Operations Management
Review Problems

This study guide is meant to give an idea of what to expect on the midterm exam.  Topics to review:

 (Mixed) Integer Programming Models

· Definition of integer and binary variables

· Fixed charge models, logical upper and lower bounds

· Logical constraints (one of n possibilities must or may be true, etc.)

· Knapsack constraints

· Set covering constraints

Integer and Mixed Integer Problems

Atlas Valve Co

Atlas Valve Company makes four kinds of industrial plumbing valves, called A, B, C, D, and E.  Atlas sells its products to a distributor who is willing to buy up to 100 of each kind of valve this month.  Data on the production processes for the valves are as follows:



Production
Production





Line
Line
Unit
Unit


Unit
Setup
Unit 
Manual
Raw

Product
Profit
Hours
Time
Labor
Materials

A
 $     741.00 
16
2.00
4.00
15

B
 $     800.00 
10
2.40
3.00
20

C
 $     620.00 
15
1.50
3.00
30

D
 $     545.00 
8
1.25
2.30
12

E
 $  1,025.00 
20
3.00
3.50
40

For example, each type A valve makes the firm a profit of $741, while consuming 2.00 hours of time on the production line, 4.00 hours of manual labor, and 15 pounds of raw materials.  In addition, 16 hours of production line time are required to set up the line to make type A valves; this time is incurred for the first type A valve made, but not for subsequent ones.

The firm has 4000 pounds of raw material, 320 hours of production line time, and 600 hours of manual labor available this month.  The firm has a policy that at most four different products should be made in any given month.  Furthermore, certain technical restrictions on the production equipment dictate that if type B valves are made this month, then type D valves cannot be made this month.

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

Investment Planning

Investment Partners, Inc. has $400,000 cash to invest. They have identified 5 attractive investment opportunities: assets 1, 2, and 3, and short-term corporate bonds A and B. Assets 1, 2, and 3 can be bought only in 1999, but may then be sold in any of the years 2000-2003. They are indivisible and must be traded in their entirety. Current prices of these assets and estimated sales prices for the next 4 years are given in the table below. The table also provides cash flows associated with each dollar invested in the two bond types (for example, each dollar invested in bond A in 1999 yields 7 cents of interest in 2000 and 2001, plus $1.07 in 2002). Bond investments may be made in arbitrary amounts. Uninvested cash earns interest at the rate of 6% per year.

[image: image1.emf]Asset 1 Asset 2 Asset 3 Bond A Bond B

1999 150 100 130 -$1.00 $0.00 0

2000 160 105 135 $0.07 -$1.00 40

2001 170 110 150 $0.07 $0.08 100

2002 180 120 160 $1.07 $0.08 120

2003 200 125 170 $0.00 $1.08 150

Year

Cash Flows per $1 

Invested

Price (in k$) of Liability 

(k$)


The last column of the table shows liabilities that Investment Partners must pay in the years 2000-2003.

We assume that all transactions (purchases/sales of assets, purchases of bonds, coupon payments and payments of liabilities) take place on the last day of each year. Cash obtained from sales is immediately available for the payment of liabilities and for reinvestment on the same day, so purchases of type B bonds may be financed from sales made in the year 2000.

To determine the investment strategy that maximizes the cash balance at the end of the year 2003, Investment Partners is using the following spreadsheet. The `??’ entries hide formulae.

(a) What formula should be in cell B22, to compute the number of times asset 1 is sold? Make sure your answer will yield correct results when copied to cells C22:D22.
(b) What formula should be in cell E17, to compute the cash flow resulting from the purchases of assets in the year 1999?
(c) What formula should be in cell E18, to compute the cash flow from the sales of assets in the year 2000? Make sure your answer will yield correct results when copied to cells E19:E21.
(d) What formula should be in cell F17, to compute the cash flow from bond investments in in the year 2000? Make sure your answer will yield correct results when copied to cells F18:F21.
(e) What formula should be in cell G17, to compute the cash balance at the end of 1999?
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Asset 1 Asset 2 Asset 3 Bond A Bond B

1999 150 100 130 -$1.00 $0.00 0

2000 160 105 135 $0.07 -$1.00 40

2001 170 110 150 $0.07 $0.08 100

2002 180 120 160 $1.07 $0.08 120

2003 200 125 170 $0.00 $1.08 150

Interest Rate 6% Initial Cash (k$) 400

Bond A Bond B

27 221

Asset 1 Asset 2 Asset 3 Assets Bonds

1999 1 0 1 ?? ?? ??

2000 1 0 0 ?? ?? ??

2001 0 0 1 ?? ?? ??

2002 0 0 0 ?? ?? ??

2003 0 0 0 ?? ?? ??

Times Sold ?? ?? ??

Liability (k$) Year

Price (in k$) of

Cash Flows per $1 

Invested

Invest (k$) In 

Year

Buy/Sell Assets Cash Flows (in k$)

Cash Balance 

(k$)


Serving Meals

On Homecoming Day, Garden State University (GSU) expects 3000 guests who will have to be served meals. GSU can open up to 4 dining halls, about which we have the following information:

Dining Hall
Fixed Cost ($)
Variable Cost ($/meal)
Capacity (meals)

1
2000
3
1200

2
1400
5
900

3
1000
3
600

4
800
4
500

The fixed cost is the cost of opening a dining hall, even if only one meal is served there.  

GSU also has the option of hiring a caterer, who can serve at most 400 guests at a cost of $7 per meal. No fixed cost is involved.

Algebraically formulate the problem of minimizing GSU's costs for feeding its hungry guests.  Clearly define all your variables.
Production/Inventory Planning with Setup Costs

Your firm expects the following demand for one of its product over the next six months:

Month
Demand

1
500

2
150

3
250

4
740

5
650

6
250

We assume these demand levels are known with certainty.  At the beginning of month one, there are 100 units of the product in inventory.  

During any month that you wish to run your production line, you must pay a “setup” cost of $5,000.  Once the production line is set up, you must produce between 200 and 600 units (inclusive) at a cost of $35 per unit.  In months when you don’t run the production line, there is no production cost, and no units can be produced.

If there is unsold inventory left over at the end of the month, it must be stored in the warehouse.  Opening the warehouse for a month incurs a fixed cost of $2,000 for security, lights, and insurance, regardless of how much inventory is kept.  In addition, there is a further cost of $5.00 per month per unit stored, assessed on the amount of inventory in the warehouse at the end of each month.  The warehouse can hold up to 300 units.  The warehouse is not allowed to be open at the end of months in which there is no production.

You are using the spreadsheet model below to try to find the cheapest way to meet the demand for the product.  All formulas in the model have been obscured by “???”.

(a) What formula should be in cell E13, to compute the inventory left at the end of month one?  Make sure your answer will compute correct ending inventories for months 2 through 6 if copied to cells E14:E18.

(b) What formula should be in cell F13, giving a “logical lower bound” on month one production? Make sure your answer will compute correct bounds for months 2 through 6 if copied to cells F14:F18.

(c) What formula should be in cell G13, giving a “logical upper bound” on month one production? Make sure your answer will compute correct bounds for months 2 through 6 if copied to cells G14:G18.

(d) What formula should be in cell H13, giving a “logical upper bound” on month one ending inventory? Make sure your answer will compute correct bounds for months 2 through 6 if copied to cells H14:H18.

(e) What formula should be in cell I13, to compute the total cost incurred in month one? Make sure your answer will compute correct costs for months 2 through 6 if copied to cells I14:I18.
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Month Demand Production Inventory

1 500 Setup Cost 5,000.00 $    2,000.00 $   

2 150 Unit Cost 35.00 $        5.00 $         

3 250 Minimum, if Setup 200 0

4 740 Maximum 600 300

5 650

6 250

Logical Logical Logical

Lower Upper Upper

Produce Open Ending Bound on Bound on Bound on

Month Any? Production Warehouse? Inventory Production Production Inventory Cost

0 100

1 1 550 1 ??? ??? ??? ??? ???

2 0 0 0 ??? ??? ??? ??? ???

3 1 440 1 ??? ??? ??? ??? ???

4 1 600 1 ??? ??? ??? ??? ???

5 1 600 0 ??? ??? ??? ??? ???

6 1 250 0 ??? ??? ??? ??? ???

Total ???


(f) What formula should be in cell I19, to compute the total cost over six months?

(g) How would you set up Solver to find the cheapest production plan?  Specifically, what is the target cell, and would you maximize or minimize it?  What are the changing cells?  What are all the constraints?  How would you set the Assume Linear Model option?  How would you set the Assume Nonnegative option?

Housing Developments

The West Tudor Township plans to establish three new housing developments. They have received offers from seven developers. The details of the offers are shown in the table below.

[image: image4.emf]NumberSize (sq.ft.)Price (k$)NumberSize (sq.ft.)Price (k$)

1 40 2600 370

2 20 2000 180 40 1200 140

3 25 2300 200 30 1400 150

4 65 1600 160

5 35 3000 420

6 75 1000 130

7 50 1800 190

Houses Townhouses

Offer


Each project is a “package” that can be built only in its entirety; for example, it is not possible to build the houses from project 2 without also building its townhouses, and vice versa.  The prices listed are per unit of housing.  The total “value” of a project is the sum of the sales prices of all the housing units it contains.

Township tax revenues are proportional to housing value.  Therefore, the township wants to maximize the total value of the housing built.  However, it must obey the following conditions:

· No more than 150 new housing units may be built.

· There should be at least one project containing some units of 1500 sq. feet or less.

· There should be at least one project containing units between 1500 and 2500 sq. feet.

· There should be exactly one project containing units larger than 2500 sq. feet.

Algebraically write an integer programming model to maximize the value of West Tudor’s new developments.  Clearly define your variables.  Feel free to skip algebraic and numeric simplifications.

Siting Restaurants

Fast Food Conglomerate Incorporated (FFCI) operates four chains of restaurants: Burger Man, Burger Deluxe, Burrito Barn, and Eat-za Pizza.  The firm has acquired 8 sites around Indianapolis, an area where it previously did not have a presence.  A capital budget of up to $3.7 million has been allocated to build restaurants on the sites.

FFCI is trying to decide how many of each kind of restaurant to build.  At most four restaurants can be built for any one chain. To maintain the premium image of the Burger Deluxe chain, the firm will not build more Burger Deluxe restaurants than Burger Man restaurants. 

Burger Man restaurants cost $400,000 each to build.  If FFCI builds one Burger Man, its annual profits should be $110,000.  If they build two, total annual profits are expected to be $200,000 from the two restaurants combined.  If they build three, total annual profits should be $270,000, and if they build four, total annual profits should be $330,000.  The table in cells C5:E9 of the spreadsheet below gives similar data for the other three restaurant chains.

FFCI would like to build the combination of restaurants that yields the highest annual profit.  To this end, they are using the spreadsheet below.  The decision variables are binary and are in cells B12:E15.  For example, cell D14 is meant to be one if FFCI builds exactly three Burrito Barns, and otherwise zero.  The shaded cells contain formulas, although only values are displayed; the remaining cells contain either numbers or formulas as indicated.

[image: image5.emf]1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

A B C D E F

Number of Sites Available 8

Construction Budget 3,700 $               (All $ in 1,000's)

Burger Man Burger Deluxe Burrito Barn Eat-za Pizza

Unit Construction Cost 400 $                  500 $                  350 $                  600 $                 

Annual Profit From 1 Site 110 $                  140 $                  100 $                  300 $                 

Annual Profit From 2 Sites 200 $                  270 $                  200 $                  500 $                 

Annual Profit From 3 Sites 270 $                  375 $                  295 $                  550 $                 

Annual Profit From 4 Sites 330 $                  450 $                  350 $                  600 $                 

Number of Sites Used Burger Man Burger Deluxe Burrito Barn Eat-za Pizza

1 0 0 0 1

2 1 1 0 0

3 0 0 1 0

4 0 0 0 0

=SUM(B12:B15) =SUM(C12:C15) =SUM(D12:D15) =SUM(E12:E15)

Total

Number of Restaurants Built 2 2 3 1 =SUM(B18:E18)

Construction Cost 800 $                  1,000 $               1,050 $               600 $                  =SUM(B19:E19)

Total Annual Profit 1,065 $              


(a) What formula should you place in cell B21, to compute the total combined annual profit from all restaurants?

(b) What formula should be in cell B18, the total number of Burger Man restaurants built?  Assume this cell will be copied to C18 through D18 (for the other chains).

(c) What formula should be in cell B19, the total construction cost for Burger Man restaurants?  Assume this formula will be copied to C18 through D18 to compute the construction costs for the other chains.

(d) Specify the information needed to operate Solver on this model.  What is the target cell, and should it be maximized or minimized?  What are all the constraints?

Assigning People to Projects

A contractor has four construction projects underway.  The following table shows the estimated time to complete a project when a specified number of foremen are assigned to it.


Number of Foremen Assigned

Project
1
2
3

A
5
3
2

B
7
5
3

C
9
8
7

D
11
8
8

The contractor has only six foremen and wishes to minimize the sum of the project completion times.  At least one foreman must be assigned to each project.

Algebraically formulate this problem as an integer program.  Define your variables.

Q3:
Algebra Formulation – Locating Restaurants

The Di Livio fancy restaurant chain is considering opening several new restaurants in River County. There are six potential locations: towns A, B, C, D, E, and F. The populations (in thousands) of these towns are given in the table below:

Town
A
B
C
D
E
F

Inhabitants
11
20
10
19
13
12

The distances between the towns (in miles) are as follows:

Town
A
B
C
D
E
F

A
0
7
4
10
11
14

B
7
0
6
3
8
10

C
4
6
0
5
7
12

D
10
3
5
0
4
7

E
11
8
7
4
0
3

F
14
10
12
7
3
0

The premises in towns B and E must be bought from a single owner as a bundle, and therefore Di Livio can either locate restaurants in both B and E, or in neither of these towns.

(f) Suppose Di Livio’s goal is to locate its restaurants so that, for every inhabitant of towns A-F, the distance to the nearest Di Livio restaurant is at most 5 miles. Formulate an algebraic integer programming model to minimize the number of restaurants required. Clearly define all your variables. You may skip algebraic and arithmetic simplifications, if any arise.
(g) Instead, suppose that Di Livio can locate only two new restaurants in the area. Algebraically formulate an integer programming model to maximize the number of inhabitants of these towns who live within 5 miles of a Di Livio restaurant. Clearly define all your variables. You may skip algebraic and arithmetic simplifications, if any arise.  [Note: this part of the question was intended to be a more challenging problem for stronger students, and was not assigned a large number of points.]
Designing a Data Network

The National Weather Service collects real-time weather data at four regional offices, Atlanta, Boston, St. Louis, and Monterrey (California).  The amount of data collected at each regional office, in megabits per second, is

Regional Office
Atlanta
Boston
St. Louis
Monterrey
Total

Data Generated
170
150
210
190
720

The weather service wants to channel all 720 megabits per second of data into its new national data center in Boulder, Colorado, where it will be used by supercomputer weather monitoring and simulation systems.

To feed the data into its national data center, the service can lease fiber-optic data lines, each of which can carry up to 100 megabits per second of data, in one direction only.  The monthly costs of leasing a line between each pair of locations is as follows:


To

From
Atlanta
Boston
St. Louis
Monterrey
Data Center

Atlanta
-
$ 235
$ 300
$ 425
$ 175

Boston
$ 235
-
$ 250
$ 500
$ 325

St. Louis
$ 300
$ 250
-
$ 350
$ 150

Monterrey
$ 425
$ 500
$ 350
-
$ 275

Data Center
$ 175
$ 325
$ 150
$ 275
-

The service would like to make its data line leasing costs as small as possible, while delivering all the needed data to the center.  It may lease any whole number of lines between each pair of locations, and data may take any path from a regional office to the data center.  Consider the spreadsheet shown on the next page, which shows an optimal solution.  Here, some data from Boston travels directly to the data center on a single line, while the rest is first routed to St. Louis.  There are three lines from St. Louis to the center, which carry data from both St. Louis and Boston.

The decision variables are in cells B16:F20 and B26:F30.  Cells containing formulas are shaded.  Cells B32:F32 contain the array formula {=TRANSPOSE(G26:G30)}.  Cell B33 contains the formula =B32 ( B31, and cells C33:F33 are copies of B33.

(h) What formula should be in cell G26, to compute the total megabits per second of data flowing out of Atlanta? Make sure your answer will yield correct results for the other regional offices when copied to cells G27:G30.
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Atlanta Boston St. Louis Monterrey Data Center

Data Generated

170 150 210 190 -720

Line Capacity

100

Line Leasing Costs

From Atlanta Boston St. Louis Monterrey Data Center

Atlanta - $        235 $       300 $        425 $          175 $            

Boston 235 $       - $        250 $        500 $          325 $            

St. Louis 300 $       250 $       - $        350 $          150 $            

Monterrey 425 $       500 $       350 $        - $           275 $            

Data Center 175 $       325 $       150 $        275 $          - $             

Number of Lines Leased

From Atlanta Boston St. Louis Monterrey Data Center

Atlanta 0 0 0 0 2

Boston 0 0 1 0 1

St. Louis 0 0 0 0 3

Monterrey 0 0 0 0 2

Data Center 0 0 0 0 0

Total Leasing Cost

1,925 $   

Data Flow Total

From Atlanta Boston St. Louis Monterrey Data Center Outflow

Atlanta 0 0 0 0 170 170

Boston 0 0 90 0 60 150

St. Louis 0 0 0 0 300 300

Monterrey 0 0 0 0 190 190

Data Center 0 0 0 0 0 0

Total Inflow

0 0 90 0 720

Total Outflow 170 150 300 190 0

Net Outflow 170 150 210 190 -720

Data Capacity

From Atlanta Boston St. Louis Monterrey Data Center

Atlanta 0 0 0 0 200

Boston 0 0 100 0 100

St. Louis 0 0 0 0 300

Monterrey 0 0 0 0 200

Data Center 0 0 0 0 0

To

To

To

To


(i) What formula should be in cell B31, to compute the total megabits per second of data flowing into Atlanta? Make sure your answer will yield correct results for the other regional offices when copied to cells C31:F31.
(j) What formula should be in cell C37, to compute maximum amount of data that can be sent directly from Atlanta to Boston, given the data line leases indicated by cells B16:F20? Make sure your answer will yield correct results for all other location pairs when throughout the block B37:F41.
(k) What formula should be in cell B22, to compute total cost of leasing data lines?
(l) Specify the information needed to operate Solver on this model.  What is the target cell, and should it be maximized or minimized?  Which cells are the changing cells? What are all the constraints?  Should you assume linear model?  Should you assume nonnegative?
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