Midterm 3 Study Questions

1. TRUE/FALSE: The NPV of a project’s expected cashflows always equals the expectation of the project’s NPV over all scenarios.

2. Your company has identified a temporary competitive advantage in manufacturing computer memory chips.  You are considering making an investment of $1 billion in a chip fabrication facility that will last 10 years.  As long as your competitive advantage lasts, the cashflows from operating this facility will be $350 million per year.  Once your competitive advantage is over, the annual cashflows will instead be only $120 million.  The number of years the competitive advantage lasts is 1 with probability 25%, 2 with probability 50%, or 3 with probability 25%.  The following table represents the pattern of cashflows, depending on how long the competitive advantage lasts.  The discount rate is 14%.  Should your company go ahead with the investment or not?

	probability
	25%
	50%
	25%

	advantage
	1
	2
	3

	
	
	
	

	Year
	Cashflow

	0
	-1000
	-1000
	-1000

	1
	350
	350
	350

	2
	120
	350
	350

	3
	120
	120
	350

	4
	120
	120
	120

	5
	120
	120
	120

	6
	120
	120
	120

	7
	120
	120
	120

	8
	120
	120
	120

	9
	120
	120
	120

	10
	120
	120
	120


3. MULTIPLE CHOICE: You prepared a discounted cashflow analysis of a proposed investment to increase the efficiency of a production line and found an NPV of $150,000 given your cashflow projections.  Your boss then asked you to perform a scenario analysis to assess the risk of the project.  You considered four different scenarios and computed that the NPVs in these scenarios are $100,000, $50,000, negative $200,000, and $200,000.  Your boss then asked you whether the proposed project should be approved.  What is the best response to your boss’s question?

a) Approve the project because it has a positive NPV of $150,000.  Scenario analysis is irrelevant to the decision of whether or not to do the project.

b) Approve the project because NPV is positive in the majority of the scenarios.

c) Approve the project because the average NPV over all four scenarios is positive.

d) Do not approve the project because NPV is negative in one scenario.

e) It depends on the probabilities of these scenarios, and maybe of other scenarios.

4.  Leading Edge Razor Co. has a business that was previously projected to bring in $2 billion of cashflow per year, in perpetuity.  Rumor has it that a rival company is considering launching a competing razor in 3 years.  Leading Edge’s marketing analysts and razor engineers say, “The rival razor has an 80% probability of being a success, and 20% of being a failure.  If we do nothing, our cashflows in Year 4 and later will be $1 billion if the rival razor is a success, or $1.8 billion if it is a failure.  However, in either scenario, we also have the option to invest $3 billion at Year 3 to develop and market an improved version of our razor.  If we make this further investment, our cashflows in Year 4 and later will be $1.4 billion if the rival razor was a success, or $1.9 billion if it was a failure.”  However, Leading Edge managers realized they have another choice: they can wait for competition to arrive (with the results described above), or they can lower prices now and thus forestall competition.  With this alternative, cashflows starting in Year 1, and forever, will be only $1.5 billion, but the rival company will decide not to compete and these cashflows will be safe forever.  Which of the two alternatives is better, to do nothing until the competitor’s razor comes on the market, or to lower prices now and forestall competition?  The discount rate is 10%.

5. Each year that a compressor pump in a chemical factory is operational, it produces a cost savings of $25,000.  The pump is currently broken, and you have been told that it will not be replaced within the next three years.  This is because it is part of a chemical processing line that will be entirely replaced in three years.  Therefore, you are to study only the next three years in proposing a plan.  You can do nothing and leave the pump broken, fix it cheaply for $20,000, or fix it thoroughly for $50,000.  If you fix it thoroughly, it will continue to work for the next three years.  If you fix the pump cheaply, it will work for three years with probability 30%, but with probability 70% it will work for only one year.  In this case, when it breaks in one year, your only choice will be to leave it broken or to fix it thoroughly for $50,000 so that it works for the remaining two years.  The discount rate is 10%.  What should you do now, and why?

6. At the same time, your company and a rival are trying to develop the technology for the next generation of video gaming systems.  To pursue this project will require an investment of $10 million in research & development now.  In a year’s time, you will learn the results of your efforts.  There is a 40% probability that your new technology will be cool, a 40% probability that your new technology will be lame, and a 20% probability that it will not work at all.  If it does not work, the project is over and you get no further cashflows.  If your technology works, you can invest $50 million at Year 1 to produce gaming systems, in which case you will receive constant cashflows at Year 2 through Year 4.  The discount rate is 15%.  

The cashflow you get in Years 2-4 depends on your rival’s technology as expressed in the table below.  The probabilities in the table are for scenarios that feature the outcome for both technologies.  If your technology is cool, then there is a 60% probability that your rival’s technology is cool (in which case your cashflow is $25 million per year), and a 25% probability that your rival’s technology is lame, and a 15% probability that your rival’s technology fails.  If your technology is lame, then there is a 35% probability that your rival’s technology is cool, and a 40% probability that your rival’s technology is lame, and a 25% probability that your rival’s technology fails.  (It doesn’t matter what happens to your rival if your technology doesn’t work.)

	Your
	Rival 
	Your
	Scenario

	Technology
	Technology
	Cashflow
	Probability

	COOL
	COOL
	25
	24%

	COOL
	LAME
	40
	10%

	COOL
	DOESN'T WORK
	50
	6%

	LAME
	COOL
	8
	14%

	LAME
	LAME
	20
	16%

	LAME
	DOESN'T WORK
	40
	10%

	DOESN'T WORK
	0
	20%


6.1) You must make the decision whether to invest $50 million at Year 1 after you learn how good your technology is, but without knowing about your rival’s technology.  Would you invest at Year 1 if your technology is cool?  What if it is lame?  What is the project’s NPV?

6.2) Now suppose that you can learn about your rival’s technology at Year 1 before making the investment decision then.  There are thus 6 scenarios in which you have to decide whether to invest.  What is the project’s NPV?

7. Your company has been offered a contract by one of your customers.  If you accept it, you must invest $100 million at Year 0.  Every year that the contract continues, you will receive (net) cashflow C at the end of the year.  This cashflow C is currently uncertain (because your costs are uncertain) and you will learn it at Year 1 (when you receive it for the first time, if you accept the project).  At Year 1, one of the following four scenarios will occur:

· 15% probability: C = $40 million.  The client offers to extend the contract for one more year, and you must decide whether to accept the extension.

· 25% probability: C = $40 million.  The client does not offer to extend the contract, and the project ends at Year 1.

· 40% probability: C = $50 million.  The client offers to extend the contract for one more year, and you must decide whether to accept the extension.

· 20% probability: C = $50 million.  The client does not offer to extend the contract, and the project ends at Year 1.

If the project ends at Year 1 (either because the client does not offer to extend it, or because you decline to extend the project), you receive a salvage value of $60 million at Year 1.  If you accept the extension, the project ends at Year 2, and you receive C plus a salvage value of $25 million at Year 2.  The discount rate is 12%.  Should you accept the contract?  
8. For each of the following, say whether it is best described as a stock, a flow, or a trade, in the sense established in our class on financial markets.  XYZ Corporation announced that its earnings in the third quarter of 2009 were $1 billion.  Upon the news of this announcement, the share price of its stock went up from $80 per share to $85 per share.  Because there are 500 million shares of XYZ Corporation (traded on the New York Stock Exchange), its market capitalization went up from $40 billion to $42.5 billion.  Sid Irwin called his broker and sold 100 shares of XYZ Corporation for $8500.
1) The $1 billion is a…
2) The $42.5 billion is a…

3) The $8500 is a…
9. For each of the following, say whether it is best described as a stock, a flow, or a trade, in the sense established in our class on financial markets.  A tycoon bought a mansion on an Aegean island for $10 million from its previous resident, and paid a contractor $50,000 to build an opulent doghouse in the back yard.  
1) The $10 million is a…

2) The $50,000 is a…

10. In an effort to persuade Evanstonians that the presence of Northwestern University is beneficial to them, even though the university doesn’t pay property tax, the university paid a consulting company to come up with the largest possible estimate of the annual economic benefits that Northwestern’s presence generates for Evanston.  The consulting company seems to have defined “economic benefits” very broadly, to include such things as purchases the university makes from businesses located in Evanston.  Northwestern University’s annual budget is about $1½ billion.  Choose one of the following as your best estimate of the annual economic benefits.

a) $1.5 million

b) $15 million

c) $150 million

d) $1.5 billion

11. IBM is a profitable company with market capitalization $167 billion and 400,000 employees.  Choose one of the following as your best estimate of its revenues in 2008.

a) $1 billion

b) $10 billion

c) $100 billion

d) $1 trillion

12. Choose one of the following as your best estimate of the size of the Social Security trust fund.

a) $20 billion

b) $200 billion

c) $2 trillion

d) $20 trillion

13. Newnan et al., Chapter 9, Problem 65.
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SOLUTIONS
1. TRUE/FALSE: The NPV of a project’s expected cashflows always equals the expectation of the project’s NPV over all scenarios.

ANSWER: True.  Expectation is linear, and NPV is linear in the cashflows.

2. Your company has identified a temporary competitive advantage in manufacturing computer memory chips.  You are considering making an investment of $1 billion in a chip fabrication facility that will last 10 years.  As long as your competitive advantage lasts, the cashflows from operating this facility will be $350 million per year.  Once your competitive advantage is over, the annual cashflows will instead be only $120 million.  The number of years the competitive advantage lasts is 1 with probability 25%, 2 with probability 50%, or 3 with probability 25%.  The following table represents the pattern of cashflows, depending on how long the competitive advantage lasts.  The discount rate is 14%.  Should your company go ahead with the investment or not?

	probability
	25%
	50%
	25%

	advantage
	1
	2
	3

	
	
	
	

	Year
	Cashflow

	0
	-1000
	-1000
	-1000

	1
	350
	350
	350

	2
	120
	350
	350

	3
	120
	120
	350

	4
	120
	120
	120

	5
	120
	120
	120

	6
	120
	120
	120

	7
	120
	120
	120

	8
	120
	120
	120

	9
	120
	120
	120

	10
	120
	120
	120


ANSWER: The NPVs of the three scenarios are -$172M, $5M, and $160M.  For example, in the scenario of a 2-year competitive advantage, $5M = -1000 + 350/(1.14) + 350/(1.142) + (120/0.14)(1-1.14-8)/(1.142) because the annuity formula gives a present value as of Year 2, which must be discounted over 2 years back to Year 0.  The expected NPV = 25%*(-172)+50%*5+25%*160 = -$0.77M < 0, so the company should NOT go ahead with the investment. 

3. MULTIPLE CHOICE: You prepared a discounted cashflow analysis of a proposed investment to increase the efficiency of a production line and found an NPV of $150,000 given your cashflow projections.  Your boss then asked you to perform a scenario analysis to assess the risk of the project.  You considered four different scenarios and computed that the NPVs in these scenarios are $100,000, $50,000, negative $200,000, and $200,000.  Your boss then asked you whether the proposed project should be approved.  What is the best response to your boss’s question?

a) Approve the project because it has a positive NPV of $150,000.  Scenario analysis is irrelevant to the decision of whether or not to do the project.

b) Approve the project because NPV is positive in the majority of the scenarios.

c) Approve the project because the average NPV over all four scenarios is positive.

d) Do not approve the project because NPV is negative in one scenario.

e) It depends on the probabilities of these scenarios, and maybe of other scenarios.

ANSWER: (e).  The answer is not (a): scenario analysis is relevant to the decision because it helps you to assess the project’s risk (and it might help you to compute expected NPV).  You probably would not want to do a project with a small NPV if it carried a great amount of risk.  There is no mechanical rule (b,c,d) for deciding whether or not to do a project based on how many scenarios are good or how good they are.  In particular, in (c), averaging the NPVs over all scenarios is inappropriate: this would be like looking at the expected NPV, but only if the scenarios are equally likely, which was not stated.  
4.  Leading Edge Razor Co. has a business that was previously projected to bring in $2 billion of cashflow per year, in perpetuity.  Rumor has it that a rival company is considering launching a competing razor in 3 years.  Leading Edge’s marketing analysts and razor engineers say, “The rival razor has an 80% probability of being a success, and 20% of being a failure.  If we do nothing, our cashflows in Year 4 and later will be $1 billion if the rival razor is a success, or $1.8 billion if it is a failure.  However, in either scenario, we also have the option to invest $3 billion at Year 3 to develop and market an improved version of our razor.  If we make this further investment, our cashflows in Year 4 and later will be $1.4 billion if the rival razor was a success, or $1.9 billion if it was a failure.”  However, Leading Edge managers realized they have another choice: they can wait for competition to arrive (with the results described above), or they can lower prices now and thus forestall competition.  With this alternative, cashflows starting in Year 1, and forever, will be only $1.5 billion, but the rival company will decide not to compete and these cashflows will be safe forever.  Which of the two alternatives is better, to do nothing until the competitor’s razor comes on the market, or to lower prices now and forestall competition?  The discount rate is 10%.

Answer: First, decide whether to do nothing or lower prices.  If we decide to do nothing, then we observe whether the competitor’s razor is a success or failure.  In each of those two scenarios, we then get to make a separate decision as to whether to develop and market an improved version of our razor.

If we lower the prices now and forestall competition, the NPV is 

NPV = 1.5/10% = 15 (billion dollars).

If not, next suppose the competitor’s razor is a success.  If we then develop the new razor, our NPV at Year 3 is -3 + 1.4/0.1 = 11 billion.  If we do not, our NPV at Year 3 is 1/0.1 = 10 billion.  Therefore if the competitor’s razor is a success, we will choose to develop the new razor.

Now consider the scenario where the competitor’s razor is a failure.  If we then develop the new razor, our NPV at Year 3 is -3 + 1.9/0.1 = 16 billion.  If we do not, our NPV at Year 3 is 1.8/0.1 = 18 billion.  Therefore if the competitor’s razor is a failure, we will not develop the new razor.

The expected value of NPV in Year 3 over these two scenarios is 0.8 * 11 + 0.2 * 18 = 12.4 billion.  The total NPV in Year 0 if we do not lower prices now is 2/1.1 + 2/(1.1^2) + (2 + 12.4)/(1.1^3) = 14.29 billion.

Thus to lower prices now and forestall competition is BETTER than to do nothing until the competitor’s razor comes on the market (15 > 14.29).
5. Each year that a compressor pump in a chemical factory is operational, it produces a cost savings of $25,000.  The pump is currently broken, and you have been told that it will not be replaced within the next three years.  This is because it is part of a chemical processing line that will be entirely replaced in three years.  Therefore, you are to study only the next three years in proposing a plan.  You can do nothing and leave the pump broken, fix it cheaply for $20,000, or fix it thoroughly for $50,000.  If you fix it thoroughly, it will continue to work for the next three years.  If you fix the pump cheaply, it will work for three years with probability 30%, but with probability 70% it will work for only one year.  In this case, when it breaks in one year, your only choice will be to leave it broken or to fix it thoroughly for $50,000 so that it works for the remaining two years.  The discount rate is 10%.  What should you do now, and why?

Answer: We should fix the pump cheaply now because that decision results in the highest expected net present value, as seen from the following decision tree.
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6. At the same time, your company and a rival are trying to develop the technology for the next generation of video gaming systems.  To pursue this project will require an investment of $10 million in research & development now.  In a year’s time, you will learn the results of your efforts.  There is a 40% probability that your new technology will be cool, a 40% probability that your new technology will be lame, and a 20% probability that it will not work at all.  If it does not work, the project is over and you get no further cashflows.  If your technology works, you can invest $50 million at Year 1 to produce gaming systems, in which case you will receive constant cashflows at Year 2 through Year 4.  The discount rate is 15%.  

The cashflow you get in Years 2-4 depends on your rival’s technology as expressed in the table below.  The probabilities in the table are for scenarios that feature the outcome for both technologies.  If your technology is cool, then there is a 60% probability that your rival’s technology is cool (in which case your cashflow is $25 million per year), and a 25% probability that your rival’s technology is lame, and a 15% probability that your rival’s technology fails.  If your technology is lame, then there is a 35% probability that your rival’s technology is cool, and a 40% probability that your rival’s technology is lame, and a 25% probability that your rival’s technology fails.  (It doesn’t matter what happens to your rival if your technology doesn’t work.)

	Your
	Rival 
	Your
	Scenario

	Technology
	Technology
	Cashflow
	Probability

	COOL
	COOL
	25
	24%

	COOL
	LAME
	40
	10%

	COOL
	DOESN'T WORK
	50
	6%

	LAME
	COOL
	8
	14%

	LAME
	LAME
	20
	16%

	LAME
	DOESN'T WORK
	40
	10%

	DOESN'T WORK
	0
	20%


6.1) You must make the decision whether to invest $50 million at Year 1 after you learn how good your technology is, but without knowing about your rival’s technology.  Would you invest at Year 1 if your technology is cool?  What if it is lame?  What is the project’s NPV?

Answer: 
The decision tree for this problem can be listed as follows:

[image: image1]    Where the NPVs for the scenarios at Year 1 are as follows

NPV1 = 25/0.15*[1 – (1+0.15)-3] = 57.08 (million dollars)

NPV2 = 40/0.15*[1 – (1+0.15)-3] = 91.33 (million dollars)

NPV3 = 50/0.15*[1 – (1+0.15)-3] = 114.16 (million dollars)

NPV4 = 8/0.15*[1 – (1+0.15)-3] = 18.27 (million dollars)

NPV5 = 20/0.15*[1 – (1+0.15)-3] = 45.66 (million dollars)

NPV6 = 40/0.15*[1 – (1+0.15)-3] = 91.33 (million dollars)

Thus we have the following decision tree


[image: image2]
Thus from above decision tree 

We SHOULD invest at Year 1 if the technology is cool. 

We should NOT invest at Year 1 if the technology is lame. 

The project’s NPV is -1.58 million dollars.

6.2) Now suppose that you can learn about your rival’s technology at Year 1 before making the investment decision then.  There are thus 6 scenarios in which you have to decide whether to invest.  What is the project’s NPV?

Answer: 

The decision tree for this problem can be listed as follows


[image: image3]
From 6.1, we have the following decision tree: 


[image: image4]
Thus the project’s NPV is

[40%*24.2+40%*10.3+20%*0]/1.15 – 10 = 2.01 (million dollars)

7. Your company has been offered a contract by one of your customers.  If you accept it, you must invest $100 million at Year 0.  Every year that the contract continues, you will receive (net) cashflow C at the end of the year.  This cashflow C is currently uncertain (because your costs are uncertain) and you will learn it at Year 1 (when you receive it for the first time, if you accept the project).  At Year 1, one of the following four scenarios will occur:

· 15% probability: C = $40 million.  The client offers to extend the contract for one more year, and you must decide whether to accept the extension.

· 25% probability: C = $40 million.  The client does not offer to extend the contract, and the project ends at Year 1.

· 40% probability: C = $50 million.  The client offers to extend the contract for one more year, and you must decide whether to accept the extension.

· 20% probability: C = $50 million.  The client does not offer to extend the contract, and the project ends at Year 1.

If the project ends at Year 1 (either because the client does not offer to extend it, or because you decline to extend the project), you receive a salvage value of $60 million at Year 1.  If you accept the extension, the project ends at Year 2, and you receive C plus a salvage value of $25 million at Year 2.  The discount rate is 12%.  Should you accept the contract?  

Answer: The decision tree is:

[image: image5]
The NPVs for each scenario as of Year 1 can be calculated as 

NPV4.1 = (40+25)/1.12 = 58.04

NPV4.2 = 60

NPV4.3 = (50+25)/1.12 = 66.96

NPV4.4 = 60

Thus we have the following decision tree:

[image: image6]
The NPV of this project as of year 0 is 

NPV = 15%*(-10.7) + 25%*(-10.7) + 40%*4.4 + 20%*(-1.8) = -2.9 (million dollars)

Since NPV < 0, we should NOT accept the contract.

Another way to perform the final calculation: 

The expected value of NPV at year 1 (including the cashflow received at that time) is 15% * (40+60) + 25% * (40+60) + 40% * (50+66.96) + 20% * (50 + 60) =  108.78.

Then the NPV at year 0 is -100 + 108.78/1.12 = -2.87.

8. For each of the following, say whether it is best described as a stock, a flow, or a trade, in the sense established in our class on financial markets.  XYZ Corporation announced that its earnings in the third quarter of 2009 were $1 billion.  Upon the news of this announcement, the share price of its stock went up from $80 per share to $85 per share.  Because there are 500 million shares of XYZ Corporation (traded on the New York Stock Exchange), its market capitalization went up from $40 billion to $42.5 billion.  Sid Irwin called his broker and sold 100 shares of XYZ Corporation for $8500.
1) The $1 billion is a FLOW.  (The book value of XYZ Corporation increased by $1 billion as a result of what happened during the third quarter of 2009.)

2) The $42.5 billion is a STOCK.  (The market capitalization is a valuation of XYZ Corporation as whole, representing the results of all the investments ever made in it.)

3) The $8500 is a TRADE.  (Sid exchanges shares worth $8500 for 8500 dollars, with somebody else whom his broker finds to buy the shares.  Nothing happens in the real economy.)
9. For each of the following, say whether it is best described as a stock, a flow, or a trade, in the sense established in our class on financial markets.  A tycoon bought a mansion on an Aegean island for $10 million from its previous resident, and paid a contractor $50,000 to build an opulent doghouse in the back yard.  

1) The $10 million is a TRADE.  (This is an exchange of an asset for money; there is still the same mansion there as before.)

2) The $50,000 is a FLOW.  (The housing STOCK on the island has increased from 1 mansion to 1 mansion + 1 doghouse; the increase of 1 doghouse costing $50,000 is a FLOW.)

10. In an effort to persuade Evanstonians that the presence of Northwestern University is beneficial to them, even though the university doesn’t pay property tax, the university paid a consulting company to come up with the largest possible estimate of the annual economic benefits that Northwestern’s presence generates for Evanston.  The consulting company seems to have defined “economic benefits” very broadly, to include such things as purchases the university makes from businesses located in Evanston.  Northwestern University’s annual budget is about $1½ billion.
ANSWER: The consulting company estimated annual benefits of about $150 million.  This is about 1/10 of Northwestern’s budget and about $2,000 per Evanstonian, so it is on a sensible scale.  
Many Evanstonians scoffed at the $150 million as a misleading number in the context of a debate about property taxes.  The university mailed to every household in Evanston a copy of the Northwestern Observer containing an article about the findings of the consulting company’s study, but it didn’t seem to improve town-gown relations.

11. IBM is a profitable company with market capitalization $167 billion and 400,000 employees.  Estimate its revenues in 2008.

ANSWER: $100 billion.  This is $250,000 per employee, which is sensible because IBM is largely a services company and the average employee earns a substantial fraction of $250,000, but less than that.  Revenue of $10 billion would correspond to $25,000 per employee, which would entail huge lossess for IBM.  Revenue of $1 trillion would be the same order of magnitude as the U.S. federal government.
12. Estimate the size of the Social Security trust fund.

ANSWER: About $2 trillion, or several thousand dollars per person in the U.S.  $20 trillion would be more than the whole U.S. federal debt (which is what the trust fund is invested in).  $200 billion would be a mere several hundred dollars per person, which would be quite inadequate to the purpose.

13. The present value of the costs of Plan A is $100,000.  The present value of the costs of Plan B is $80,000 + $40,000/(1.08n).  The break-even number of years n solves $20,000 = $40,000/(1.08n), i.e. 2 = 1.08n, i.e. n = log(2)/log(1.08) = 9.
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