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9 Basics of options, including trading
strategies

Option: The option of buying (call) or selling (put) an atssse

European option: Can only be exercised at expiration.

American option: Can be exercised anytime until the expn

In-the-money: Either (a) a call option where the assetgasqgreater
than the strike price or (b) a put option where the asset [gitass
than the strike price.

Out-of-the-money: Opposite of in-the-money.
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9.1 Factors Affecting Options Prices

* The list of factors:

1. Current stock price,
Strike price:K
Time to expirationT’
Volatility of stock price:o

Risk-free interest rate:

o g oA~ W

Dividends expected during life of optiof

Denis Pelletier, North Carolina State University = CompitedSeptember 25, 2006 at 21:14



ECG590I Asset Pricing. Lecture 9: Basics of options, inglgdrading strategies 3

« Signs of partial derivatives

So | K| T|o|r| D
Europeancallc) | + | - | 2|+ |+ | -
European putp) S+ 2+ -]+
Americancall(C) | + | - |+ |+ |+ | -
Americanput(P) | - | + |+ |+ |- | +
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— So: the higher the spot price today, the higher the spot pritleeat
expiration (or before). Payoff on the call would be higheyegff on
the put would be lower.

— K: a higher strike price lowers the payoff for the call and gages the
payoff for the put.

— T': harder to predict beforehand for European options. For #caa
options, the longer the time to expiration, the longer theetyou have
for the asset price to move until you're in the money.

— o: the higher the volatility of the asset price, the higherphabability
of having a big increase or decrease of the asset price oiff¢hef the
option.
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— r: the interest rate is a gain for the holder of calls optior@srienterest
on their cash while the wait to exercise the option) and afimsthe
holders of put options.

— D: The holders of put options are receiving dividends as thay @
exercise the option and the holders of call options are fmrepgthe
dividends.

Denis Pelletier, North Carolina State University = CompitedSeptember 25, 2006 at 21:14



ECG590I Asset Pricing. Lecture 9: Basics of options, inglgdrading strategies 6

9.2 Upper and Lower Bound

1. Upper bound — call options

* For both American and European options, the option canrrimve
worth more than the stock. Therefore, in particular

C

C

IA

S0
S0

IA

« Otherwise, arbitrageurs can make a riskless profit byrsgthe
call and using the proceeds to buy the stock.
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2. Upper bound — put options

(a) For both American and European put options, the optiomeser be
worth more thank’ — S < K (sinceSr is unobservable, we take
as the upper bound):

P K
p < K

IA

(b) We can say more for European options because we know éneigx
date. At that date, the option cannot be worth more tRaiso
therefore the value today satisfies

p< Ke ™

(c) Otherwise, arbitrageurs can make a riskless profit dyngetlhe option
and investing the proceeds at the riskless rate.
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3. Lower bound — call on non-dividend paying stock

(a) European call
e |t must satisfy
c>Sy— Ke ™

* To see this, consider two portfolios:
— A: One European call plus cash Ke="1).
— B: One share of stock.
* For portfolioA, the cash grows t& by timeT'.
— If St > K, the call is exercised and portfolio is worth-.
— If St < K, the call is worthless at timé& and the portfolio is
worth K.
— Conclusion: At timel’, portfolio A is worthmax(S7, K).
» PortfolioB is worth St at timeT'.
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« Ais always worth at least as muchBsnd can be worth more at
timeT'.
» For there to be no arbitrage, we must have the same relatdayt

c+ Ke ™' > 5,

otherwise we could make a profit by selling the stock now and
buying the call. The equation above can be written

c>S,— Ke ™

 In fact we can say more. The worst that can happen to a chlats t
It’'s worthless at expiration.
— ¢ cannot be negative
— ¢ > max(Sy — Ke " 0)
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(b) These lower bounds also apply to American calls becauseri&an
calls have more flexibility than European calls and so mustdnth
more for given values of, K, r, andT.

Denis Pelletier, North Carolina State University = CompitedSeptember 25, 2006 at 21:14



ECG590I Asset Pricing. Lecture 9: Basics of options, ingslgdrading strategies 11

4. Lower bound — put on non-dividend paying stock

(a) European put

e Has a lower bound ofe="" — S,

Consider two portfolios:
— C: One European put plus one share
— D: Cash & Ke 1)
If St < K, the option is exercised and portfolidis worth K.
If ST > K, the option is worthless, so the portfolio is woith.
Conclusion: portfolidC is worthmax(Sr, K) at timeT'.
The cash grows té at timeT".

Denis Pelletier, North Carolina State University CompitedSeptember 25, 2006 at 21:14



ECG590I Asset Pricing. Lecture 9: Basics of options, ingslgdrading strategies 12

« Conclusion: portfoliaC is always worth as much &% and possibly
more at timer'.

« Conclusion: For absence of arbitrage, we must have the same
relation today:

p+ Sy > Ke

otherwise we could make a profit by borrowing money and buying
the put and the asset. The equation above can be written

p>Ke ™ =5,

« As with a call, the worst that can happen to the put is that it i
worthless at timd’, so that

p > max(Ke ™ — S, 0)

(b) American put — also satisfies these bounds because atiigs e
flexibility.
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9.3 Put-Call Parity

1. European option

« Consider the following two portfolios
— A: one European call with strike prid€ and exercise daté +
cash & Ke™ 1),
— B: one European put with threamestrike price X’ and exercise
datel" + one share of stock.
« Attime T, both portfolios are wortlnax(Sr, K).

 Because the options are European, they cannot be exercised
beforeT.

— Conclusion: They must also have the same relative valug/toda
— Conclusionc+ Ke ™ =p+ S,

* This equality is theout-call parity .
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o If put-call parity does not hold, arbitrageurs can makera su

profit by shorting the securities in the expensive portfalinml

buying the securities in the cheaper one.

— Example 1: Ifc + K1 < p 4+ Sy, then short both the put and the stock
and use the proceeds (p + Sy) to buy the call and invest the
difference & p + Sy — ¢) at the risk free rate.

At expiration, one of the two options is in the money and onauis In
either case, the arbitrageur ends up buying one share ateaqdtk,
leaving him with a profit of p + Sy — ¢)e"™’ — K.

— Example 2: Ifc + K~ > p + S,, then arbitrage by shorting the call,
borrowingp + Sy — ¢ (which is less thardie=""), and buying the put
and the stock. The investor will end up selling one shardsfpearning
a profit of K — (p + Sy — c)e’™.
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2. American options

« American puts and calls do not satisfy put-call parity boisdtisfy the
following weaker relation

So— K<C—-—P<S8,— Ke

* Proof: Question 9.18 in Hull.
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9.4 Early Exercise of American Options

1. Calls on a non-dividend stock

(a) Early exercise is never optimal if the investor plan téditbe
stock past the expiration of the option.

e Consider an option (deep) in the mon&y ¢ K)

e If you walit until the expiration of the option to exerciseybu
can earn interest on your cash.

o If the price continue to rise, you can always exercise latero
loss.

o If the price falls (below the strike price), you may have
preferred never to exercise.
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(b) What if you don’t plan to hold the stock past the expimatand
you think the stock is overpriced?
 You're better off selling the option.

* The option will be bought by another investor who does waritdld
the stock.

« Such investor must exist otherwise the current stock pmoeld not be
as high.
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(c) Call price vs. intrinsic value

e The intrinsic value (value of option if exercised immedig) is
max(Sy — K, 0).

e The above argument show that the call is always worth mame tis
Intrinsic value (never optimal to exercise earlg).> S) — K
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(d) More formally:

Since the American call is worth at least as much as the Eaogall
because of the extra flexibility:

C>c
From the lower bound on European call:
c>S,— Ke ™

Combining the two:
O Z S() — KG_TT
Assuming that the interest rate is positivex{ 0), we havee="" < 1,
which imply that
C > S() — K

This therefore shows that there is a positive value asttiaith the
option to wait.
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(e) Increasing, T, or o raisesC' for given S,.

« Higherr: you earn more interest on your cash as you wait to exercise
the option.

« LongerT" you earn interest for longer on your cash as you wait to
exercise the option.

« Highero: increases the probability that the stock will do very well
(high price). It also increases the probability that thektwill do very
bad but we don’t care since we have an option and not the stock.
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2. Puts on a non-dividend stock

(a) Early exercise is optimal if option is sufficiently de@gtihe money.

* There is a lower bound of zero on the price of the stock but no

upper bound.
A price near its lower bound can fall only a little but careris
arbitrarily high.
Waiting to exercise a put deep in the money can bring onlyllsma
gains but large losses.
Exercise early when stock price hits a trigger price.
Also, we can earn interest on the profit from early exercise.
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(b) Put price vs. intrinsic value
e An American put always can be exercised immediately

P>K -5

 For sufficiently lowS,, exercise is optimalP = K — 5, for Sy < A.

Frﬂ””"Hﬂ' Varialion ol price dal ©n Aaericir 1 apidsn with ok price, A
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(c) Contrast with European put

For a European pup > Ke "™ — S,

And note thate " — S, < K — S, because > 0.

Also, P > p because there are valuesSffor which exercise is

optimal.

Conclusion: there exist, for whichp < K — S,. because

. P>p

ii. Exist Sy forwhichP = K — 5.

e Conclusion: An European put can be worth less than itsnsicivalue,
whereas an American put cannot.
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F.H.”'n E Lri' 5 ||:|||“.I 'I [FIC |-! 1 I _|'|||I.'_|| Il ||||- if ol 1i Il'll |I"|' i-,I [ i

* Note thatB > A because atl we haveP = K — S, at B we have
p = K — Sy, and we always havg > p. So atB we must have
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9.5 Dividends

1. Lower bound for calls

» Define the portfolios

— E: one European call plus cash (O + Ke~") whereD is the
present value of dividends during the life of the option.
— F: one share

* By the same arguments as befotex Sy — D — Ke "™

* D is the present value of the dividends foregone by not hawag t
stock. So they are an asset given up by holding the option.
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2. Lower bound for puts

» Define the portfolios
— G: one European put plus one share
— H:cash & D + Ke™1)

 The same argument as before gives

p>D+Ke ™ -8,

3. Upper bounds: same as before
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4. Early exercise

American calls may be exercised early when there are didslen
because not exercising forgoes the dividend. If early egermccurs,
it will be immediately before a dividend date.

5. Put-call parity

* The relation for European options is
c+D+Ke ™ =p+ S,
e For American options:

So—D—K<C—-P<S8y—Ke™
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9.6 Trading Strategies Involving Options

9.6.1 A single option and a stock

1. Covered call: long stock plus short call (the stock covers the risk
from the call isS; rises)
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2. Inverse covered call:short stock plus long call (the call covers the
risk from the stock isS; rises)

& Frodil
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3. Protective put: long stock plus long put (the put covers the loss from
the stock isS; falls)
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4. Inverse protective put: short stock plus short put (the stock covers
the loss from the put is; falls)
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5. Relations. The result of each of the foregoing looks like a put or call.
We can see this formally from the put-call parity

p+So=c+Ke ™ +D

« The LHS is a long put and long stock (like a protective putjve
rearrange the expression as

p—|—S0—K€_TT—D:C

we get that the call equals the put plus the stock less casdl &qu
Ke™ ™ 4+ D (which is what you would have to pay for the call).

o Similarly,

—p—8y=—c—Ke "™ - D
& —p—Sy+Ke ™ +D=—c

which corresponds to the inverse protective put.
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* Rearrange the put-call parity equation as
So—c=Ke ™ +D—p

or a long stock and short call equals cash plus a short pughnkithe
covered call.

 Finally
—So+c=—-Ke ™ —D+p

which is the inverse covered call.
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9.6.2 Spreads

A spread is a trading strategy involving two or more optiohthe same
type (i.e., two or more calls, two or more puts).

1. Bull spreads. Used by people who expect (or hoge)will rise but
who do not want to pay the amount required for a long call.
« Buy a call with one strike pricei;) and sell a call with a higher
strike price (<, > K,).

‘.Ill ]
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» Bull spreads created with call options require an initdstment
to pay the difference between the short and long calls. Thefpa
IS non-negative (the profit can be negative).

« A bull spread can also be created with puts. You buy a put avith
low strike price and sell a put with a higher strike price.

|'II_|-|JrI'. Eb ..I' .ill I |I:. ) Tk 1 L 10 (L] .||||: i
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» Bull spreads created with puts yield an initial cash inflowd a
have payoffs that are non-positive. They also put a floor en th
possible loss.

» Both kinds of bull spreads are profitable when the stockepric
rises.
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2. Bear spreads.These are the mirror image of bull spreads. They are
profitable when stock prices fall.

« Buy a call with ahigh strike price and sell a call with law strike
price.

Fi;l-'.l'E S8 Hear sprend created using call ixpilisn
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« Buy a put with a high strike price and sell a put with a lowlgtrprice.
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9.6.3 Butterfly spread

 Involves three options of the same type with differentkstiprices

* For example

1. Buy a call with a low strike pricé(;

2. Buy a call with a high strike pric&’;

3. Sell two calls with a strike pric&’; halfway between<; and K3
* The butterfly spread is profitable $i is nearKs. It's a good

investment if you think large movements.$i are unlikely. It's also
an insurance against big movements in either directions.
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9.6.4 Others

1. Calendar spreads.A combination of options with the same strike
price but different expiration dates.

2. Combinations. A trading strategy that takes a position in both puts
and calls on the same stock.
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(a) Straddle: buy a put and a call with the same strike and expiration date

o o o - —
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(b) Strips and straps

« Strip: one long call, two long puts, all with samd&and7’. Similar to
straddle, but used when belief is that a ris&inis less likely than a
fall.
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« Strap: two long calls and one one long put, with the sdmand’.

B Pl
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(c) Strangle (also called a bottom vertical combination). It's a long put
and a long call with the sanig but different values of<.

(d) Nearly infinite possible patterns of payoff can be ol#diby suitable
combinations.
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