S = 90 and S = 99 (i.e. the path Down,

Up). Comparing Call Delta and Put Delta at equivalent nodes, conjecture the mathematical

relationship between them. Prove this relationship using Put-Call parity.





Q.3 (8 points) Let U be a uniform random variable on the interval (0, 1) (density p(u) = 1

if u ∈ [0, 1] and p(u) = 0 otherwise). Calculate the support (the set of values the random

variabe can take) and the probability density function of the random variable X = − ln(U)/λ,

where λ > 0. Hint: calculate the cumulative distribution function P[X ≤ x], then differentiate

it with respect to x.



Formulas that might be useful (do not detach)

• Call and put payoff

CT (ST , E) = max(0, ST − E), PT (ST , E) = max(0, E − ST ).

• Put-call parity and price bounds

Ct(S,E) + Ee−r(T−t) = Pt(S,E) + St,

max(St − Ee−r(T−t), 0) ≤ Ct(St, E) ≤ St,

max(Ee−r(T−t) − St, 0) ≤ Pt(St, E) ≤ Ee−r(T−t).

• Price of the forward contract

Ft = Ste
r(T−t).

• Tree back-propagation formula

V next = e−r∆t (V prev
u q + V prev

d (1− q)) , where q =
er∆t − d
u− d

.

• Tree Delta

∆ =
Vu − Vd
Su − Sd

.

• Short-cut formula for European-type claims

V 0
0 = e−rT

L∑
j=0

V L
j

(
L

j

)
qj(1− q)L−j, q =

er∆t − d
u− d

,

where the price of the underlying is assumed to be SL
j = S0u

jdL−j.

• Expectation is linear:

E(α1X1 + α2X2 + β) = α1EX1 + α2EX2 + β.

• 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) =

d

dx
P(X < x).

• Properties of the variance:

var(αX + β) = α2 var(X),

var(X1 +X2) = var(X1) + var(X2) if X1, X2 are uncorrelated.

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

f(x) =
1√

2πσ2
e−

(x−µ)2

2σ2 .

• If Z ∼ N(0, 1) then X = σZ + µ has distribution N(µ, σ2). In particular, normal

variables remain normal under linear transformations X 7→ αX + β.


