a call option having strike bri
; n) denote th 'Ce
=1...0 ec()\t Iy,

tion on S of
uplmlmn time /. . the cost of a call op the lnde ] th “*t
ot C be iration time 7. We now gp o ‘"h

tjons. AlsO, le and € xp
:‘tpnke price Z jm t index is always less than o & q| I
I
payoft of the cai!f If’ i b ying i (K;, t) call options on SeCum :"[lu
O

sum of the Payo
. N

refer 10

each j = t
time
index option PaY° off &t

(1«) S Kf)

j=1

+
w;SJ(t) - ij Kj)

_,:1

-4
w; (Si(®) ~ Kj))

\

j=1

n

i

IA

j=1
+

zn:(wj(Sj(t) = Kj))+) (because x < x*)

j=1 |

n +

w](sj(t) - K]) )

j=1
= w0 — KD
j=1

=

= Z w; - [payoff from (K;, 1) call option].
j=1

Consequently, by the generalized law of one price, we have that eithe’r

C < Y)_yw;C; or there is an arbitrage. -

5.3 Exercises

n sect”

Exercise 5.1 Suppose it is known that the prlCe of a certa! hould
sho

after one period will be one of the r values Sy eee Wh -

0 Arbiras® P

the cost of an o
when K < min

Exel‘CiSe 5.2
whos¢€ present |

Exercise 5.3

rity at time ! fc
and let r be the
quantities C.S

Exercise 5.4
rate of 5%, cor

of a call option

Exercise 5.5
present price i
sarily true?

(a) P <S.
(b) P < K.

Exercise 5.6
present price i

where t is the

Exercise 5.7
of selling one
option always

Exercise 5.8
ity formula.

Exercise 5.9

expire in three
the price 3. 1
10% and the s
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n to purchase the security at time 1 for the price K

of an optiO
1?

i be the price of 3 call opti
' is¢ 5 Let € ption to purchase a ;
Exerc prCSent price is S. Arguc that C < S. security

whos®
be the cost of a call option to purchase a secu-

gercisé = Let € °
ity at fime ! for the price K. Let S be the current price of the security.
and let e the interest rate- State and prove an inequality involving the
—rt
uantitles y and Ke .
ecurity is 28. Given an interest

find a lower bound for the price

Exercise 5.
compounded continuously,
and has a strike price of 30.

’
tion that expires in four months

Of a Call op
ell a security, whose

of a put option t0$
llowing are neces-

Let P bethe price
K. Which of the fo

Exercise 5.
. e is S, for the amount

garily tru€
@ P=S
(b) P = K
Exercise 5.6 Let P bethe price of a put option t0 sell a security, whose
present price 15 S, for the amount K. Argue that

rt __ S,

e t is the exercise time and r iS the interest rate.

wher
2, verify that the strategy

and buying One call

—ri

to Proposition 5.2,

ne put option,

Exercise 5.7 With regard
p-—C=> Ke

of solling one share of stock, selling ©
option always results in a positive winif § +

ove the put——call option par-

Exercise 5.8 Use the ]law of on€ price to pr

ity formula.
e security both

and put option o0 the sam
d both sell for
ate 18

f"e.lfi?e 5.9 A European call
xpire in three months, both have a strike price of 20, an

the pri '
I?;;pnce 3. If the nominal continuously compounded interest T
6 and the stock price 1S currently 25, identify an arbitrage-
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Exercise 5.10  Let C, and Pa be the COS‘: “L‘:merican call
) « -4 .. 1 A t ) 2

Qp(i(ms (rcspecﬁvely) on the sam.e becurltyen:) i ‘dVl;‘lg the Same ! l_)ln

price K and exercise time (. IfS1S the Pffst tlt’] ce of the securi, ik,
; ; or an inequality es C t

either an 1defmty . » :

~ri_Briefly explain- ‘

78

and e
ider two put options on the same securi
’ P 1Y, bog

Suppose the exercise prices of the tw, . 0of
S

al‘t

Exercise 5.11 Cons

which have expiration .

K, and K. Argue that
K — K= Pi— P2

where P; is the price of the put with strike Ki, i =1, 2.

Exercise 5.12  Explain why the price of an American put optiop ,

ing exercise time ! cannot be less than the price of a second puy OPIiJ‘
N

on the same security that is identical to the first option except thy i
s

exercise time is earlier.

e5.13 Say whether each of the following statements is alway

. . §
metimes true and sometimes false. Assume thy
tioned, all other parameters remain fixed. Givé

Exercis
true, always false, or sO
aside from what is men
brief explanations for your anSwers.

(a) The price of a European call option is nondecreasing in its expira

tion time.

(b) The price of a forward contract ona foreign currency is nondecreas-
ing in its maturity date.

(c) The price of a European put option is nondecreasing in its expir-
tion time.

E:};ercise 5.14 Your financial adviser has suggested that you buy both
tai : r:lropez.m‘ put and a European call on the same security, with both o

S expiring in three months, and both having a strike price equal 10
the present price of the security.

(a) Under what conditi
1tion . _
Sidislet s would such an investment strategy seem red

(b) Plot the ret ;
e or urn at ime ¢t = 1/4 from this strategy as a function ©
price of the security at that time )

[
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in ice 5 i
g for a price s immediately before it

unt d per share is pai
: : paid to every sh
e be immediately after the div)i(den;:lr?;

k is sell

’ 5.15 If a.stoc
ie., the amo

rcis
E‘xyes . dividen
P‘l]def)’ then wh

at should itS pric

en security at time £. All of
d, unless stated otherwise
is earned by an investor

) be the price of agiv

Let S(
ercise time 7 an

rCise 50 .
. 5 options have €X

Ex¢
[he fOHOWlng . )
xel’CiSe price K. GIve the payoff at time ¢ that
€
who-
pe call and one put option;
and has sold one put having

2) OV ¢ : K
ne call having exercise price Ki

owns o
exercise price K2;
calls and has sold short

of the security an

e of a European callo

one share of the security;
d has sold on¢€ call.

Argue that the pric ption is non-

Exercise 5.
in its strike price-
yacall option with

strike price 105 on
xpiration time.

Jtaneously bu
11 option with
the same €

that you sim
ie.,sell)aca

with both options having

tive Of negative?
ration time as a

the same security,
nitial cost posi
return at expi

¢ that time-

function of the price of the

(a) Is your 1
(b) Plot your
security @

Exercise 5-19 Consider tW
| price is 110. Suppose that both call options hav
| time: one has strike price 100 and costs 20; hereas the other has st
| price 110 and 0SS C. Assuming that an @ bitrage is 10! P ssible, g1Ve 4
lower bound on C.
Exercise 5.20 Let P(K, 1) denote ! ost of 3 European P! Ol?inﬂ
‘f”"h strike K and expiration time 1. Prove that P(K-1) js convex 11
or fixed ¢, or explain why itis D t necessarily rue
t of call

given int
an Americd

Exercise 5.21 Can the proof
the cost ©

:;ptiun l?c modified to show that
nvex in its strike price? S
canned b
y CamSc
anner
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1. K2 t2) double call option is one thy, .

I rike price Ki or at time ¢, o

W u (l Ilevel €XCI . 1

80

Exercise 5.22 A (Ki,
exercised either at time £
with strike price K2- Argue t
K, > e"“z"")Kz.

d call option, the return is capped at 5 ceng

ise5.23 Inacappe . ike pri "
Exercise 5 £ the option has strike price K and Xpira,

speciﬁed value A. That is, 1
time ¢, then the payoff at ti

Hin(A, (5@ — K7

me t i8

curity at time #. Show that an €qUivaley

where S(z) is the price of the s€
s to let

way of defining such an option i

max(K, S(t) — A)

be the strike price when the call is exercised at time ?.

Exercise 5.24 Argue that an American capped call option should be
exercised early only when the price of the security is at least K + 4.

Exercise 5.25 A function f(x) is said to be concave if, for all x, yand
0<Ai<l,

fAx+ @A =1y) = Af(x)+ A —=21)f(y-

(a) Give a geometrical interpretation of when a function is concave.
(b) Argue that f(x) is concave if and only if g(x) = — f(x) is convet.

\
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