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1.  WRITE ALL YOUR ANSWERS ON THE QUESTION SHEETS.  Answers written in the blue book will not be evaluated.
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4.  After you have completed the exam, please fill out the study group evaluation form on the last page.


5.  Good luck!
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1.
(25 points)  Note that a COMPUTER IS NEEDED to answer parts (b) and (c) of this question.
A distributor of toys is analyzing its strategy for assembling Jiffy Joiner sets for the upcoming holiday season.  They assemble  two kinds of sets.  The “Big” set is composed of  60 sticks and 30 connectors, while the “Tot” set is composed of 30 sticks and 20 connectors.  For this season they have already purchased 60,000 connectors at a unit cost of $0.10 and 93,000 sticks at a unit cost of $0.04.  Moreover, any unused sticks and connectors will have no salvage value.  The distributor will be able to sell all that is assembled of either set.

Define decision variables for this model as follows:


B  
=
number of “Big” sets to assemble,


T
=
number of “Tot” sets to assemble,


S
=
number of sticks actually used,


C
=
number of connectors actually used.

a)  (5 points).  The feasible region (set of all feasible solutions) of the planning problem is adequately described by (circle ALL correct answers):



(i)
B 
=
60S + 30C




(ii)
B
=
S/60 + C/30


T 
=
30S + 20C





T
=
S/30 + C/20

C
(
60,000






C
(
60,000

S
(
93,000






S
(
93,000

B,T,C,S
(
0





B,T,C,S
(
0

(iii)
30B + 20T
(
60,000


(iv)

none of the above

60B + 30T
(
93,000

B,T

(
0

b)  (15 points).  Use Excel to find the optimal solution to the following linear programming model.  (If you have trouble translating this algebraic model into a spreadsheet model think of three products, X, Y and Z, with profit contributions of 10, 12 and 8, and four constraints on the decision variables, in addition to non-negativity constraints.)

Max  10X + 12Y + 8Z

Subject to:




3Y
+
7Z
(
20

  3X
+ 
5Y
+
2Z
(
15






  4X          
+ 
2Z
(
30

 -2X
+ 
4Y


(
25  
















X,Y,Z
(
0


Continued…..

From your computer solution reports, give the following values for the optimal solution:


Optimal objective function value:

___________


Value of X in optimal solution:

___________


Value of Y in optimal solution:

___________


Value of Z in optimal solution:

___________


Reduced cost for the Y variable:

___________

What is the interpretation of the number you have just written down ( i.e. the reduced cost for the Y variable?

c)  (5 points).  Find the optimal solution to the model in part (b), where now the decision variables are restricted to take on integer values 0, 1, 2, 3, ….


Optimal objective function value:
_____________


Value of X in optimal solution:

_____________


Value of Y in optimal solution:

_____________


Value of Z in optimal solution:

_____________

2.
(25 points)

Note that a computer is NOT needed to answer this question.

Mr. Francis Rhoden is the manager of the Zircon company pension fund.  Actuaries have estimated the total pension liabilities for the next eight years as shown in Table 1.  For example, in year 2, $3,000,000 of pension benefits will need to be paid to retired Zircon employees.







Table 1.  Zircon Pension Liabilities by Year (in $1000’s)

	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Year 6
	Year 7
	Year  8

	2,000
	3,000
	5,000
	8,000
	6,000
	5,000
	4,000
	3,000


Using pension fund assets available today, Mr. Rhoden would like to purchase the minimum cost bond portfolio which meets all the pension liabilities for the next eight years.  The bonds available for purchase are given in Table 2.  All bonds pay annual coupons and have a face amount of $100.  For example, bond 3 costs $99 today, and it pays back $3.00 in year 1, $3.00 in year 2, and $103.00 in year 3.  All six bonds are widely available, and can be purchased in any quantity at the stated price.








Table 2.  Description of Available Bonds

	
	Bond 1
	Bond 2
	Bond 3
	Bond 4
	Bond 5
	Bond 6

	Price
	100
	98
	99
	103
	105
	109

	Annual coupon
	4
	3.5
	3
	5
	7.5
	8

	Maturity (year)
	1
	2
	3
	4
	5
	7


In formulating the decision model, Francis conservatively assumes that any excess cash can be reinvested from one year to the next at 3% interest.   The optimized spreadsheet is given in Figure 1.  (Please be aware of the units used in the spreadsheet.)  The sensitivity report is given in Figure 2.

	
	A
	B
	C
	D
	E
	F
	G
	H

	1
	Pension Planning Spreadsheet
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	Total cost
	
	28160.72
	
	Reinvest. rate....
	1.03
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	Bond 1
	Bond 2
	Bond 3
	Bond 4
	Bond 5
	Bond 6

	6
	Number to purchase
	3.01
	46.89
	0.00
	64.77
	91.58
	64.01

	7
	Bond price
	
	100
	98
	99
	103
	105
	109

	8
	Annual coupon
	4
	3.5
	3
	5
	7.5
	8

	9
	Maturity (in years)
	1
	2
	3
	4
	5
	7

	10
	
	
	
	
	
	
	
	

	11
	
	Year
	
	Cash flow per bond
	
	
	

	12
	
	1
	104
	3.5
	3
	5
	7.5
	8

	13
	
	2
	0
	103.5
	3
	5
	7.5
	8

	14
	
	3
	0
	0
	103
	5
	7.5
	8

	15
	
	4
	0
	0
	0
	105
	7.5
	8

	16
	
	5
	0
	0
	0
	0
	107.5
	8

	17
	
	6
	0
	0
	0
	0
	0
	8

	18
	
	7
	0
	0
	0
	0
	0
	108

	19
	
	8
	0
	0
	0
	0
	0
	0

	20
	
	
	
	
	
	
	
	

	21
	
	Cash
	Reinvest
	   Surplus
	    Net
	
	
	

	22
	
	from     +
	cash prev
	-  cash
	=  cash
	
	Pension
	

	23
	Year
	bonds
	year
	   this year
	    in
	
	liabilities
	

	24
	1
	2000.00
	0
	0.00
	2000.00
	
	2000
	

	25
	2
	6375.94
	0
	3375.94
	3000.00
	
	3000
	

	26
	3
	1522.78
	3477.219
	0.00
	5000.00
	
	5000
	

	27
	4
	8000.00
	0
	0.00
	8000.00
	
	8000
	

	28
	5
	10357.24
	0
	4357.24
	6000.00
	
	6000
	

	29
	6
	512.05
	4487.954
	0.00
	5000.00
	
	5000
	

	30
	7
	6912.62
	0
	2912.62
	4000.00
	
	4000
	

	31
	8
	0.00
	3000
	0.00
	3000.00
	
	3000
	


Figure 1.  Optimized Spreadsheet

	Microsoft Excel 5.0c Sensitivity Report
	
	
	
	

	Worksheet: [Book1]Sheet1
	
	
	
	
	

	Report Created: 6/18/97 14:56
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Changing Cells
	
	
	
	
	

	
	
	
	Final
	Reduced
	Objective
	Allowable
	Allowable

	
	Cell
	Name
	Value
	Cost
	Coefficient
	Increase
	Decrease

	
	$C$6
	Number to purchase Bond 1
	3.01
	0.00
	100
	1164.39
	1.99

	
	$D$6
	Number to purchase Bond 2
	46.89
	0.00
	98
	1.95
	1.25

	
	$E$6
	Number to purchase Bond 3
	0.00
	1.94
	99
	1.00E+30
	1.94

	
	$F$6
	Number to purchase Bond 4
	64.77
	0.00
	103
	1.31
	10.08

	
	$G$6
	Number to purchase Bond 5
	91.58
	0.00
	105
	10.74
	4.67

	
	$H$6
	Number to purchase Bond 6
	64.01
	0.00
	109
	5.10
	68.67

	
	$D$24
	   this year
	0.00
	0.02
	0
	1.00E+30
	0.02

	
	$D$25
	   this year
	3375.94
	0.00
	0
	0.02
	0.01

	
	$D$26
	   this year
	0.00
	0.01
	0
	1.00E+30
	0.01

	
	$D$27
	   this year
	0.00
	0.10
	0
	1.00E+30
	0.10

	
	$D$28
	   this year
	4357.24
	0.00
	0
	8.84
	0.05

	
	$D$29
	   this year
	0.00
	0.05
	0
	1.00E+30
	0.05

	
	$D$30
	   this year
	2912.62
	0.00
	0
	1.00E+30
	0.64

	
	$D$31
	   this year
	0.00
	0.62
	0
	1.00E+30
	0.62

	
	
	
	
	
	
	
	

	Constraints
	
	
	
	
	

	
	
	
	Final
	Shadow
	Constraint
	Allowable
	Allowable

	
	Cell
	Name
	Value
	Price
	R.H. Side
	Increase
	Decrease

	
	$E$24
	    in
	2000
	0.962
	2000
	1.00E+30
	313.10

	
	$E$25
	    in
	3000
	0.914
	3000
	9258.89
	4853.16

	
	$E$26
	    in
	5000
	0.888
	5000
	9536.66
	3477.22

	
	$E$27
	    in
	8000
	0.849
	8000
	7044.67
	6801.08

	
	$E$28
	    in
	6000
	0.725
	6000
	5048.68
	9845.19

	
	$E$29
	    in
	5000
	0.704
	5000
	5200.14
	4487.95

	
	$E$30
	    in
	4000
	0.636
	4000
	5513.24
	6912.62

	
	$E$31
	    in
	3000
	0.617
	3000
	5678.63
	3000.00


Figure 2.  Sensitivity Analysis

a)
(4 points)  In the spreadsheet in Figure 1, what formula should appear in cell B24 so that it can be copied to B25 to B31?

b)  (3 points)  What is the optimal cost of meeting the pension liabilities in DOLLARS?




c)  (6 points)  Specify all constraints of the model (using the usual spreadsheet notation, e.g., A1:A3 (  C1:C3).






d)  (4 points)  The formula in cell C12 in Figure 1 is





=IF($B12 <=  C$9,C$8,0) + IF($B12 = C$9,100,0).

This formula is copied through the range C12:H19 to determine the cash flows per bond.  Does this formula make the decision model nonlinear, or does the model remain linear?  Circle the correct answer and briefly explain:





Linear


Nonlinear

Brief explanation:  (In your explanation, describe the role of the IF statements?)

e)  (4 points)  Suppose the pension liability in year 1 is re-estimated to be $1,500,000.  Is it possible to determine the new optimal cost of meeting the pension liabilities without re-solving the decision model?

Yes



No

If it is possible, explain why and give the new optimal cost in dollars.  If it is not possible, briefly explain why.

f)  (4 points)  What selling price for bond 3 would make it optimal for bond 3 to be included in the optimal portfolio?






3.
(25 points)

Ann McKinnell has $234,000 available for investment this year.  One year from now, Ann will need to make a payment of $200,000 to pay back a bank loan.  She would like to structure an investment portfolio so that the average value of her portfolio is as large as possible, while being fairly certain of being able to pay back the loan.



Ann is considering buying shares in an S&P500 index fund.  The current price of the fund is $780 per share.  She believes that the return on the fund over the year will be normally distributed with a mean of 15% and a standard deviation of 34%.  In addition, Ann is considering the purchase of 10 year zero coupon government bonds, each with a face amount of $1,000.  The bond is currently yielding 6.76%, and its price is $519.89 (1000/1.067610 ).  Ann believes that the change in yield over the year can be modeled by the normal distribution with a mean of zero and a standard deviation of 1.2%.  Also the return on the S&P500 fund and the bond yield change have a correlation of -50%.



Mary is trying to choose between two investment portfolios.  Portfolio A is fully invested in the stock fund - i.e. 300 shares of the fund.  Portfolio B is comprised of 100 shares of the fund and 300 bonds.  (Note that the initial value of portfolio B is a little less than $234,000.  Ignore this difference in the rest of the question.)

a)  (7 points)
Let R denote the random S&P500 return and let (y denote the random yield change of the bond over the past 10 years.  Fill in the portfolio values one year from now using the following set of random outcomes.  Give a formula (using the variable names “R” and “(y” in your formula) for the value of portfolio A one year from now.  Also give a formula from the value of portfolio B one year from now.

	Trial
	R
	(y
	Portfolio A
	Portfolio B

	1
	36%
	0.13%
	
	

	2
	-23%
	0.60%
	
	

	3
	-18%
	2.8%
	
	

	4
	28%
	-1.8%
	
	


Formula for portfolio A value:

Formula for portfolio B value:











b)  (3 points)
Using your results from (a), estimate the expected value of the two portfolios at the end of the year.








c)  (5 points)
Again using your results from (a), give 90% confidence intervals for the average value of the two portfolios at the end of the year.  For simplicity, use the appropriate z-value for the confidence interval, even though the sample is small.)











d)  (4 points)
Using only your results from (a), estimate the probability that the value of portfolio A is less than $200,000 one year from now.  Do the same for portfolio B.






e)  (6 points)
Ann is now considering a third portfolio (portfolio C) which includes put options on the S&P500 fund.  Specifically, each put option costs $71 and has a strike of $740.  Portfolio C consists of 275 shares of the S&P500 fund and 275 put options (no bonds).  Complete the following table for portfolio C and give the appropriate formula.

	Trial
	R
	(y
	Portfolio C

	1
	36%
	0.13%
	

	2
	-23%
	0.60%
	

	3
	-18%
	2.8%
	

	4
	28%
	-1.8%
	


Formula for portfolio C value:

2
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