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b. The daily cost per agent for shift 4 changes from 
$180 to $170. 

c. The changes in parts a and b both occur. 

d. The daily cost per agent increases by $4 for shifts 2, 
4, and 5, but decreases by $4 for shifts 1 and 3. 

e. The daily cost per agent increases by 2 percent for 
each shift. 

f Use Solver to generate the sensitivity report for this 
problem. Suppose that the above changes are being 
considered later without having the spreadsheet 
model immediately available on a computer. Show 
in each case how the sensitivity report can be used 
to check whether the original optimal solution must 
still be optimal. 

AS g. For each of the five shifts in tum, use a parameter 
analysis report to systematically generate the opti
mal solution and total cost when the only change is 
that the daily cost per agent on that shift increases in 
$3 increments from $15 less than the current cost up 
to $15 more than the current cost. 

5.5. Consider the Think-Big Development Co. problem pre
sented in Section 3.2, including the spreadsheet in Figure 3.3 
showing its formulation and optimal solution. In parts a-g, use 
the spreadsheet and Solver to check whether the optimal solution 
would change and, if so, what the new optimal solution would 
be, if the estimates in Table 3.3 of the net present values of the 
projects were to be changed in each of the following ways. (Con
sider each part by itself.) 

a. The net present value of project 1 (a high-rise office 
building) increases by $200,000. 

b. The net present value of project 2 (a hotel) increases 
by $200,000. 

c. The net present value of project 1 decreases by 
$5 million. 

d. The net present value of project 3 (a shopping cen
ter) decreases by $200,000. 

e. All three changes in parts b, c, and d occur 
simultaneously. 

f The net present values of projects 1,2, and 3 change 
to $46 million, $69 million, and $49 million, 
respectively. 

g. The net present values of projects 1, 2, and 3 change 
to $54 million, $84 million, and $60 million, 
respectively. 

h. Use Solver to generate the sensitivity report for 
this problem. For each of the preceding parts, sup
pose that the change occurs later without having the 
spreadsheet model immediately available on a com
puter. Show in each case how the sensitivity report 
can be used to check whether the original optimal 
solu~ion must still be optimal. 

AS i. For each of the three projects in tum, use a param
eter analysis report to systematically generate the 
optimal solution and the total net present value 
when the only change is that the net present value of 
that project increases in $1 million increments from 
$5 million less than the current value up to $5 mil
lion more than the current value. 

5.6. University Ceramics manufactures plates, mugs, and 
steins that include the campus name and logo for sale in cam
pus bookstores. The time required for each item to go through 
the two stages of production (molding and finishing), the mate
rial required (clay), and the corresponding unit profits are given 
in the following table, along with the amount of each resource 
available for tomorrow's eight-hour shift. 

Plates Mugs Steins Available 

Molding (minutes) 4 6 3 2,400 

Finishing (minutes) 8 14 12 7,200 

Clay (ounces) 5 4 3 3,000 

Unit Profit $3.10 $4.75 $4.00 

A linear programming model has been formulated in a 
spreadsheet to determine the production levels for tomorrow that 
would maximize profit. The solved spreadsheet" model and cor
responding sensitivity report are shown below. 

For each of the following parts, answer the question as spe
cifically and completely as is possible without re-solving the 
problem with Solver. Note: Each part is independent (i.e., any 
change made in one part does not apply to any other parts). 

a. Suppose the profit per plate decreases from $3.10 
to $2.80. Will this change the optimal production 
quantities? What can be said about the change in 
total profit? 

b. Suppose the profit per stein increases by $0.30 and 
the profit per plate decreases by $0.25. Will this 
change the optimal production quantities? What can 
be said about the change in total profit? 

Resource Required per Unit Available 
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Variable Cells 

Final Reduced Objective Allowable Allowable 
Cell Name Value Cost Coeffictent Increase Decrease 

$8$10 Production Plates 300 0 3.10 2.23 0.37 

$C$10 Production Mugs 0 -0.46 4.75 0.46 

$D$10 Production Steins 400 0 4.00 0.65 1.37 

Constraints 

Final Shadow Constraint Allowable Allowable 
Cell Name Value Price R. H.Side Increase Decrease 

$E$5 Molding (minutes) Used 2.400 0.22 2400 200 600 

$E$6 Finishing (minutes) Used 7,200 0.28 7200 2400 2400 

$E$7 Clay (ounces) Used 2,700 0 3000 1E + 30 

c. 	 Suppose a worker in the molding department calls 
in sick. No\\, eight fewer hours are available tomor
row in the molding department. How much would 
this affect total profit? Would it change the optimal 
production quantities? 

d. 	 Suppose one of the workers in the molding depart
ment is also trained to do finishing. Would it be a 
good idea to have this worker shift some of her time 
from the molding department to the finishing depart
ment? Indicate the rate at which this would increase 
or decrease total profit per minute shifted. How many 
minutes can be shifted before this rate might change? 

e. 	 The allowable decrease for the mugs' objective 
coefficient and for the available clay constraint are 
both missing from the sensitivity report. What num
bers should be there? Explain how you were able to 
deduce each number. 

Ken and Larry, Inc., supplies its ice cream parlors with 
, 	 three flavors of ice cream: chocolate, vanilla, and banana. Due 

to extremely hot weather and a high demand for its products, the 
company has run short of its supply of ingredients: milk, sugar, 
and cream. Hence, they will not be able to fill all the orders 
received from their retail outlets, the ice cream parlors. Due to 
these circumstances, the company has decided to choose the 
amount of each flavor to produce that will maximize total profit, 
given the constraints on the supply of the basic ingredients. 

The chocolate, vanilla, and banana flavors generate, respec
tively, $1.00, $0.90, and $0.95 of profit per gallon sold. The 

company has only 200 gallons of milk, 150 pounds of sugar, and 
60 gallons of cream left in its inventory. The linear programming 
formulation for this problem is shown below in algebraic fonn. 

Let 

C = Gallons of chocolate ice cream produced 
V =Gallons of vanilla ice cream produced 
8 = Gallons of banana ice cream produced 

Maximize Profit =1.00C + O.90V + 0.958 

subject to 

Milk: 0.45 C + 0.50 V + 0.40 B ~ 200 gallons 
Sugar: 0.50 C + 0.40 V + 0.40 B 5; 150 pounds 
Cream: 0.10 C + 0.15 V + 0.20 B 5; 60 gallons 

and 

C~O V~O 

This problem was solved using Solver. The spreadsheet 
(already solved) and the sensitivity report are shown below. 
(Note: The numbers in the sensitivity report for the milk con
straint are missing on purpose, since you will be asked to fill in 
these numbers in partf.) 

For each of the following parts, answer the question as spe
cifically and completely as possible without solving the prob
lem again with Solver. Note: Each part is independent (i.e., any 
change made to the model in one part does not apply to any other 
parts). 


