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This exam contains 9 pages (including this cover page) and 6 problems. Check to see if any pages
are missing. Enter all requested information on the top of this page, and put your initials on the
top of every page, in case the pages become separated.

You may only use your cheating sheet and an non-graphic calculator on this exam.

You are required to show your work on each problem on this exam. The following rules apply:

e Organize your work, in a reasonably neat and Problem | Points | Score
coherent way, in the space provided. Work scat-
tered all over the page without a clear ordering
3 i . i 1 20
will receive very little credit.
e Mysterious or unsupported answers will not 2 10
receive full credit. A correct answer, unsup-
ported by calculations, explanation, or algebraic 3 20
work will receive no credit; an incorrect answer
supported by substantially correct calculations and 4 20
explanations might still receive partial credit.
e If you need more space, use the back of the pages; ° -
clearly indicate when you have done this. 6 10
Do not write in the table to the right. Total: 100
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1. (20 points) Define these terms in about two or three sentences each, be as complete as possible.

(a) short selling
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(b) put option
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2. (a) (5 points) If Ry and Rj are the zero rates(with continuous compounding) for maturities
T, and T, what is the forward interest rate for the period of time between 77 and T, 7
Please show your analytical derivation of this formula.
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(b) (5 points) The one year zero rate is 6% and two year zero rate is 8%. What is the one
year forward rate?
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3. Let c and p be the price of European call and put options respectively at time t = 0. Let K be
the exercise (or strike) price at the time of maturity ¢t = T' and Sp be the price of the asset at
time ¢ = 0.

(a) (6 points) State the put-call parity relation and use it to deduce the inequalities:

c> Sy — Ke ™  and p> Ke™ T - 8,.

PAJF—CG@ Pﬂ\f“)‘)]' s &+ l(e"(r - F’rSD

_ . T
C = F+QD ](e \ F; C+k «ﬂ,go
> So—ke™ | > e
i - e \ as ¢ =o.
(b) (7 points) Show, using an no-arbitrage argument, that ¢ < So.
Cws‘mler Hwo rwt-(l:(log;
A: oune Caﬂ 0,1‘(‘\107‘
R : ene cl/\we ﬁ'f ctock
At £ —‘—T} fb\e \/aﬂue e‘(: twe Fm*t{s(ln:
St =K, = $i-K = stlgr
_§T<’< VA = o Sl Ve = G

e, VA SVB n oy Cage w c< S, +-0 !0
ho - Arbitve fe &C\YQUMCM(-. T% : ot %




Math 174E Midterm - Page 5 of 9 : 05/06/16

(c) (7 points) Use the result form part (b) along with the put-call parity to deduce the in-
equalities

Ke T — So<p< Ke T,
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4. (a) (15 points) By setting up an appropriate riskless portfolio, derive the formula for pricing
an option on a 1-step binomial tree, carefully explaining any ideas that you might use.
The initial price is Sp and the price changes to either uSp or dSp, with corresponding
option payoffs f, and f4 respectively.
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(b) (5 points) Consider a European call option for a stock with initial price Sop = 50, strike
price K = 70, expiration T = 2(years) and risk-free interest rate r = 5% per year.
Calculate the option price ¢ at t = 0 using a 1-step binary tree model of the underlying
stock S with up and down factors v = 1.2 and d = 0.8 and real probability p* = 0.6 for
an up step.
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5. (a) (10 points) Suppose that pi, pa, p3 are the prices of European put options with strike prices
K, K>, K3 respectively, where K3 > Ky > K and K3 — Ko = K5 — K;. All options have
the same maturity. Prove that the following inequality holds
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6. (10 points) Let z, be a random walk with binomial increments, i.e.,

Tntl1 = ZTptl
90 = 0

with equal probability of going up (+) or down (—). Find the probability P(z9 < 17).
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