Operations Management
Problems from old exams

Linear Programming

1. Insurance Advertising

The Great Benefit insurance company sells automobile and house insurance. In order to increase the number of new policies written, the firm plans to advertise on TV and to send letters to new area residents. Earlier experience shows that each $1000 spent on TV ads results in 25 new automobile insurance policies and 6 new house insurance policies. Each letter to a new resident has an 0.3% chance of yielding a new house insurance policy and an 0.4% chance of generating a new automobile insurance policy. The letters cost $0.25 each.  Great Benefit wants to generate at least 3000 expected new insurance contracts via the advertising campaign, under the condition that at least 30% of them are for house insurance.

Algebraically write a linear programming model to minimize the cost of Great Benefit’s promotion.  Clearly define your variables.  Feel free to skip algebraic and numeric simplifications.

2. Cable TV Expansion

Horizon cable is about to expand its cable TV offerings in Smalltown by adding some new stations. The following table describes the project:


Activity

Description

Predecessor
Duration (weeks)

A
Choose stations
-
2

B
Get town council to approve expansion
A
4

C
Order converters
B
3

D
Install new dish
B
2

E
Install converters
C,D
10

F
Change billing system
B
4

Draw the project network.  Formulate a linear program to find the minimum required project completion time.

3. Issuing Bonds

Based on current commitments from and to customers, The Enormous Construction Company is expecting the following cash flow from operations over the next four years:

Year
1
2
3
4

Cash Flow
$(120)
$20
$20
$110

All dollar amounts are in millions, and parentheses indicate a negative number (cash outflow).  The firm currently has $55 million on hand.  The firm has a policy of planning to have at least $25 million on hand at all times in order to cover contingencies and emergencies.  Cash on hand earns 4.5% interest per year.

To cover its capital needs, the firm can issue bonds and/or take short term loans from the money market.  Money market loans can be taken in any of years 1 through 3, and must be repaid in full the following year, along with 10% interest.  There are three kinds of bonds the firm is allowed to issue: A, B, and C.  At most $60 million of each kind of bond can be issued.  The cash flow profiles of the bonds are below. For example, each dollar of type C bonds issued gives the company one dollar in year 1, in return for three payments of $0.40 in years 2 through 4.


Year 1
Year 2
Year 3
Year 4

Bond A
 $ 1.000 
 $(0.085)
 $(0.085)
 $(1.085)

Bond B
 $ 1.000 
 $(0.080)
 $(1.080)
 $        -       

Bond C
 $ 1.000 
 $(0.400)
 $(0.400)
 $(0.400)

The firm would like to find the combination of bonds and short term borrowing that gives it the maximum possible cash balance in year 4.  For this purpose, they are using the spreadsheet shown below (the optimal solution is displayed):
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Year 1 Year 2 Year 3 Year 4

Cash Flow from Operations (120) $          20 $          20 $          110 $         

Minimum Cash Balance 25 $             25 $          25 $          25 $           

Bond A 1.000 $         (0.085) $    (0.085) $    (1.085) $     

Bond B 1.000 $         (0.080) $    (1.080) $    - $          

Bond C 1.000 $         (0.400) $    (0.400) $    (0.400) $     

Short Term Interest Rates Initial Cash Balance

On Money Market Loans 10.0% 55 $         

On Cash Balances 4.5%

Maximum Value

Value of Bonds Issued  that Can Be Issued

Bond A 60.00 $         Bond A 60 $           

Bond B 16.64 $         Bond B 60 $           

Bond C - $            Bond C 60 $           

Year 1 Year 2 Year 3 Year 4

Money Market Loans 13.36 $         - $         1.95 $        - $          

Initial Cash 55.00 $         26.12 $      26.13 $      26.12 $       

Cash Flow from Operations (120.00) $      20.00 $      20.00 $      110.00 $     

Cash Flow from Bonds 76.64 $         (6.43) $      (23.07) $    (65.10) $     

Money Market Loan Repayment - $            (14.69) $    - $         (2.14) $       

Cash Balance 25.00 $         25.00 $      25.00 $      68.88 $       


The formulas in cells A20:C24 (except B22:C22) are:
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A B C

Year 1 Year 2

Money Market Loans 13.3578431372545 0

Initial Cash =D9 =(1+$B10)*B24

Cash Flow from Operations =B2 =C2

Cash Flow from Bonds

Money Market Loan Repayment 0 =-(1+$B9)*B18

Cash Balance =B18+SUM(B20:B23) =C18+SUM(C20:C23)


Cells D20:D24 and E20:E24 contain formulas obtained by copying C20:C24.

(a) What formula should you place in cell B22, to compute the total combined cash flow from year 1 bond sales and/or payments?  Make sure your answer will yield correct results when copied to cells C22:E22 (for years 2, 3, and 4, respectively).

(b) Specify the information needed to operate Solver on this model.  What is the target cell, and should it be maximized or minimized?  What are the changing cells?  What are all the constraints?  Indicate whether or not you would use the “assume nonnegative” Solver option. 

4. Computer Assembly

Garden State Computers (GSC) makes PC’s. The demand for the next four months is

Month
Demand

1
500

2
600

3
700

4
800

The PC's can be assembled in two factories, Factory 1 and Factory 2. Assembling a single PC in Factory 1 requires 2 hours of labor and costs $400. A PC assembled in Factory 2 requires 3 hours of labor and costs $300. For each month, the number of available labor hours is 800 in Factory 1 and 600 in Factory 2. It costs $100 to hold a PC in inventory for a month. At the beginning of Month 1, GSC has 200 PC’s on hand.

Algebraically formulate a linear program to minimize the cost of satisfying demand.  Clearly define all your variables.

5. Mixing Fertilizers

Grow-It, Inc. mixes sludge and nitrogen to produce two kinds of fertilizer, Fertilizer 1 and Fertilizer 2. Sludge costs $15/ton and nitrogen costs $10/ton.  Fertilizer 1 must contain at least 15% sludge and 60% nitrogen, and sells for $70/ton.  Fertilizer 2 must contain at least 70% sludge and 10% nitrogen, and sells for $40/ton.  8,000 tons of sludge are currently available, along with 10,000 tons of nitrogen.  Under the assumption that they can sell their entire production of both fertilizers, Grow-It would like to set up a production plan to maximize profits, using the following spreadsheet:
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Sludge Nitrogen

Cost/Ton 15 10

Tons Available 8000 10000

Sale Price

Fertilizer 1 70

Fertilizer 2 40

Sludge Nitrogen

Fertilizer 1 0.15 0.6

Fertilizer 2 0.7 0.1

Total

Sludge Nitrogen Made Revenue

Fertilizer 1 6560 9840 =SUM(B16:C16) =B6*D16

Fertilizer 2 1440 160 =SUM(B17:C17) =B7*D17

Total Used =SUM(B16:B17) =SUM(C16:C17)

Cost =B2*B18 =C2*C18 Profit

Sludge Nitrogen

Fertilizer 1

Fertilizer 2

Minimum Percentages

Amounts Mixed

Minimum Amount Required


(a) What formula should they enter in cell E20, to compute the profit from the production plan?

(b) What formula should they enter in cell B23, to indicate the minimum amount of sludge that must be mixed into Fertilizer 1?  Make sure your answer will also yield correct formulas when copied to cells C23, B24, and C24.

(c) Specify the information needed to operate Solver on this model.  What is the target cell, and should it be maximized or minimized? What are the changing cells?  What are the constraints?  Should you use the “assume linear model” option?  

6. Production and Shipment Optimization

Your firm makes a product in three plants.  The unit production costs and monthly capacities for these four plants are:


Production


Cost/Unit
Capacity

Plant 1
 $      35.00 
1200

Plant 2
 $      23.00 
1400

Plant 3
 $      34.00 
1500

The product is shipped to three regional distributors.  The unit shipping costs to the regions are:


Unit Shipping Cost to




Region 1
Region 2
Region 3

Plant 1
 $          5.00 
 $         8.00 
 $          4.00 

Plant 2
 $          8.50 
 $         6.00 
 $          5.00 

Plant 3
 $          4.00 
 $         7.65 
 $          5.00 

You sell the product to the distributors for $50/unit in all regions.  The amount shipped to each region should be less than or equal to the monthly demand for that region.  This demand depends on the amount spent on local advertising, and is computed by the following formulas:



Region 1:
1000 units + ($ spent on region 1 advertising)/5



Region 2:
  900 units + ($ spent on region 2 advertising)/4



Region 3:
  800 units + ($ spent on region 3 advertising)/4 .

You also have a policy that not more than 50% of sales volume should come from any single region.  For the coming month, a maximum of $196,000 can be spent on production, shipping, and advertising combined.  

Subject to the above constraints, you would like to maximize profits for the coming month.  A spreadsheet model is on the next page.  The changing cells are D12:F12 (advertising expenditures for each region) and C18:E20 (shipments).  Shaded cells contain formulas, although only the values are shown.

(a) What formula should be in cell D14, to compute region 1’s demand for the product?  Make sure the formula will yield correct demands for regions 2 through 4 if copied to cells E14:F14.

(b) What formula should be in cell C21, to compute the total units shipped to region 1?  Make sure the formula will yield correct values for regions 2 through 4 if copied to cells D21:E21.

(c) What formula should be in cell F22, for the maximum number of units that can be shipped to any one region without violating the 50% sales volume rule?

(d) What formulas should be in cells D24, D25, and D26, to compute total production, advertising, and shipping costs, respectively?

(e) What formulas should be in cells F24 and F26, to compute total revenue and total profit, respectively?

(f) What target cell would you use in Solver?  Would you maximize or minimize it?  What constraints would you use?  Would you use the Assume Nonnegative option?  Would you use the Assume Linear Model option?
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Production Unit Shipping Cost to

Cost/Unit Capacity Region 1 Region 2 Region 3

Plant 1 35.00 $        1200 5.00 $                 8.00 $            4.00 $                  

Plant 2 23.00 $        1400 8.50 $                 6.00 $            5.00 $                  

Plant 3 34.00 $        1500 4.00 $                 7.65 $            5.00 $                  

Demand without Advertising 1000 900 800

Advertising cost per Extra Sale 5 4 4

Selling Price 50.00 $               Max per Region

Expense Budget 196,000 $            50%

Advertising Expenditure 750.00 $              - $              5,000.00 $           

Demand 1150 900 2050

Shipments To

Region 1 Region 2 Region 3 Total

Plant 1 0 0 1200 =SUM(C18:E18)

Plant 2 0 900 500 =SUM(C19:E19)

Plant 3 1150 0 350 =SUM(C20:E20)

Total 1150 900 2050 =SUM(C21:E21)

Max for any one region 2050

Production Cost 125,200.00 $       Revenue 205,000.00 $       

Advertising Cost 5,750.00 $          

Shipping Cost 19,050.00 $         Profit 55,000.00 $         

Total Cost =SUM(D24:D26)

From


7. DigiNav

DigiNav Corporation manufactures electronic navigation systems for automobiles. They currently produce two models: standard and deluxe. The manufacturing line, if it is dedicated only to standard models, can produce up to 250 units per week at the cost of $30,000. If it produces only deluxe models, 200 units can be produced in a week, and the cost is $38,000.  Manufacturing capacity can be split between the two models in any proportion.

Each unit has to pass quality tests. For a standard unit, such tests take 4 minutes, while a deluxe unit needs 7 minutes. At most 20 hours per week are available for quality control, and each hour costs $120.  4% of the standard units and 5% of the deluxe units fail the quality tests. These units are discarded.

Standard models sell for $800 per unit, while deluxe models sell for $1200 per unit. It is the company’s policy that no more than 25% of the units sold can be deluxe.

Formulate a linear programming problem to maximize DigiNav’s profits.  Clearly define all your variables, constraints and the objective function.  You may skip algebraic and arithmetic simplifications, if any arise.
8. Goofy Park

The Dizzy Corporation is planning to develop a Goofy theme park.  The sooner they can open the park, the sooner the cash will start rolling in.  However, there are a number of tasks they must complete before they can open the park.  The following table contains data on these tasks:

Task Symbol
Task Description
Task Length

(weeks)
Tasks that Must Precede This Task

A
Prepare Approved Site Plan
4
none

B
Put in Road
2
A

C
Put in Parking
2
B

D
Put in Rides
8
B

E
Put in Food Court
5
B

F
Hire Staff
2
C

G
Train Staff
2
D, E, F

H
Advertise Grand Opening
8
A

(g) Draw an activity network diagram for this project.  

(h) Algebraically formulate (but do not solve) a linear programming problem that will find the shortest possible schedule for completing all of the tasks in the project.   Clearly define your decision variables.

(i) Suppose that in order to open for the lucrative Memorial Day weekend, the Dizzy Corporation wants to complete the park in only 12 weeks.  The following table lists the opportunities that Dizzy is considering to accomplish this speed-up:

Task Symbol
Largest Possible Reduction (weeks)
Cost per Week Saved

A
2
$  10,000

C
1
             $    5,000

D
4
$  12,000

Change your linear programming formulation so as to find the minimum cost way of meeting the 12 week completion requirement.

9. Memory Manufacturing and Purchasing

Bulk Memory Associates assembles commodity RAM memory chips into memory modules for use in personal computers and other electronic devices.  There is currently a market for four kinds of memory modules, known as the Type 1 SIMM, Type 2 SIMM, DIMM, and X-DIMM.  Each module requires three kinds of resources to assemble: labor time, inserter machine time, and memory chips.  The resource requirements and current market prices for the four kinds of modules are as follows:


Type 1

SIMM
Type 2 SIMM
DIMM
X-DIMM

Labor time (hours per module) 
0.03
0.02
0.04
0.06

Inserter machine time (hours per module) 
0.025
0.025
0.05
0.05

Memory chips per module 
4
4
8
8

Each module sells for 
$ 75.00
$ 70.00
$ 155.00
$ 165.00

This week, up to 120 hours of labor time and 125 hours of machine time are available at a cost of $20.50 and $15.00 per hour, respectively.

The firm has a policy of buying memory chips from three different suppliers.  In any given week, no more than 40% of the chips purchased may come from any single supplier.  The suppliers have the following number of chips available this week, at the indicated prices:

Supplier Name
Sleeman
Chang
Malaya

Cost per chip
$ 14.50
$ 12.60
$ 12.25

Chips available
9000
8500
8000

Write an algebraic linear programming model to maximize the firm’s profit for this week.  Clearly define all your decision variables.  You may skip algebraic and arithmetic simplifications, if any arise.

10. Grading Language Tests

Duke Test Center administers French language tests to job candidates who are applying for work in international operations. Employees called raters grade the tests.  The center employs five senior raters and nine junior raters.  

Each French test consists of three parts: written, computer, and tape-recorded.  The time, in minutes, required by each kind of rater to grade each type of test is as follows:

Rater
Test Type


Written
Computer
Recorded

Senior
20
5
15

Junior
30
6
18

Each rater can work up to 40 hours in the coming week. 800 candidates have just taken the test, and the results have to be announced after a week. Work can also be assigned to outside part-time raters, who charge $25 for each written test, $15 for each computer test, and $20 for each recorded test.

For quality control purposes, senior raters must grade at least 10% of all tests rated in-house in each category.

Formulate an algebraic linear programming model to minimize the amount paid to outside raters, while still meeting the deadline for grading all the tests.  Clearly define all your decision variables.  You may skip algebraic and arithmetic simplifications, if any arise.
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