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B6015: Decision Models

Summer 2000

Solution to Homework Assignment #2

1. MoneyCo Bond Investment Problem.

a) Excel Spreadsheet: MONEYCO.XLS.  

We assume that all transactions occur at the beginning of the year.

Decision Variables:  

XA = millions of $ invested in Bond A, 

XB = millions of $ invested in Bond B, 

XC = millions of $ invested in Bond C, 

XD = millions of $ invested in Bond D, 

XE = millions of $ invested in Bond E. 

We also define variables for the amount of money put into CDs at the beginning of each year.  That is, let Ci = millions of $ available to invest in CDs at the beginning of year i, for i=1,2,3,4. 

Objective Function:  The objective function is to maximize the amount of cash available at the beginning of year 4, which is C4.  

Constraints: The constraints are of the “flow in = flow out” type.  The amount of cash available is equal to the amount invested in bonds plus the amount invested in CDs.  Or put another way, the amount of cash available minus the amount invested in bonds is equal to the amount invested in CDs.  That is:

 (amount available – amount invested in bonds = amount invested in CDs)


(Year 1) 

1 ( XA ( XB ( XC  = C1  

(Year 2) 

1.15 XB  + 1.05 C1 ( XE  = C2


(Year 3) 

1.28 XC + 1.05 C2 ( XD = C3 


(Year 4) 

1.40 XA + 1.15 XD +1.32 XE + 1.05 C3 = C4
In addition, no more than $500,000 can be invested in any one bond.  Thus:


(Limits)

 XA ( 0.5,  XB ( 0.5,  XC ( 0.5,  XD ( 0.5,  XE ( 0.5.

Of course, each decision variable should be non-negative, i.e., Xi ( 0,  Ci ( 0.
The complete linear program to determine the maximum amount of cash the company can generate in year 4 is:

Max         C4
subject to


(Year 1) 
1 ( XA ( XB ( XC  = C1  

(Year 2) 
1.15 XB  + 1.05 C1 ( XE  = C2


(Year 3) 
1.28 XC + 1.05 C2 ( XD = C3 


(Year 4) 
1.40 XA + 1.15 XD +1.32 XE + 1.05 C3 = C4

(Limits)
XA ( 0.5,  XB ( 0.5,  XC ( 0.5,  XD ( 0.5,  XE ( 0.5.

XA ( 0,   XB ( 0,   XC( 0,   XD( 0,   XE ( 0 

C1 ( 0,   C2 ( 0,   C3 ( 0,   C4 ( 0
In Excel, the optimized spreadsheet looks like so:
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The Solver Parameters are:


(a) MoneyCo can generate $1,479,000 at the beginning of year 4.  To do this, they must invest:

  
$175,000 in Bond A, 

$435,000 in Bond B, 

$391,000 in Bond C, 

$500,000 in Bond D, 

$500,000 in Bond E. 

In each year, MoneyCo invests the rest of the money available in CDs.  In this example, there is no cash in CDs in any year. At the beginning of year 2, all the cash flow from Bond B is invested in Bond E. At the beginning of year 3, all the cash flow from Bond C is invested in Bond D. 

(b) Using a oneway SolverTable, we vary the CD rate from 0% to 20% in increments of 0.5%.  The SolverTable Parameters are: 
The top of the SolverTable output looks like so:



The first column (column B) represents the CD rate (ranging from 0% to 20% in increments of 0.5%).  Columns C, D and E are the amount invested in CDs in years 1, 2 and 3 (respectively).  Column F is the objective function (the amount of cash in year 4).   The last five columns represent the amount invested in each of the bonds.

For any CD rate at or below 9.0%, we never invest in CDs. For any rate at or above 15.0%, we never invest in bonds.

(c) In order to limit the number of bonds in the portfolio we introduce new decision variables that indicate whether the bonds are or are not part of the portfolio.

YA = 1 if Bond A, is in the portfolio, 0 otherwise 

YB = 1 if Bond B, is in the portfolio, 0 otherwise 

YC = 1 if Bond C, is in the portfolio, 0 otherwise

YD = 1 if Bond D, is in the portfolio, 0 otherwise

YE = 1 if Bond E, is in the portfolio, 0 otherwise 

We link the new decision variables to the old decision variables by adding the constraints:

XA <= YA

XB <= YB

XC <= YC

XD <= YD

XE <= YE
We now limit the number of bonds in the portfolio to at most 3.

YA+ YB+ YC +  YD +  YE <= 3

We restrict the new decision variables to only take binary values.


� EMBED Excel.Sheet.8  ���











� EMBED Excel.Sheet.8  ���





=SUMPRODUCT(B9:F9,$B$4:$F$4)





Decision Variables (in millions of $)








=B15+C15











New Decision Variables (Buy Yes/No)





Amount in CDs in each year





Total $ in year 4





� EMBED Excel.Sheet.8  ���





Amount in each bond in each year





Objective Function =B18+C18 





=(1+$F$15)*D17





1









B6015
Solution to Homework Assignment #2
4

_979923709.xls
Model

		MONEYCO.XLS				MoneyCo Bond Investment Problem

				A		B		C		D		E				Max in Any

		Number To Buy		0.175		0.435		0.391		0.500		0.500		<=		0.50

		Year 1		-1.00		-1.00		-1.00		0.00		0.00

		Year 2		0.00		1.15		0.00		0.00		-1.00

		Year 3		0.00		0.00		1.28		-1.00		0.00

		Year 4		1.40		0.00		0.00		1.15		1.32

				(All in millions of $)

				Cash		Cash from		Cash in

				from +		Prev year		=        CDs

		Year		bonds		(CDs)						Reinvest Rate

		1.0		(1.000)		1.000		- 0				5%

		2.0		- 0		- 0		- 0

		3.0		- 0		- 0		- 0

		4		1.479		- 0		1.479





Answer Report 1

		Microsoft Excel 8.0 Answer Report

		Worksheet: [MoneyCo.xls]Model

		Report Created: 2/7/99 8:15:01 PM

		Target Cell (Max)

				Cell		Name		Original Value		Final Value

				$D$18		0		1.479		1.479

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$4		Number To Buy A		0.175		0.175

				$C$4		Number To Buy B		0.435		0.435

				$D$4		Number To Buy C		0.391		0.391

				$E$4		Number To Buy D		0.500		0.500

				$F$4		Number To Buy E		0.500		0.500

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$D$15		0		- 0		$D$15>=0		Binding		- 0

				$D$16		0		- 0		$D$16>=0		Binding		- 0

				$D$17		0		- 0		$D$17>=0		Binding		- 0

				$D$18		0		1.479		$D$18>=0		Not Binding		1.479

				$B$4		Number To Buy A		0.175		$B$4<=$H$4		Not Binding		0.3254076087

				$C$4		Number To Buy B		0.435		$C$4<=$H$4		Not Binding		0.0652173913

				$D$4		Number To Buy C		0.391		$D$4<=$H$4		Not Binding		0.109375

				$E$4		Number To Buy D		0.500		$E$4<=$H$4		Binding		0

				$F$4		Number To Buy E		0.500		$F$4<=$H$4		Binding		0





Sensitivity Report 1

		Microsoft Excel 8.0 Sensitivity Report

		Worksheet: [MoneyCo.xls]Model

		Report Created: 2/7/99 8:15:02 PM

		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$4		Number To Buy A		0.175		0.000		0.242375		0.072		0.056

				$C$4		Number To Buy B		0.435		0.000		0.11025		0.079296875		0.118

				$D$4		Number To Buy C		0.391		0.000		0.186375		0.056		0.072

				$E$4		Number To Buy D		0.500		0.056		0.1		1E+30		0.05625

				$F$4		Number To Buy E		0.500		0.103		0.2175		1E+30		0.1026086957

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$15		0		- 0		(0.122)		0		0.4761904762		0.0714285714

				$D$16		0		- 0		(0.069)		0		0.075		0.1333333333

				$D$17		0		- 0		(0.044)		0		0.14		0.4165217391

				$D$18		0		1.479		- 0		0		1.4794293478		1E+30






_980582352.xls
Model

		MONEYCO.XLS				MoneyCo Bond Investment Problem

				A		B		C		D		E				Max in Any

		Number To Buy		0.175		0.435		0.391		0.500		0.500		<=		0.50

		Year 1		-1.00		-1.00		-1.00		0.00		0.00

		Year 2		0.00		1.15		0.00		0.00		-1.00

		Year 3		0.00		0.00		1.28		-1.00		0.00

		Year 4		1.40		0.00		0.00		1.15		1.32

				(All in millions of $)

				Cash		Cash from		Cash in

				from +		Prev year		=        CDs

		Year		bonds		(CDs)						Reinvest Rate

		1.0		-1.000		1.000		0.000				5%

		2.0		-0.000		0.000		-0.000

		3.0		0.000		-0.000		-0.000

		4		1.479		-0.000		1.479

						$D$18		$C$16		$C$17		$C$18		$B$4		$C$4		$D$4		$E$4		$F$4

				0.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				0.5%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				1.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				1.5%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				2.0%		1.479		0.000		-0.000		-0.000		0.175		0.435		0.391		0.500		0.500

				2.5%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				3.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				3.5%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				4.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				4.5%		1.479		0.000		-0.000		-0.000		0.175		0.435		0.391		0.500		0.500

				5.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				5.5%		1.479		0.000		-0.000		-0.000		0.175		0.435		0.391		0.500		0.500

				6.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				6.5%		1.479		0.000		-0.000		-0.000		0.175		0.435		0.391		0.500		0.500

				7.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				7.5%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				8.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				8.5%		1.479		0.000		-0.000		-0.000		0.175		0.435		0.391		0.500		0.500

				9.0%		1.479		0.000		0.000		0.000		0.175		0.435		0.391		0.500		0.500

				9.5%		1.480		-0.000		-0.000		0.153		0.065		0.435		0.500		0.500		0.500

				10.0%		1.480		0.000		-0.000		0.154		0.065		0.435		0.500		0.500		0.500

				10.5%		1.481		0.000		0.083		0.246		0.000		0.500		0.500		0.500		0.500

				11.0%		1.483		0.000		0.083		0.248		0.000		0.500		0.500		0.500		0.500

				11.5%		1.484		0.000		0.084		0.249		0.000		0.500		0.500		0.500		0.500

				12.0%		1.486		0.000		0.084		0.251		0.000		0.500		0.500		0.500		0.500

				12.5%		1.487		0.000		0.084		0.252		0.000		0.500		0.500		0.500		0.500

				13.0%		1.489		0.000		0.085		0.254		0.000		0.500		0.500		0.500		0.500

				13.5%		1.495		0.567		0.729		0.260		0.000		0.500		0.000		0.500		0.500

				14.0%		1.503		0.570		0.735		0.268		0.000		0.500		0.000		0.500		0.500

				14.5%		1.511		0.572		0.741		0.276		0.000		0.500		0.000		0.500		0.500

				15.0%		1.521		1.150		1.322		1.521		0.000		0.000		0.000		0.000		0.000

				15.5%		1.541		1.155		1.334		1.541		0.000		0.000		0.000		0.000		0.000

				16.0%		1.561		1.160		1.346		1.561		0.000		0.000		0.000		0.000		0.000

				16.5%		1.581		1.165		1.357		1.581		0.000		0.000		0.000		0.000		0.000

				17.0%		1.602		1.170		1.369		1.602		0.000		0.000		0.000		0.000		0.000

				17.5%		1.622		1.175		1.381		1.622		0.000		0.000		0.000		0.000		0.000

				18.0%		1.643		1.180		1.392		1.643		0.000		0.000		0.000		0.000		0.000

				18.5%		1.664		1.185		1.404		1.664		0.000		0.000		0.000		0.000		0.000

				19.0%		1.685		1.190		1.416		1.685		0.000		0.000		0.000		0.000		0.000

				19.5%		1.706		1.195		1.428		1.706		0.000		0.000		0.000		0.000		0.000

				20.0%		1.728		1.200		1.440		1.728		0.000		0.000		0.000		0.000		0.000

						$D$15		$D$16		$D$17		$D$18		$B$4		$C$4		$D$4		$E$4		$F$4

				0.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				0.5%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				1.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				1.5%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				2.0%		0.000		-0.000		-0.000		1.479		0.175		0.435		0.391		0.500		0.500

				2.5%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				3.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				3.5%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				4.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				4.5%		0.000		-0.000		-0.000		1.479		0.175		0.435		0.391		0.500		0.500

				5.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				5.5%		0.000		-0.000		-0.000		1.479		0.175		0.435		0.391		0.500		0.500

				6.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				6.5%		0.000		-0.000		-0.000		1.479		0.175		0.435		0.391		0.500		0.500

				7.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				7.5%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				8.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				8.5%		0.000		-0.000		-0.000		1.479		0.175		0.435		0.391		0.500		0.500

				9.0%		0.000		0.000		0.000		1.479		0.175		0.435		0.391		0.500		0.500

				9.5%		-0.000		-0.000		0.140		1.480		0.065		0.435		0.500		0.500		0.500

				10.0%		0.000		-0.000		0.140		1.480		0.065		0.435		0.500		0.500		0.500

				10.5%		0.000		0.075		0.223		1.481		0.000		0.500		0.500		0.500		0.500

				11.0%		0.000		0.075		0.223		1.483		0.000		0.500		0.500		0.500		0.500

				11.5%		0.000		0.075		0.224		1.484		0.000		0.500		0.500		0.500		0.500

				12.0%		0.000		0.075		0.224		1.486		0.000		0.500		0.500		0.500		0.500

				12.5%		0.000		0.075		0.224		1.487		0.000		0.500		0.500		0.500		0.500

				13.0%		0.000		0.075		0.225		1.489		0.000		0.500		0.500		0.500		0.500

				13.5%		0.500		0.642		0.229		1.495		0.000		0.500		0.000		0.500		0.500

				14.0%		0.500		0.645		0.235		1.503		0.000		0.500		0.000		0.500		0.500

				14.5%		0.500		0.647		0.241		1.511		0.000		0.500		0.000		0.500		0.500

				15.0%		1.000		1.150		1.322		1.521		0.000		0.000		0.000		0.000		0.000

				15.5%		1.000		1.155		1.334		1.541		0.000		0.000		0.000		0.000		0.000

				16.0%		1.000		1.160		1.346		1.561		0.000		0.000		0.000		0.000		0.000

				16.5%		1.000		1.165		1.357		1.581		0.000		0.000		0.000		0.000		0.000

				17.0%		1.000		1.170		1.369		1.602		0.000		0.000		0.000		0.000		0.000

				17.5%		1.000		1.175		1.381		1.622		0.000		0.000		0.000		0.000		0.000

				18.0%		1.000		1.180		1.392		1.643		0.000		0.000		0.000		0.000		0.000

				18.5%		1.000		1.185		1.404		1.664		0.000		0.000		0.000		0.000		0.000

				19.0%		1.000		1.190		1.416		1.685		0.000		0.000		0.000		0.000		0.000

				19.5%		1.000		1.195		1.428		1.706		0.000		0.000		0.000		0.000		0.000

				20.0%		1.000		1.200		1.440		1.728		0.000		0.000		0.000		0.000		0.000



The input values are along the side, the output cell(s) are shown along the top

Remember that the input cell is $F$15
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		Target Cell (Max)

				Cell		Name		Original Value		Final Value

				$D$18		0		1.479		1.479

		Adjustable Cells

				Cell		Name		Original Value		Final Value

				$B$4		Number To Buy A		0.175		0.175

				$C$4		Number To Buy B		0.435		0.435

				$D$4		Number To Buy C		0.391		0.391

				$E$4		Number To Buy D		0.500		0.500

				$F$4		Number To Buy E		0.500		0.500

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$D$15		0		- 0		$D$15>=0		Binding		- 0

				$D$16		0		- 0		$D$16>=0		Binding		- 0

				$D$17		0		- 0		$D$17>=0		Binding		- 0

				$D$18		0		1.479		$D$18>=0		Not Binding		1.479

				$B$4		Number To Buy A		0.175		$B$4<=$H$4		Not Binding		0.3254076087

				$C$4		Number To Buy B		0.435		$C$4<=$H$4		Not Binding		0.0652173913

				$D$4		Number To Buy C		0.391		$D$4<=$H$4		Not Binding		0.109375

				$E$4		Number To Buy D		0.500		$E$4<=$H$4		Binding		0

				$F$4		Number To Buy E		0.500		$F$4<=$H$4		Binding		0
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		Worksheet: [MoneyCo.xls]Model
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		Adjustable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$B$4		Number To Buy A		0.175		0.000		0.242375		0.072		0.056

				$C$4		Number To Buy B		0.435		0.000		0.11025		0.079296875		0.118

				$D$4		Number To Buy C		0.391		0.000		0.186375		0.056		0.072

				$E$4		Number To Buy D		0.500		0.056		0.1		1E+30		0.05625

				$F$4		Number To Buy E		0.500		0.103		0.2175		1E+30		0.1026086957

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$D$15		0		- 0		(0.122)		0		0.4761904762		0.0714285714

				$D$16		0		- 0		(0.069)		0		0.075		0.1333333333

				$D$17		0		- 0		(0.044)		0		0.14		0.4165217391

				$D$18		0		1.479		- 0		0		1.4794293478		1E+30






_1027481275.xls
Model

		MONEYCO.XLS				MoneyCo Bond Investment Problem

				A		B		C		D		E				Max in Any

		Number To Buy		0.500		0.500		-0.000		0.000		0.500		<=		0.50

		Buy (Yes/No)		1		1		-0		0		1		Total		3

		Year 1		-1.00		-1.00		-1.00		0.00		0.00

		Year 2		0.00		1.15		0.00		0.00		-1.00

		Year 3		0.00		0.00		1.28		-1.00		0.00

		Year 4		1.40		0.00		0.00		1.15		1.32

				(All in millions of $)

				Cash		Cash from		Cash in

				from +		Prev year		=        CDs

		Year		bonds		(CDs)						Reinvest Rate

		1.0		(1.000)		1.000		0.000				5%

		2.0		0.075		0.000		0.075

		3.0		(0.000)		0.079		0.079

		4		1.360		0.083		1.443
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