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Columbia University
B6015 - Spring 2007
Decision Models

Professors Juran, Muharremoglu, Riccio and Savin 

Practice Final Examination

Instructions

· This examination is open book and open notes. The examination will last exactly four hours. 

· Please write all your answers in a separate Word document and submit it to Exam Depot. Show and explain your work. Points will be deducted for solutions that are not clearly explained. 

· Each question must be answered in words and also must include an image of the optimized spreadsheet (as shown below).  
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1. ACE Manufacturing

The Ace Manufacturing Company produces three lines of its product: the regular, the super and the maxi.  The company’s products are in such demand that it can sell as much as it can produce of its products.  The profit contribution and resource requirements are as follows:

	
	Regular
	Super
	Maxi

	Profit Contribution
	$50
	$75
	$100

	Assembly time used per item produced (hrs)
	1.2
	1.6
	2.1

	Paint time use per item produced (hrs)
	0.8
	1.0
	1.4

	Inspection time used per item produced (hrs)
	0.2
	0.2
	0.4


There are 1,600 hours of assembly time available per week, 700 hours of paint time, and 300 hours of inspection time.  The company has orders from customers that it has agreed to fill: orders for 150 regulars, 90 supers, and 20 maxis. Assume that company can produce fractional amounts of each product. 

a) Consider a problem of establishing the number units of each line that company should produce to maximize its profit. Define and give a brief explanation of the decision variables. Define and give a one-sentence explanation of the objective function. Define a give a one-sentence explanation for each of the constraints.

b) Solve the profit maximization problem in Excel.  What is the optimal solution and optimal profit?
c) It is possible for Ace to acquire an additional 200 hours of paint time at a cost of $60/hour by outsourcing to a local business.  Should Ace acquire some or all of this additional available paint time? Why or why not? Be specific (use the sensitivity report if possible).

2. Money Co.

MoneyCo has $1,000,000 available to invest in the beginning of year 1. There are five bonds A, B, C, D, and E that the company is considering investing in, and the cash flows for each of these bonds over the next four years is given in the table below.  (Assume all transactions occur on the first day of the year and today is the first day of year 1.) For example, every dollar invested in A in year 1 yields $1.40 at the beginning of year 4.  In addition to these bonds, MoneyCo can invest as much of the money available each year in a CD.  The CD pays a 5.0% annual interest rate. Assume it can put no more than $500,000 in any one bond (the amount in the CD in unlimited). 

	
	A
	B
	C
	D
	E

	Year 1
	-1.00
	-1.00
	-1.00
	
	

	Year 2
	
	+1.15
	
	
	-1.00

	Year 3
	
	
	+1.28
	-1.00
	

	Year 4
	+1.40
	
	
	+1.15
	+1.32


a) Formulate a decision model to help MoneyCo maximize its available cash at the beginning of year 4.  Assume bonds can be bought in any fractional amount.  Define all decision variables.  Explain the objective function and constraints.  It is strongly recommended that you use units of “millions of dollars” and not “dollars”!
b) Using Excel solve the model you formulated in a).  How much money can MoneyCo generate for year 4 under an optimal plan? How much is invested in the different bonds under the optimal plan?

c) Now assume MoneyCo is restricted to invest in any bonds so long as the amount invested is a multiple of $100,000 (either $0, $100,000, $200,000, etc…).  How would you model this requirement? (Explain in words). Change your spreadsheet model and resolve the problem using Excel. What is the new optimal plan? How much money can be generated in year 4 in this case?

3. Gotham City REIT 
A real estate investment trust (REIT), Gotham City Development (GCD), owns an apartment complex with 100 luxury rental units. They anticipate they will have 35 units available for lease next year. (The remaining 65 units will remain rented to current tenants.) GCD has an annual mortgage payment on the building of $2,000,000 per year. In addition, the annual variable maintenance cost per rented apartment is estimated at $4,000. For next year, the rent that current tenants pay will be $2,400 per month due to rent control restrictions. However, GCD is free to charge new tenants higher rents. 

GCD is trying to decide how much rent to charge new tenants. They are considering two proposals.

The first proposal is to charge new tenants the same monthly rent of $2,400 as old tenants. The proponents of this plan feel the economy is weak and that it is safer not to raise rents aggressively in the current environment.

The second proposal is to raise rents for new tenants to $2,700 per month. Proponents of this plan believe that even though the economy is soft, the extra revenue will partially offset any potential drop in demand. Moreover, if demand is greater than expected, GCD will benefit significantly from having the higher rents.

GCD’s analysts’ estimate that the number of units demanded next year would be 35 if the monthly rent is $2,400 and only 30 if the monthly rent is $2,700. However, there is considerable uncertainty about these estimates. Hence, they have proposed the following model of demand
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where 
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 is the demand at $2,400, 
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 is the demand at $2,700 and  
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 is a normally distributed random variable with mean zero and a standard deviation of 12. Note that the demand may take on fractional values, reflecting the fact that some of the apartments may be rented only for a fraction of a year. If the demand happens to be greater than the number of available rental units, the extra potential renters are lost.   

a) Suppose that GCD decided to charge a rent $2,400 and the demand for units turns out to be 36.5. How much annual profit would GCD derive in this case?
b)  Develop a spreadsheet model to analyze GCD’s problem using Monte-Carlo simulation. Describe your assumption cells (probability distribution and parameters) and forecast cells. Write down the formulae describing the relationship between assumption and forecast cells. 
c) Use a Crystal Ball simulation with 1,000 trials, a seed of 123 and “Monte Carlo” sampling to compare the mean profit under the two proposals. In particular, for each policy, give the estimate of the expected profit and its mean standard error. Based only on the mean profit, which proposal is best? 
d) GCD is also concerned about the potential risk of losses. To assess this risk, they want to estimate the 95% Value-at-Risk (VaR) for each proposal. Using your simulation results, provide an estimate of the 95% VaR. Briefly describe how you obtained your estimate from the simulation output - e.g. what forecast windows, or charts you looked at and how you manipulated them to get your result. What do your results suggest about the relative risk of the two proposals?
e) GCD would like to know the probabilities of having any vacant apartments under the two proposals. Modify your model to estimate these probabilities. Explain any changes/additions to your model. Run the simulation and report the resulting estimated probabilities. 
4. Trusty BankCo

Trusty BankCo has approached Lakefield Oil about a new contract based on the price of crude oil over the next month.  Lakefield Oil purchases crude oil daily for its refining operations.  Rather than protect Lakefield against price increases, this new “perfect foresight” contract allows Lakefield to buy all of its crude oil in the coming month at the lowest daily closing price that occurs in the month.

More precisely, suppose that the current price of oil is P0 = $17 and the daily prices over the next twenty days are denoted P1, (, P20.  If Lakefield does not enter into any contract with Trusty BankCo, Lakefield will pay an average price per barrel of A = (P1 + ( P20) / 20.  Let M = min(P1, (,P20) denote the minimum price in the coming month.  At the end of the month with the “perfect foresight” contract, Trusty BankCo will pay Lakefield A – M per barrel.  For example, suppose that A turns out to be $17.75 and M is $16.60. Without the contract, Lakefield's average cost per barrel would be $17.75.  With the contract, Lakefield still pays an average cost of $17.75, but then Trusty BankCo would pay Lakefield $1.15 per barrel at the end of the month, thus reducing Lakefield's cost to $16.60 per barrel.

Of course, Trusty BankCo is going to charge Lakefield for this perfect foresight contract.  In order to analyze the situation, an Excel/Crystal Ball spreadsheet model was created.  Just as in the class notes, the daily return of crude oil is assumed to be normally distributed with a mean of 0% and a standard deviation of 1.15% (and returns on different days are assumed to be independent).  See Figure 3.1 for the spreadsheet.  The simulation is run for 500 trials with a seed of 123.  The results are shown in Table 3.1 and in the figures that follow. 
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BLAND.XLS

Bland Brewery Production Problem

Product:

Ale

Beer

Total

Barrels to Produce:

12

28

Profit:

Profit per Barrel:

$13

$23

$800

Product Ingredient Requirements

Total

Quantity

Ingredients:

Ale

Beer

Usage

Available:

Corn (lbs)

5

15

480

<=

480

Hops (ozs)

4

4

160

<=

160

Malt (lbs)

35

20

980

<=

1190

Objective Function

=SUMPRODUCT(C4:D4,C5:D5)

Decision Variables

C4:D4

=SUMPRODUCT($C$4:$D$4,C11:D11)



Figure 3.1
Table 3.1.

Statistics for Forecast Cell E11 

Trials
500

Mean
0.5780

Median
0.5277

Mode
---

Standard Deviation
0.2464

Variance
0.0607

Skewness
1.0492

Kurtosis
4.2504

Coeff. Of Variability
0.4263

Range Minimum
0.1613

Range Maximum
1.5922

Range Width
1.4309

Mean Std. Error
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FINQ3.XLS

Initial Oil Price

$17.00

Mean daily oil return

0.00%

Average Price

Std dev daily oil return

1.15%

16.43

Day

Oil Return

Oil Price

Minimum price

1

0.64%

17.11

16.00

2

-0.81%

16.97

3

0.69%

17.09

Payout

4

-0.83%

16.95

0.43

5

-2.27%

16.56

6

1.62%

16.83

7

-2.45%

16.42

8

0.11%

16.43

9

-0.07%

16.42

10

-1.35%

16.20

11

-1.08%

16.02

12

0.53%

16.11

13

0.44%

16.18

14

-0.08%

16.17

15

0.91%

16.31

16

0.50%

16.40

17

-1.26%

16.19

18

0.35%

16.24

19

-1.08%

16.07

20

-0.44%

16.00
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(a) Based on these simulation results, roughly what fraction of the time is the average price, A, more than $0.30 above the minimum price, M?

(b) Based on these simulation results, what is the average payment that Trusty BankCo will make to Lakefield under this contract?

(c) Based on these simulation results, give a 95% confidence interval for the average payment.

(d) Suppose that Trusty wants a 95% confidence interval for the average payment with a width of $0.004.  How many simulation trials would be needed to give a 95% confidence interval of the form [a, b], where b - a = 0.004?

(e) Suppose that Trusty charges Lakefield a cost of C dollars (per barrel) for the contract.  Trusty wants to choose C so that their average profit is at least $0.10 (per barrel).  Also, Trusty wants to have a 75% probability of making a profit of at least $0.05 (per barrel).  What is the smallest amount C that Trusty can charge that satisfies these requirements?  (Base your answer on the results of the 500 simulation trials given, i.e., ignore any effects of simulation error in your answer.)

Forecast Cell:


Payout,  Units: $

















=AVERAGE(C8:C27)








=C13*(1+B14).  


This formula is copied to cells C9:C27.  


The formula in cell C8 is =C3*(1+B8).





=E5-E8





=MIN(C8:C27)











Assumption Cells: B8:B27


Normal distribution


Mean=C4, Stdev=C5
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