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Instructions: Complete the following questions and place your answers in the space provided below. Do not round off your answers or intermediate calculations. Final dollar answers should be rounded to two decimal places. All other answers should be rounded to 8 decimal places.

1. Fill in the empty cells in the table below.

	Option Type
	E
	Payoffs of the option given different stock prices

	
	
	ST = 0
	ST = 15
	ST = 30
	ST = 45
	ST = 60

	Long put
	$23
	$23
	$8
	0
	0
	0

	Short put
	$31
	-$31
	-$16
	-$1
	0
	0

	Short call
	$28
	0
	0
	-$2
	-$17
	-$32

	Short call
	$26.50
	0
	0
	-$3.50
	-$18.50
	-$33.50

	Long call
	$35
	0
	0
	0
	10
	25

	Long put
	$27
	$27
	$12
	0
	0
	0

	Long call
	$12
	0
	$3
	$18
	$33
	$48

	Short put
	$37
	-$37
	-$22
	-$7
	0
	0


Note:
E = an option’s exercise or strike price.


ST = the stock’s price at the expiration of the option.


“Long” is the equivalent of owning something.


“Short” is equivalent to selling something not owned or to writing an option.

2. The Put-Call Parity equation determines the functional relationship among four securities: the underlying stock; a European call and a European put on this stock (both options have the same strike price and the same length of time till expiry); and a T-bill (with a current value equal to the present value of the exercise price and with the same expiry date as the options). Indicate clearly which position to take (long or short) in order to replicate
a) a long synthetic call
Long stock, long put, short T-bills
b) a short synthetic call
Short stock, short put, long T-bills

c) a long synthetic put
Short stock, long call, long T-bills
d) a short synthetic put
Long stock, short call, short T-bills

e) a long synthetic T-bill
Long stock, long put, short call
f) a short synthetic T-bill
Short stock, short put, long call
g) a long synthetic underlying stock
Short put, long call, long T-bills
h) a short synthetic underlying stock
Long put, short call, short T-bills
3. Laura has just had a long conversation with her broker who has convinced her to do the following initial transactions: loan out $42.74 to be paid back in 6 months at a rate of 6% per year (effective); short sell a share of BCD stock; and buy a call option with E = $44 and expiration in 6 months on BCD stock. Laura’s brother, George, talked to his broker and has decided to buy a put option with E = $44 and expiration in 6 months on BCD stock. Complete the tables below to determine the payoffs to Laura and George in 6 months when they liquidate their positions, given different possible prices of BCD’s stock. (Assume the brokers charge no commissions.)

	Laura’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Loan out $42.74
	$44
	$44
	$44
	$44
	$44

	Short sell BCD stock
	-$0
	-$20
	-$40
	-$60
	-$80

	Buy call; E = $44
	$0
	$0
	$0
	$16
	$36

	Laura’s total payoff in 6 months
	$44
	$24
	$4
	$0
	$0


	George’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Buy put; E = $44
	$44
	$24
	$4
	$0
	$0


4. Laura has just had a long conversation with her broker who has convinced her to do the following initial transactions: loan out $42.74 to be paid back in 6 months at a rate of 6% per year (effective); short sell a share of BCD stock; and sell a put option with E = $44 and expiration in 6 months on BCD stock. Laura’s brother, George, talked to his broker and has decided to sell a call option with E = $44 and expiration in 6 months on BCD stock. Complete the tables below to determine the payoffs to Laura and George in 6 months when they liquidate their positions, given different possible prices of BCD’s stock. (Assume the brokers charge no commissions.)

	Laura’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Loan out $42.74
	$44
	$44
	$44
	$44
	$44

	Short sell BCD stock
	$0
	-$20
	-$40
	-$60
	-$80

	Sell put; E = $44
	-$44
	-$24
	$4
	$0
	$0

	Laura’s total payoff in 6 months
	$0
	$0
	$0
	-$16
	-$36


	George’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Sell call; E = $44
	$0
	$0
	$0
	-$16
	-$36


5. Laura has just had a long conversation with her broker who has convinced her to do the following initial transactions: loan out $42.74 to be paid back in 6 months at a rate of 6% per year (effective); buy a call option with E = $44 and expiration in 6 months on BCD stock; and sell a put option with E = $44 and expiration in 6 months on BCD stock. Laura’s brother, George, talked to his broker and has decided to buy BCD stock. Complete the tables below to determine the payoffs to Laura and George in 6 months when they liquidate their positions, given different possible prices of BCD’s stock. (Assume the brokers charge no commissions.)

	Laura’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Loan out $42.74
	$44
	$44
	$44
	$44
	$44

	Buy call; E = $44
	$0
	$0
	$0
	$16
	$36

	Sell put; E = $44
	-$44
	-$24
	-$4
	$0
	$0

	Laura’s total payoff in 6 months
	$0
	$20
	$40
	$60
	$80


	George’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Buy BCD stock
	$0
	$20
	$40
	$60
	$80


6. Laura has just had a long conversation with her broker who has convinced her to do the following initial transactions: borrow $42.74 to be paid back in 6 months at a rate of 6% per year (effective); buy a share of BCD stock; and buy a put option with E = $44 and expiration in 6 months on BCD stock. Laura’s brother, George, talked to his broker and has decided to buy a call option with E = $44 and expiration in 6 months on BCD stock. Complete the tables below to determine the payoffs to Laura and George in 6 months when they liquidate their positions, given different possible prices of BCD’s stock. (Assume the brokers charge no commissions.)

	Laura’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Borrow $42.74
	-$44
	-$44
	-$44
	-$44
	-$44

	Buy BCD stock
	$0
	$20
	$40
	$60
	$80

	Buy put; E = $44
	$44
	$24
	$4
	$0
	$0

	Laura’s total payoff in 6 months
	$0
	$0
	$0
	$16
	$36


	George’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Buy call; E = $44
	$0
	$0
	$0
	$16
	$36


7. Laura has just had a long conversation with her broker who has convinced her to do the following initial transactions: borrow $42.74 to be paid back in 6 months at a rate of 6% per year (effective); short sell a call option with E = $44 and expiration in 6 months on BCD stock; and buy a put option with E = $44 and expiration in 6 months on BCD stock. Laura’s brother, George, talked to his broker and has decided to short sell BCD stock. Complete the tables below to determine the payoffs to Laura and George in 6 months when they liquidate their positions, given different possible prices of BCD’s stock. (Assume the brokers charge no commissions.)

	Laura’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Borrow $42.74
	-$44
	-$44
	-$44
	-$44
	-$44

	Sell call; E = $44
	$0
	$0
	$0
	-$16
	-$36

	Buy put; E = $44
	$44
	$24
	$4
	$0
	$0

	Laura’s total payoff in 6 months
	$0
	-$20
	-$40
	-$60
	-$80


	George’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Short sell BCD stock
	$0
	-$20
	-$40
	-$60
	-$80


8. Laura has just had a long conversation with her broker who has convinced her to do the following initial transactions: buy a share of BCD stock; buy a put option with E = $44 and expiration in 6 months on BCD stock; and sell a call option with E = $44 and expiration in 6 months on BCD stock. Laura’s brother, George, talked to his broker and has decided to loan out $42.74 to be paid back in 6 months at a rate of 6% per year (effective); Complete the tables below to determine the payoffs to Laura and George in 6 months when they liquidate their positions, given different possible prices of BCD’s stock. (Assume the brokers charge no commissions.)

	Laura’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Buy BCD stock
	$0
	$20
	$40
	$60
	$80

	Buy put; E = $44
	$44
	$24
	$4
	$0
	$0

	Sell call; E = $44
	$0
	$0
	$0
	-$16
	-$36

	Laura’s total payoff in 6 months
	$44
	$44
	$44
	$44
	$44


	George’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Loan out $42.74
	$44
	$44
	$44
	$44
	$44


9. Laura has just had a long conversation with her broker who has convinced her to do the following initial transactions: borrow $42.74 to be paid back in 6 months at a rate of 6% per year (effective); buy a share of BCD stock; and sell a call option with E = $44 and expiration in 6 months on BCD stock. Laura’s brother, George, talked to his broker and has decided to sell a put option with E = $44 and expiration in 6 months on BCD stock. Complete the tables below to determine the payoffs to Laura and George in 6 months when they liquidate their positions, given different possible prices of BCD’s stock. (Assume the brokers charge no commissions.)

	Laura’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Borrow $42.74
	-$44
	-$44
	-$44
	-$44
	-$44

	Buy BCD stock
	$0
	$20
	$40
	$60
	$80

	Sell call; E = $44
	$0
	$0
	$0
	-$16
	-$36

	Laura’s total payoff in 6 months
	-$44
	-$24
	-$4
	$0
	$0


	George’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Sell put; E = $44
	-$44
	-$24
	-$4
	$0
	$0


10. Laura has just had a long conversation with her broker who has convinced her to do the following initial transactions: short sell a share of BCD stock; sell a put option with E = $44 and expiration in 6 months on BCD stock; and buy a call option with E = $44 and expiration in 6 months on BCD stock. Laura’s brother, George, talked to his broker and has decided to borrow $42.74 to be paid back in 6 months at a rate of 6% per year (effective); Complete the tables below to determine the payoffs to Laura and George in 6 months when they liquidate their positions, given different possible prices of BCD’s stock. (Assume the brokers charge no commissions.)

	Laura’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Short sell BCD stock
	$0
	-$20
	-$40
	-$60
	-$80

	Sell put; E = $44
	-$44
	-$24
	-$4
	$0
	$0

	Buy call; E = $44
	$0
	$0
	$0
	$16
	$36

	Laura’s total payoff in 6 months
	-$44
	-$44
	-$44
	-$44
	-$44


	George’s Initial Transactions
	Payoffs in 6 months given different stock prices

	
	ST = $0
	ST = $20
	ST = $40
	ST = $60
	ST = $80

	Borrow $42.74
	-$44
	-$44
	-$44
	-$44
	-$44


11. The Manitoba Life Assurance Corp. (MLAC) currently has shares trading. Calls and puts on MLAC also exist.
a) Suppose MLAC’s stock is currently selling for $42, and a call option with a value (or premium) of $6 has an exercise price of $40 and 6 months until expiration. To prevent arbitrage opportunities, what should be the value (or premium) of a put option with the same strike price and expiration date. Assume that the options are European and that the effective annual risk-free rate is 6%.
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b) Suppose MLAC’s stock is currently selling for $42, and a put option with a value (or premium) of $3 has an exercise price of $40 and 6 months until expiration. To prevent arbitrage opportunities, what should be the value (or premium) of a call option with the same strike price and expiration date. Assume that the options are European and that the effective annual risk-free rate is 6%.
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c) Recent quotations indicate that MLAC’s stock is selling for $44, that a put option with an exercise price of $40 and 6 months until expiration has a value (or premium) of $3, and that a call option with an exercise price of $40 and 6 months until expiration has a value (or premium) of $11. Assume that the options are European and that the effective annual risk-free rate is 6%. If an arbitrage opportunity exists, determine how to take advantage of it. (Consider only “real” calls vs. synthetic calls and “real” puts vs. synthetic puts.)
Buy a synthetic call (value = $8.15) and short a “real” call (value = $11).
Or

Buy a “real” put (value = $3) and short a synthetic put (value = $5.85)

d) An American put option with 3 months until expiry has a strike (exercise) price of $40. If MLAC’s stock is currently trading at $35, determine the upper bound for the price of this option.

The upper bound = the strike price = $40
e) An American call option with 3 months until expiry has a strike (exercise) price of $40. If MLAC’s stock is currently trading at $35, determine the upper bound for the price of this option.

The upper bound = the stock price = $35
f) An American call option with 3 months until expiry has a strike (exercise) price of $40. If MLAC’s stock is currently trading at $35, determine the lower bound for the price of this option.

The lower bound echoes the long call payoff diagram = $0

g) An American put option with 3 months until expiry has a strike (exercise) price of $40. If MLAC’s stock is currently trading at $35, determine the lower bound for the price of this option.

The lower bound = strike price – stock price = $40 - $35 = $5

If answer is negative, the lower bound is zero.

12. Draw the payoff diagram for the holder of a call option that is about to expire. The strike (exercise) price is $15. Label the diagram carefully.
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13. Draw the payoff diagram for the writer of a call option that is about to expire. The strike (exercise) price is $15. Label the diagram carefully.
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14. Draw the payoff diagram for the holder of a put option that is about to expire. The strike (exercise) price is $15. Label the diagram carefully.
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15. Draw the payoff diagram for the writer of a put option that is about to expire. The strike (exercise) price is $15. Label the diagram carefully.
[image: image6.emf]Short Put Payoff Diagram

-16

-14

-12

-10

-8

-6

-4

-2

0

0 5 10 15 20 25 30

Stock Price

Value at Expiry


16. In the table below are various American options (presented in pairs) for you to compare. Use the data given to fill in the empty cells or to indicate which option in each pair has the higher current value. (Place an * in the cell to the left of the higher-value option. If both options have the same values, place *’s in the cells to the left of both options. If there are conflicting effects and the relative values cannot easily be determined, indicate by placing a question mark in the cells to the left of both options and circling the conflicting effects.)

	Higher-value Option
	Type
	S
	E
	(
	T
	Rf

	
	Call
	$15
	$15
	0.25
	6 months
	8%

	*
	Call
	$15
	$15
	0.35
	9 months
	8%

	?
	Put
	$20
	$20
	0.4
	8 months
	10%

	?
	Put
	$20
	$20
	0.4
	5 months
	8%

	*
	Call
	$30
	$30
	0.4
	0
	8%

	*
	Call
	$30
	$30
	0.25
	0
	8%

	
	Call
	$12
	$30
	0.25
	6 months
	8%

	*
	Call
	$12
	$20
	0.25
	6 months
	8%

	
	Put
	$50
	$35
	0.5
	4 months
	8%

	*
	Put
	$40
	$35
	0.5
	4 months
	8%

	
	Put
	$20
	$20
	0.4
	6 months
	10%

	*
	Put
	$20
	$20
	0.4
	6 months
	8%

	*
	Put
	$22
	$20
	0.35
	6 months
	10%

	
	Put
	$22
	$20
	0.25
	6 months
	10%

	
	Call
	$30
	$40
	0.26
	4 months
	10%

	*
	Put
	$30
	$40
	0.26
	4 months
	10%


Note: S = stock price; E = exercise (strike) price; σ = standard deviation of the underlying stock; T = time till expiry of the option; Rf = risk-free rate
17. Fanny Farmer is concerned whether she will make a profit on this year’s granola crop. She knows her costs of production will total $800 per tonne and she decides that she would like to lock in a sale price for her granola. Ms. Farmer expects to produce 2,000 tonnes of granola this year, so she shorts granola futures for 2,000 tonnes. Quaker Oats is concerned about the cost of granola needed to produce its Harvest Crunch cereal. Quaker Oats goes long in granola futures for 25,000 tonnes.

a) Assuming a current futures price (end of day 0) of $1,000 per tonne and initial margin requirements of 10%, how much must Ms. Farmer and Quaker Oats deposit into their commodity accounts when they enter into the futures position at the end of day 0?

Fanny Farmer’s Deposit = 10%($1,000/tonne)(2,000 tonnes) = $200,000

Quaker Oats’ deposit = 10%($1,000/tonne)(25,000 tonnes) = $2,500,000

b) Fill in the following table for Ms. Farmer given the closing future prices indicated. Assume the Maintenance Margin Requirement is 5% of the total contract value at the end of the given day. Assume that if there is a margin call, it must bring the account balance back up to 10% of the total contract value at the end of a given day.

	Day
	Opening Balance in Account
	Closing Futures Price
	Marking to Market
	Closing Balance in Account
	Maintenance Margin Requirement
	Margin Call

	1
	$200,000
	$1,020
	-$40,000
	$160,000
	$102,000
	$0

	2
	$160,000
	$1,050
	-$60,000
	$100,000
	$105,000
	$110,000

	3
	$210,000
	$1,030
	+$40,000
	$250,000
	$103,000
	$0

	
	$250,000
	$1,030
	$0
	$250,000
	$103,000
	$0

	119
	$250,000
	$950
	+$160,000
	$410,000
	$95,000
	$0

	120
	$410,000
	$940
	+$20,000
	$430,000
	$94,000
	$0


Note: Since FF is short in the futures contracts, a price increase causes negative marking-to-market.

c) Suppose Ms. Farmer does an offsetting position and gets out of the futures contracts at $940 per tonne. Assume that when she sells her granola, the spot price is $940 per tonne. Show whether Ms. Farmer’s hedging worked.

Futures mkt.
Cash flows
Spot mkt.
Cash flows
Initial deposit
-$200,000
Sell granola


[$940/t(2,000 t)]
$1,880,000
Margin call(s)
-110,000

Final balance withdrawn
+430,000

$120,000
Total CF
= $120,000 + $1,880,000


= $2,000,000


= her expectation of $1,000/t(2,000 t)

( Hedging worked. (Note: An investor/speculator without granola to sell could have earned $120,000.)

d) Fill in the following table for Quaker Oats given the closing future prices indicated. Assume the Maintenance Margin Requirement is 5% of the total contract value at the end of the given day. Assume that if there is a margin call, it must bring the account balance back up to 10% of the total contract value at the end of a given day.

	Day
	Opening Balance in Account
	Closing Futures Price
	Marking to Market
	Closing Balance in Account
	Maintenance Margin Requirement
	Margin Call

	1
	$2,500,000
	$1,020
	+$500,000
	$3,000,000
	$1,275,000
	$0

	2
	$3,000,000
	$1,050
	+$750,000
	$3,750,000
	$1,312,500
	$0

	3
	$3,750,000
	$1,030
	-$500,000
	$3,250,000
	$1,287,500
	$0

	
	$3,250,000
	$1,030
	$0
	$3,250,000
	$1,287,500
	$0

	119
	$3,250,000
	$950
	-$2,000,000
	$1,250,000
	$1,187,500
	$0

	120
	$1,250,000
	$940
	-$250,000
	$1,000,000
	$1,175,000
	$1,350,000


Note: Since QO is long in the futures contracts, a price increase causes positive marking-to-market.

e) Suppose Quaker Oats does an offsetting position and gets out of the futures contracts at $940 per tonne. Assume that when they buy their granola, the spot price is $940 per tonne. Show whether Quaker Oats’s hedging worked.

Futures mkt.
Cash flows
Spot mkt.
Cash flows
Initial deposit
-$2,500,000
Sell granola


[-$940/t(25,000 t)]
-$23,500,000
Margin call(s)
-1,350,000

Final balance withdrawn
+2,350,000

-$1,500,000
Total CF
= -$1,500,000 - $23,500,000


= -$25,000,000


= QO’s expectation of $1,000/t(25,000 t)

( Hedging worked. (Note: An investor/speculator who didn’t really want to buy granola would have lost $1,500,000 from the long position in futures.)

f) Explain marking to market. Where does this money come from or go to?

Money is given to (taken from) an investor account to compensate for the change in futures price. It comes from (goes to) a clearing house and is transferred from short contract seller to long contract holder or vice versa.
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