
Quantitative Finance Qualifying Exam

May 2025

Instructions: (1) You have 4 hours to do this exam. (2) This exam is closed notes and closed
books. No electronic devices are permitted. (3) Phones must be turned completely o↵ during the
exam. (4) All problems are weighted equally.

Part 1: Do 2 out of problems 1, 2, 3. (AMS511)
Part 2: Do 2 out of problems 4, 5, 6. (AMS512)
Part 3: Do 2 out of problems 7, 8, 9. (AMS513)
Part 4: Do 2 out of problems 10, 11, 12. (AMS517)

Problems to be graded: Please write down which eight problems you want graded here.

Academic integrity is expected of all students at all times, whether in the presence or absence
of members of the faculty. Understanding this, I declare that I shall not give, use, or receive
unauthorized aid in this examination.

Name (Print clearly):

Student ID:

Signature:

Stony Brook University
Applied Mathematics and Statistics
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7. Generalized Itô Integral and Functional Calculus. (30% + 30% + 40%) Let f : R ⇥
[0, T ] ! R be a function such that f 2 C2,1(R ⇥ [0, T ]), and let Bt be a standard Brownian
motion. Define the process: Xt := f(Bt, t).

(a) Use Itô’s formula to compute dXt = df(Bt, t) and express it as:
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(b) Multiply both sides of the expression in (a) by a process gt = Bt, and derive the identity:
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(c) Suppose now f(Bt, t) is replaced by f(Xt, t), where Xt = µt + �Bt is Brownian motion
with drift. Derive an expression for

R
t

0 f(Xs, s) ds, using the generalized Itô formula for
f(Xt, t), and identify the new drift term.



8. Chooser option. (60% + 40%) Consider a model with a unique risk-neutral measure eP and
constant interest rate r. According to the risk-neutral pricing formula, for 0  t  T , the price
at time t of a European call expiring at time T is C(t) = eE

⇥
e�r(T�t)(S(T )�K)+

��F(t)
⇤
, where

S(T ) is the underlying asset price at time T and K is the strike price of the call. Similarly, the
price at time t of a European put expiring at time T is P (t) = eE

⇥
e�r(T�t)(K � S(T ))+

��F(t)
⇤
.

Finally, because e�rtS(t) is a martingale under eP, the price at time t of a forward contract for
delivery of one share of stock at time T in exchange for a payment of K at time T is

F (t) = eE
h
e�r(T�t)(S(T )�K)

��F(t)
i
= S(t)� e�r(T�t)K.

Because (S(T )�K)+ � (K � S(T ))+ = S(T )�K, we have the put-call parity relationship:

C(t)� P (t) = eE
h
e�r(T�t)(S(T )�K)+ � e�r(T�t)(K � S(T ))+

��F(t)
i

= eE
h
e�r(T�t)(S(T )�K)

��F(t)
i
= F (t).

Now consider a date t0 between 0 and T , and consider a chooser option, which gives the right
at time t0 to choose to own either the call or the put.

(i) Show that at time t0 the value of the chooser option is

C(t0) + max{0,�F (t0)} = C(t0) +
⇣
e�r(T�t0)K � S(t0)

⌘+
.

(ii) Show that the value of the chooser option at time 0 is the sum of the value of a call
expiring at time T with strike price K and the value of a put expiring at time t0 with
strike price e�r(T�t0)K.



9. (American Options).

(i) (30%) Consider a game where a player simultaneously throws one fair coin and one fair
six-sided die. After each throw:

– If the coin shows heads, the player receives twice the number shown on the die.

– If the coin shows tails, the player loses one dollar (i.e., receives �$1).

The player is allowed to throw the coin and die up to three times in total. After each
throw, the player may choose to stop the game, in which case the accumulated reward
is locked in and no further throws occur. The total reward is the cumulative sum of
outcomes up to the chosen stopping time.

Compute the expected value of the game at time n = 0 (before the first throw), assuming
the player follows an optimal stopping strategy.

(ii) (30%+20%+20%) Consider a frictionless financial market consisting of a risk-free asset
and a risky stock, whose prices at time t are denoted Bt and St, respectively. Assume
the price processes evolve as follows:

dBt = rBt dt, dSt = µSt dt+ �St dWt,

where r > 0 is the constant risk-free interest rate, µ 2 R is the drift of the stock,
� > 0 is the stock volatility, {Wt}t�0 is a standard Brownian motion under the physical
measure P, (⌦,F , {Ft},P) is a filtered probability space satisfying the usual conditions.
Assume the market is arbitrage-free and complete, and that pricing is carried out under
the risk-neutral measure eP, where the drift of the stock is replaced by r. Consider the
time-homogeneous value function V (S) of a perpetual American option (i.e., an American
option with no expiry date), which has not yet been exercised.

(a) Show that in the continuation region, the function V (S) satisfies the second-order
ordinary di↵erential equation:
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� rV (S) = 0.

(b) Show that the general solution of this ODE is given by: V (S) = AS↵+ + BS↵� ,
where A and B are constants, and ↵+ > 1, ↵� < 0. Derive explicit expressions for
↵+ and ↵� in terms of r and �.

(c) Use appropriate boundary and smooth-pasting conditions to derive the value function
of a perpetual American put option with strikeK > 0, assuming the underlying stock
pays no dividends.



10. (Gaussian copula and correlated default). (20% + 20% + 30% + 30%) Suppose that
the default indicators are modeled using a latent variable model, Di = 1{Zi��1(pi)}, where
(Z1, Z2) ⇠ N(0,⌃), and ⌃ is a covariance matrix with correlation ⇢ 2 (�1, 1). This induces a
Gaussian copula for (D1, D2).

(a) Define the Gaussian copula C⇢(u, v), and show

P (D1 = 1, D2 = 1) = C⇢(p1, p2) = �2(�
�1(p1),�

�1(p2); ⇢),

where �2(·, ·; ⇢) is the CDF of the bivariate standard normal with correlation ⇢.

(b) Let p1 = p2 = p. Use the Freéchet bounds for copulas to show that max(0, 2p � 1) 
P (D1 = 1, D2 = 1)  p.

(c) Show that the default correlation is

Corr(D1, D2) =
C⇢(p1, p2)� p1p2p
p1p2(1� p1)(1� p2)

.

(d) Show that the tail dependence coe�cient for the Gaussian copula is zero when ⇢ < 1.
What implication does this have for joint extreme defaults?



11. (EGARCH model and VaR). (30% + 30% + 40%) Consider the following EGARCH(1,1)
model,

rt = µ+ ✏t, ✏t = �tzt, log �2
t = ! + � log �2

t�1 + ↵(|zt|� E|zt|) + �zt,

in which zt are independent and identically distributed N(0, 1) random variables.

(a) Compute the kurtosis of the rt.

(b) Compute the 1-step ahead VaR of rt at level q = 1%.

(c) Compute the 2-step ahead VaR of rt at level q = 2%.



12. (Marshall-Olkin copula). (30% + 30% + 40%) Let T1 and T2 be non-negative random
variables with a Marshall-Olkin bivariate exponential distribution, defined via independent
exponential components, T1 = min(X1, X0), and T2 = min(X2, X0), where Xi ⇠ Exp(�i),
i = 0, 1, 2 and Xi are independent.

(a) Derive the joint survival function P (T1 > t1, T2 > t2).

(b) Show that the associated copula is CMO(u, v) = min(u1�✓, v1�✓)(uv)✓ for ✓ = �0/(�0 +
�1 + �2).

(c) Use the definition of the Kendall’s tau to show that ⌧ = P (T1, T2) = ✓.


