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MID-TERM EXAMINATION


DURATION: 2 HOURS

Aid Allowed: Non-Programmable Calculator and 1-sided crib sheet

Instructions:

a) Answer 5 of the 6 questions
b) Write all answers in the examination paper
c) Each question is worth 20 marks



Name:


Student Number:


ANSWER ONLY 5 QUESTIONS!!

	Question
	Grade

	#1: Project Evaluation
	

	#2: Special Cases in Project Evaluation
	

	#3: Options
	

	#4: Project Evaluation under Uncertainty
	

	#5: Working Capital Management
	

	#6: Hedging
	

	Total:
	





Question #1

Consider the following projects being evaluated by the firm:
	Projects
	Lifespan
	Initial Cost
	Cash Flow per Year

	A
	8
	2,350.00
	450

	B
	7
	1,900.00
	350

	C
	8
	2,450.00
	520

	D
	6
	1,350.00
	375

	E
	7
	1,300.00
	350



The discount rate is 8% (annually compounded)

a) What is the maximum NPV, and which projects are selected, if the firm faces no constraints? (5 marks)


	Projects
	Lifespan
	Initial Cost
	Cash Flow per Year
	NPV
	PI
	Payback

	A
	8
	2,350.00
	450
	235.99
	1.10
	5.22

	B
	7
	1,900.00
	350
	(77.77)
	0.96
	5.43

	C
	8
	2,450.00
	520
	538.25
	1.22
	4.71

	D
	6
	1,350.00
	375
	383.58
	1.28
	3.60

	E
	7
	1,300.00
	350
	522.23
	1.40
	3.71









Max NPV w/o constraints = sum of all positive NPV projects

Max NPV = A + C + D + E = $1,680.05







b) What is the maximum NPV, and which projects are selected, if the firm has a $5,000.00 capital ration? (5 marks)

Max NPV w/constraint = A + D + E = $1,141.80 (total Initial Cost = $5,000)

“lumpiness” of project costs leads to a combination that is not discernable by NPV or PI ranking

INCORRECT: Two highest NPV projects = C + E = $1,060.48 (total Initial Cost = $3,750)


c) What is the maximum NPV, and which projects are selected, if the firm has a $5,000.00 capital ration and Project A and Project C are contingent? (5 marks)

	Projects
	Lifespan
	Initial Cost
	Cash Flow per Year
	NPV
	PI
	Payback

	A + C
	8
	4,800.00
	970
	774.24
	1.16
	4.95

	B
	7
	1,900.00
	350
	(77.77)
	0.96
	5.43

	D
	6
	1,350.00
	375
	383.58
	1.28
	3.60

	E
	7
	1,300.00
	350
	522.23
	1.40
	3.71



NPV A + C = 774.24 (total Initial Cost $4,800.00)

NPV D + E = 905.81 (total Initial Cost $2,650.00)

Thee are only two choices:
· project B is never selected
· A + C rules out any other project
· D + E are the only projects remaining

d) What is the maximum NPV, and which projects are selected, if the firm has a $5,000.00 capital ration, Project A and Project C are contingent, and Project D and Project E are mutually exclusive? (5 marks)

NPV of A + C is greater than either D or E, the only other options.

Question #2

Consider the following machines being evaluated by the firm:
	Machine
	Cost
	Annual Operating Expense
	Useful Life

	A
	1,500.00
	50.00
	6

	B
	2,000.00
	50.00
	9

	C
	1,700.00
	50.00
	5



The discount rate is 7% (annually compounded)

a) What is the lifetime cost of the machine with the lowest lifetime cost? (6 marks)


	Machine
	Cost
	Annual Operating Expense
	Useful Life
	PV
	EANPV
	

	A
	1,500.00
	50.00
	6
	1,738.33
	364.69
	

	B
	2,000.00
	50.00
	9
	2,325.76
	356.97
	

	C
	1,700.00
	50.00
	5
	1,905.01
	464.61
	










The machine with the lowest lifetime cost is Machine A, with a PV of $1,738.33.


b) What is the annual cost of the machine with the lowest annual cost? (7 marks)

Machine B has the lowest EANPV or annualized operating cost of $356.97












c) An upgraded version of machine C is available for purchase. The upgraded machine C has twice the useful life of the original Machine C, but costs an additional amount to purchase. What is the maximum additional amount that the firm would pay for Machine C if it wanted to purchase the machine with the cheapest annual cost? (7 marks)

From 2b), the machine with the cheapest EANPV is machine B. For machine C to have be the cheapest to operate on an annualized basis, it must have an EANPV at least as low as machine B.

Therefore, to be as cheap on an annualized basis, the upgraded machine C will have a PV that used Machine B’s EANPV. (i.e. what is the total cost of running Machine B for 10 years).



Solve for the additional cost for Machine C given the PV, cost, and annual operating cost



Therefore, Additional Cost = $456.05




Question #3

Consider the following stock options:
	Option
	Strike Price
	Premium
	Maturity

	Call A
	30
	6.5
	1-year

	Call B
	35
	3.55
	1-year

	Put C
	35
	8.9
	1-year

	Put D
	40
	12.5
	1-year



The underlying stock currently has a price of $28.50 and the discount rate is 5% (annual compounding).

a) What is the intrinsic and time value for each option? (4 marks)

	Option
	Strike Price
	Premium
	Maturity
	Intrinsic Value
	Time Value

	Call A
	30
	6.5
	1-year
	0
	6.5

	Call B
	35
	3.55
	1-year
	0
	3.55

	Put C
	35
	8.9
	1-year
	6.5
	2.4

	Put D
	40
	12.5
	1-year
	11.5
	1




b) What is the no-arbitrage price of Call B (use annual compounding)? (6 marks)





c) Given your answer in part b), explain in detail any trading strategy that you would implement, including any cash flows at time 0 and time 1 and any profit. (10 marks)

Call Option price is too low compared to the theoretical price. Trading strategy is to buy the call option, short the put option (results in a synthetic long position) and short the stock.

Time 0 Cash Flows:
	Buy Call Option B	-$3.55
	Short Put Option C	+$8.90
	Short Stock		+$28.50
	Net Cash Flow		$33.85 (invest at r for 1-year)

Time 1 Cash Flows:
	Repurchase Stock	-$35.00
	Amount Invested	+$35.5425 (receipt of amount invested at r)	
	Net Profit		$0.5425

Question #4

Consider the following business operation:

The firm is not currently operating. You can assume that the firm will start at time 0.

Sales each month are $500. Half of each month’s sales are credit sales and the cash is received the following month. 

Inventory is purchased the month before the sales and 100% of all inventory purchased in any month is sold in the following month. All inventory purchases are paid with cash and inventory cost is 80% of the sales in the following month.

a) How much cash would the firm require at time 0 to ensure that the firm did not face an illiquidity issue? (6 marks)

	Timeline
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Sales
	
	500
	500
	500
	500
	500
	500
	500
	500
	500

	Cash from sales (Inflow)
	
	250
	500
	500
	500
	500
	500
	500
	500
	500

	Cash for Inventory (Out Flow)
	400
	400
	400
	400
	400
	400
	400
	400
	400
	0

	
	
	
	
	
	
	
	
	
	
	

	Net Cash Flow
	-400
	-150
	100
	100
	100
	100
	100
	100
	100
	500

	
	
	
	
	
	
	
	
	
	
	

	Cumulative Cash Flow
	-400
	-550
	-450
	-350
	-250
	-150
	-50
	50
	150
	650



The Firm’s maximum cash drawdown is -$550, so the firm would need at least this amount at time 0 to ensure there were no liquidity problems.

b) In what month will the firm recoup the initial cash investment? (2 marks)

The Firm’s payback period is 6.5 (half way between end of year 6 and end of year 7 the firm will have earned net cash flow of $50).



c) If the firm can only start with $450 of initial cash, what change can the firm make to Accounts Receivables OR Profit Margin OR Accounts Payable to avoid illiquidity? Each change occurs in isolation, such as changing Accounts Receivables policy but not Profit Margin or Accounts Payable. Provide a numerical, not a qualitative, answer, for changes in each of Accounts Receivable, Profit Margin, and Accounts Payable. (12 marks)

Fix 1: Reduce AR to 30%:
	Timeline
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Sales
	 
	500
	500
	500
	500
	500
	500
	500
	500
	500

	Cash from sales (Inflow)
	 
	350
	500
	500
	500
	500
	500
	500
	500
	500

	Cash for Inventory (Out Flow)
	400
	400
	400
	400
	400
	400
	400
	400
	400
	0

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Net Cash Flow
	-400
	-50
	100
	100
	100
	100
	100
	100
	100
	500

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cumulative Cash Flow
	-400
	-450
	-350
	-250
	-150
	-50
	50
	150
	250
	750



Adding $100 in period via AR requires an additional $100 in sales to be received in cash. Sales are $500, $100 is 20% of $500, AR must be reduced by 20%.

Fix 2: Reduce Inventory Cost to 70% (i.e. increase profit margin to 30%)
	Timeline
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Sales
	 
	500
	500
	500
	500
	500
	500
	500
	500
	500

	Cash from sales (Inflow)
	 
	250
	500
	500
	500
	500
	500
	500
	500
	500

	Cash for Inventory (Out Flow)
	350
	350
	350
	350
	350
	350
	350
	350
	350
	0

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Net Cash Flow
	-350
	-100
	150
	150
	150
	150
	150
	150
	150
	500

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cumulative Cash Flow
	-350
	-450
	-300
	-150
	0
	150
	300
	450
	600
	1100



Increasing the profit margin, or reducing the inventory cost, has two impacts: 1) time 0 cash outflow is reduced; 2) future cash inflow is increased by reducing subsequent inventory costs. Reducing the negative cash balance in time 1 takes advantage of both effects: reducing inventory costs by 10% reduces time 0 inventory cost by $50 (10% of $500 in sales) and increases cash inflow in time 1 by $50. 

Fix 3: Increase AP to 25%
	Timeline
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Sales
	 
	500
	500
	500
	500
	500
	500
	500
	500
	500

	Cash from sales (Inflow)
	 
	250
	500
	500
	500
	500
	500
	500
	500
	500

	Cash for Inventory (Out Flow)
	300
	400
	400
	400
	400
	400
	400
	400
	400
	100

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Net Cash Flow
	-300
	-150
	100
	100
	100
	100
	100
	100
	100
	400

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cumulative Cash Flow
	-300
	-450
	-350
	-250
	-150
	-50
	50
	150
	250
	650



Cash flow can be improve by shifting $100 of inventory expense to the next period, which requires an increase in AP of 25% ($400 inventory cost * 25% = $100).




























Question #5

The firm is considering a new project. R&D is underway and will cost $1,000.00. The R&D will be completed at time 0. If the R&D is successful, the firm will be able to sell a 3D phone. If the R&D is unsuccessful, the firm will be able so sell a 2D phone.

The factory to build 3D phones will cost $20,000.00 and the 2D phone factory will cost $5,000.00. In both cases the factory expense occurs at time 1. 

Once the factory is complete, cash flows at time 2, 3, and 4 will be:
· $20,000.00 for 3D phones in the high sales scenario
· $10,000.00 for 3D phones in the low sales scenario
· $3,000.00 for 2D phones in the high sales scenario
· ($500.00) for 2D phones in the low sales scenario

The discount rate is 5%. 

a) If the probability of R&D success is 50% and the probability of the high sales scenario is 50%, what is the Static and Dynamic NPV of the project? What are the relative and absolute real option values? (7 marks)

	Timeline
	0
	
	1
	2
	3
	4
	

	
	
	
	High (q)
	20,000.00
	20,000.00
	20,000.00
	A

	
	(p)
	3D Phone
	(20,000.00)
	
	
	
	

	
	
	
	Low (1-q)
	10,000.00
	10,000.00
	10,000.00
	B

	R&D
	(1,000.00)
	
	
	
	
	
	

	
	
	
	High (q)
	3,000.00
	3,000.00
	3,000.00
	C

	
	(1-p)
	2D Phone
	(5,000.00)
	
	
	
	

	
	
	
	Low (1-q)
	(500.00)
	(500.00)
	(500.00)
	D




With 50/50 probabilities, each final outcome A, B, C, D has a 25% chance of occurring.









Static NPV = 25%*$31,823.77+25%*$5,888.08+25%*$2,018.80+25%*-$7,058.69 = $8,167.99

Dynamic NPV – the firm would abandon the 2D phone project; NPV of the 2D phone project is negative.

Dynamic NPV: 25% * $31,823.77 + 25% * $5,888.08 + 25% * -$1,000 + 25% * -$1,000 = $8,927.96

Absolute = Relative Option Value = $759.97

If the firm only abandoned branch D, it would still be engaged in a negative NPV project for the 2D phones, although the NPV would be better than the static model ($8.492.19).

b) Would the firm sell the 2D phone factory at time 2 for $2,500? If yes, what would be the new Dynamic NPV? (6 marks)

In order for the firm to sell the 2D phone factory, it must first build the 2D phone factory. The cost of building the factory is $5,000. The firm cannot sell the 2D factory unless it builds the 2D factory. Since the 2D factory would not be built in part a), the question is whether or not the salvage value makes it worthwhile to build:

If the firm builds the factory, just to immediately sell it, Dynamic NPV = $7,680.80 (the firm would still not build the factory)

If the firm builds the factory, operates branch C, but sells branch D, Dynamic NPV = $9,059.08 (the firm would build the 2D factory if it could sell it for branch D).

[bookmark: _GoBack]Yes, the firm would sell the factory on branch D, and it makes it worthwhile to build the 2D factory.

c) Before the R&D is completed, the firm learns that the high sales scenario for the 2D phone will generate cash flow of $2,000.00 per period. What is the new Static NPV, Dynamic NPV, relative real option value, and absolute real option value? (7 marks)

Static NPV is now $7,519.60

Dynamic NPV is unchanged – the firm would abandon the entire 2D phone project, this has not changed, if you ignore the factory salvage value; Dynamic NPV is slightly higher if you assume the firm cans sell the factory.

The Absolute = Relative Real Option value is now $1,408.36 or $1,539.48 – the option value has risen, not because the firm has generated a better outcome, but because the outcome it wants to avoid became worse! In other words, the real option value became more valuable through no fault of its own.

Question #6

Consider the following 1-year options:
	Option
	Strike Price
	Premium

	Call A
	25.00
	4.83

	Call B
	35.00
	2.27

	Put C
	25.00
	3.64

	Put D
	15.00
	1.39



The underlying stock has a current price of $25.00 and the discount rate is 5% (annual compounding).

You are thinking of buying the underlying stock at the current price and are deciding between two different hedging strategies to implement when you buy the stock:

1) Long Put w/25 strike price
2) Long Put and Short Call both w/25 strike price

a) What is the total profit to each trading position (stock + hedging) if the stock is $38.00 or $12.00 1-year from now? (6 marks)

	Option
	Strike Price
	Premium
	Payoff at $38
	Payoff at $12

	Call A
	25.00
	4.83
	13.00
	-

	Call B
	35.00
	2.27
	3.00
	-

	Put C
	25.00
	3.64
	-
	13.00

	Put D
	15.00
	1.39
	-
	3.00



The Stock has a profit of $13.00 when it trades at $38.00 and -$13.00 when it trades at $12.00.

Profits:

Long Stock + Long 25 Put @ $38.00 = $13.00 – $3.64 = $9.36
Long Stock + Long 25 Put @ $12.00 = -$13.00 + $13.00 - $3.64 = -$3.64

Long Stock + Long 25 Put + Short 25 Call @ $38.00 = $13.00 - $3.64 -$13.00 + $4.83 = $1.19
Long Stock + Long 25 Put + Short 25 Call @ $12.00 = -$13.00 - $3.64 + $13.00 + $4.83 = $1.19



b) If each outcome has the same probability, what is the expected rate of return for each trading position? (6 marks)

Long Stock + Long 25 Put cost = $28.64
Long Stock  + Long 25 Put expected profit = 50% * $9.36 + 50% * -$3.64 = $2.86
Long Stock + Long 25 Put expected return = $2.86 / $28.64 = 9.99%

Long Stock + Long 25 Put + Short 25 Call cost = $23.81
Long Stock + Long 25 Put + Short 25 Call expected profit = 50% * $1.19 + 50% * $1.19 = $1.19
Long Stock + Long 25 Put + Short 25 Call expected return = $1.19 / $23.81 = 5.00%

Note: 5% is the discount rate in the question, and is the risk-free rate – Long Stock + Long 25 Put + Short 25 Call is a risk free position (the Put-Call Parity)



c) Using the given options and future outcomes, devise a hedging strategy that produces a better trading profit than the given trading positions. What is hedging strategy and its rate of return? (8 marks)

Replicate the previous Long Stock + Synthetic short, but use the 35 Call:

Long Stock + Long 25 Put + Short 35 Call @ $38.00 = $13.00 - $3.64  -$3.00 + $2.27 = $8.63
Long Stock + Long 25 Put + Short 35 Call @ $12.00 = -$13.00 - $3.64 + $13.00 + $2.27 = -$1.37

Long Stock + Long 25 Put + Short 35 Call cost = $26.37
Long Stock + Long 25 Put + Short 35 Call expected profit = 50% * $8.63 + 50% * -$1.37 = $3.63
Long Stock + Long 25 Put + Short 35 Call expected return = $3.63 / $26.37 = 13.77%

Any other strategy that delivers a higher expected rate of return
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