
MAT 540 Worksheet

NOTE:  There are 30 problems on this worksheet with varying point values.  

For all linear programming problems, the implied non-negativity constraint is assumed.  Don’t forget to include this constraint if you are using Excel to solve any of these problems.

1. Linear Programming Properties 
Which of the following statements is not true?


a) An infeasible solution violates all constraints.
b) A feasible solution point does not have to lie on the boundary of the feasible solution.
c) A feasible solution satisfies all constraints.
d) An optimal solution satisfies all constraints.


Answer: _____


2. Minimization Graphical Solution
Solve the following linear model graphically and select the set of extreme points that make up the possible feasible solutions. 

 [image: image1.png]Minimize Z = 10x, + 20x,
Subject to:
X+ X >12
2x, + 5%, > 40

X <13






a) (x1=12, x2=0, z=120), (x1=6, x2=5, x3=160), (x1=0, x2=8, z=160)

b) (x1=0, x2=12, z=240), (x1=6, x2=5, x3=160), (x1=20, x2=0, z=200)

c) (x1=0, x2=12, z=240), (x1=20/3, x2=16/3, x3=520/3), (x1=20, x2=0, z=200)

d) (x1=12, x2=0, z=120), (x1=20/3, x2=16/3, x3=520/3), (x1=0, x2=8, z=160)


Answer: _____


3. Minimization Graph Surplus Variables 
Based on the optimal solution from the previous problem, which of the following statements is true if s1 represents the slack from the first constraint and s2 represents the slack from the second constraint?


a) Constraint 1 has no slack
    Constraint 2 does have slack

b) Constraint 1 does have slack
    Constraint 2 has no slack

c) Both contraints 1 and 2 have no slack.


Answer: _____


4. Maximization Feasible Solutions 
Given the following maximization linear programming model, which of the possible solutions provided below is NOT feasible?

 [image: image2.png]Maximize Z = 3x, + 2x,
Subject to:

2x, + 4x, < 480

5x, + 3x, < 675






a) x1 = 0 and x2 = 120

b) x1 = 75 and x2 = 90

c) x1 = 90 and x2 = 75

d) x1 = 135 and x2 = 0


Answer: _____

5. Maximization Graphical Solution 
Graphically solve the linear programming model from the previous problem and determine the set of extreme points that make up the set of feasible solutions.


a) (x1=0, x2=120, z=240), (x1=90, x2=75, z=420), (x1=240, x2=0, z=720)

b) (x1=0, x2=120, z=240), (x1=90, x2=75, z=420), (x1=135, x2=0, z=405)

c) (x1=0, x2=225, z=450), (x1=90, x2=75, z=420), (x1=135, x2=0, z=405)

d) (x1=0, x2=225, z=450), (x1=90, x2=75, z=420), (x1=240, x2=0, z=720)


Answer: _____


NOTE:  The linear programming model and accompanying Excel sensitivity report in problem 6 are also to be used in problems 7, 8, and 9.
6. Excel Sensitivity Analysis 1 
The following model was solved using Excel
 [image: image3.png]The following linear programming model is solved using Excel for four different
products with two manufacturing processes and two different materials.

Maximize Z = 50x, + 58x, + 46x, + 62x,
Subjectto:  4x, + 3.5x, +4.6x,+ 39x,< 600hours (Process 1)
24x, + 26x,+3.5%,+ 19x,< 500 hours  (Process 2)

15%, + 23x,+ 18x,+ 25x,< 3,600 pounds (Material A)

8x, +12.6x, + 9.7x, + 10.5%, < 1,700 pounds (Material B)

X tX > .60 (Product 1 and 2 ratio)
X+ X Xy +X,




Excel the produced the following sensitivity report.
 [image: image4.png]Adjustable Cells

Final Reduced Objective  Allowable  Allowable

Cell Name Value _ Cost _Coefficient _Incremse _ Decreme
[GHE] Product 1= 3671 000 50 1153 1531
§6514 Product 5864 000 56 1323 1492
56515 Product - (19.47) 4600 18.47 1E+30
56816 Product 357 000 62 TE+30 GEE]

Constraints

Final  Shadow Constraint _ Allowable  Allowable

Cell Name Value  Price  RM.Side Increme  Decreme
§HS6_ Process 1 (hrs) Usage 60000 793 60D 148 7092
SHS5  Material AUsage 348855 - 3600 1E+30 11145
§H§9  Material B Usage 170000 260 1700 61.45 336,36
§H§7 _Process 2 (hrs) Usage 35033 - 500 1E+30 14967
SHE10 Ratio Usage - 629, i 64.45 2013





What is the maximum profit that can be made on Product 1 WITHOUT affecting the optimal product mix?


a) $36.71
b) $50.00
     c) $61.53          d) $65.31


Answer: _____


7. Excel Sensitivity Analysis 2 
Using the model and the sensitivity report from the previous problem, a manager is offered the opportunity to make a bulk purchase of 150 additional hours for Process 1 at a cost of $1050. Which of the following should the manager do without impacting the current product mix?


a) Refuse because the purchase price per additional hour is greater than the shadow price.

b) Accept because the purchase price for each additional hour is less than the shadow price and this does not impact the current product mix?

c) Refuse because this would impact his current optimal product mix.


Answer: _____


8. Excel Sensitivity Analysis 3 
Using the model and sensitivity report from the previous two problems, how many pounds of Material A are left over from the optimal solution? NOTE: If you calculations are off by + or - 0.10 from any of these choices, then select the choice that is closest to your solution.


a) 0
       b) 70.92      c) 111.45      d) 149.67


Answer: _____


9. Excel Sensitivity Analysis 4 
Use the model and sensitivity report from the previous three problems.

A manager elects to purchase 50 additional pounds of Material B at $2.00 per pound, how much additional profit can be made from this purchase?


a) $30
b) $50
c) $100
d) $130


Answer: _____


NOTE: The linear programming model and accompanying sensitivity report from QM for Windows are to be used for problems 10, 11, and 12.
10. QM for Windows Sensitivity Analysis 1 
The following model was solved using QM for Windows.

 [image: image5.png]Maximize Z = 5x; + 3x, + 2x;
Subject to:
6x, + 2%, +2x;<20
15x, + 20x, + 4x; < 75




The solution produced the following Range window (Sensitivity Report).
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Which of the following is true about the constraints?


a) Constraint 1 has no slack
    Constraint 2 does have slack

b) Constraint 1 does have slack
    Constraint 2 has no slack

c) Both constraints 1 and 2 do have slack

d) Both constraints 1 and 2 have no slack


Answer: _____


11. QM for Windows Sensitivity Analysis 2 
Use the same model and sensitivity report from the previous problem.

Which one of these adjustments to the objective function coefficients would change the optimal product mix?


a) Setting the coefficient for x1 to 6.5
b) Setting the coefficient for x2 to 7.0
c) Setting the coefficient for x3 to 2.5


Answer: _____


12. QM for Windows Sensitivity Analysis 3 
Use the same model and sensitivity report from the previous two problems.

The manager elects to purchase 25 additional units of Constraint 1 for $1.25. How much additional profit results? (Two decimal places)


a) $0.25
b) $0.31
    c) $1.25
        d) $1.56


Answer: _____


13. Diet Mix Problem 1
The dietician for the local hospital is trying to control the calorie intake of the heart surgery patients. Tonight's dinner menu could consist of the following food items: chicken, lasagna, pudding, salad, mashed potatoes and jello. The calories per serving for each of these items are as follows: chicken (600), lasagna (700), pudding (300), salad (200), mashed potatoes with gravy (400) and jello (200). If the maximum calorie intake has to be limited to 1200 calories. What is the dinner menu that would result in the highest calorie in take without going over the total calorie limit of 1200.


a) chicken, mashed potatoes and gravy, jello and salad

b) lasagna, mashed potatoes and gravy, and jello

c) chicken, mashed potatoes and gravy, and pudding

d) chicken, mashed potatoes and gravy, and salad


Answer: _____


14. Product Mix Problem 1 
Danson furniture buys 2 products for resale: big shelves (B) and medium shelves (M). Each big shelf costs $500 and requires 100 cubic feet of storage space, and each medium shelf costs $300 and requires 90 cubic feet of storage space. The company has $75000 to invest in shelves this week, and the warehouse has 18000 cubic feet available for storage. Profit for each big shelf is $300 and for each medium shelf is $150. What is the maximum profit? 

Hint: There are two decision variables and two explicit constraints


a) $30,000
b) $43,500
         c) $45,000
d) $54,000


Answer: _____


15. Investment Problem Constraint 
Assume that x2, x7 and x8 are the dollars invested in three different common stocks from New York stock exchange. In order to diversify the investments, the investing company requires that no more than 60% of the dollars invested can be in "stock two". The constraint for this requirement SHOULD be written as:


a)  x2 > 0.60


b)  x2 > 0.60(x2 + x7 +x8)


c)  0.4x2 – 0.6x7 – 0.6x8 < 0


d)  0.4x2 – 0.6x7 – 0.6x8 > 0


e)  -0.4x2 + 0.6x7 + 0.6x8 < 0


Answer: _____


16. Blend Constraint 1 
Let xij = gallons of component i used in gasoline j. Assume that we have two components and two types of gasoline. There are 8,000 gallons of component 1 available, and the demand gasoline types 1 and 2 are 11,000 and 14,000 gallons respectively. Write the supply constraint for component 1.


a) x21 + x22  [image: image7.png]


 8000
b) x12 + x22  [image: image8.png]


 8000
c) x11 + x12  [image: image9.png]


 8000
d) x21 + x22  [image: image10.png]


 8000
e) x11 + x12  [image: image11.png]


 8000


Answer: _____


17. Blend Constraint 2 
Let xij = gallons of component i used in gasoline j. Assume that we have two components and two types of gasoline. There are 8,000 gallons of component 1 available, and the demand gasoline types 1 and 2 are 11,000 and 14,000 gallons respectively. Write the constraint stating that the component 1 cannot account for more than 35% of the gasoline type 1.


a) x11 + x12 / (.35)(x11 + x21) < 0

b) x11 + .35 (x11 + x21) < 0

c) x11 + .35 (x11 + x12) < 0

d) .65x11 - .35x21  [image: image12.png]


 0 


Answer: _____


18. Marketing Problem Constraint 
If Xab = the production of product a in period b, then to indicate that the limit on production of the company's "3" products in period 2 is 400,


a) X32  [image: image13.png]


 400
b) X21 + X22 + X23  [image: image14.png]


 400
c) X12 + X22 + X32  [image: image15.png]


 400
d) X12 + X22 + X32  [image: image16.png]


 400
e) X23  [image: image17.png]


 400


Answer: _____


19. Transportation Problem 1 
A logistics specialist for Wiethoff Inc. must distribute cases of parts from 3 factories to 3 assembly plants. The monthly supplies and demands, along with the per-case transportation costs are: 

 [image: image18.png]Destination Assembly Flant

1 2 3 Supply

Source O 5 T6 200

Factory B 1 2 6 400
c _2 8 7 200

Demand 120 620 60




 




Find the optimal solution and determine how many cases should be shipped from factory C to Assembly Plant 3.


a) 35
b) 43
c) 54
d) 60


Answer: _____


20. Transportation Problem 2 
Consider the following transportation problem: 

 [image: image19.png]1 2 Supply
T 5 & 1m0

2 4 2 m
3 3 6 150
4 9 7 50
Demand 250 250





What is the total minimum transportation cost associated with this model?


a) $1550
b) $1600         c) $1700
        d) $1725


Answer: _____


21. Assignment Problem 1 

 [image: image20.png]1 2 3

Person A 5 5 4
B 12 6 3 5
c 1 6 5 7





The table above represents the average number of sales for each of three people (A, B, C) at each of four stores (1, 2, 3, 4). With three people and four stores, assigning one person per store will mean that one store is closed. Determine the number of combined sales that result when assignments of people to stores are maximized for sales.


a) 20
b) 22
c) 24
d) 26


Answer: _____


22. Transportation Problem Property 
In a balanced transportation model where supply equals demand,


a) all constraints are equalities

b) none of the constraints are equalities

c) all constraints are inequalities

d) none of the constraints are inequalities


Answer: _____


23. Transportation Problem Assumptions 
Which of the following assumptions is not an assumption of the transportation model?


a) shipping costs are constant

b) there is only one transportation route between source and destination

c) there is only one transportation mode between source and destination

d) actual supply and actual demand must be equal


Answer: _____


24. Assignment Problem Property 
An assignment problem is a special form of transportation problem where all supply and demand values equal


a) 0

b) 1
c) 2
d) greater than 1
e) none of these


Answer: _____


25. Integer Programming Problem 1 
Consider the following integer linear programming problem 

 [image: image21.png]Max Z = 3x1+2x2

Subjectto:  3x] +5x2 30
51+ 2x2528
x128
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The solution to the Linear programming relaxation is: x1 = 5.714, x2= 2.571. 
What is the Z value for the optimal solution under integer constraints?


a) 18
b) 19
c) 20
d) 24


Answer: _____


26. Mixed Integer Problem 
The Wiethoff Company has a contract to produce 10000 garden hoses for a customer. Wiethoff has 4 different machines that can produce this kind of hose. Because these machines are from different manufacturers and use differing technologies, their specifications are not the same. 

 [image: image22.png]Fixed Cost to Setup Variable
Machine Production Run CostperHom  Capacity
T 750 15 000
2 500 150 7500
3 1000 100 4000
4 300 2.00 5000






The objective cost function associated with this model is:

Min Z = 750y1 + 500y2 + 1000y3 + 300y4 + 1.25x1 + 1.5x2 + 1.0x3 + 2.0x4
                         ( F i x e d   C o s t s)             +       (V a r i a b l e   C o s t s)
where yi = 1, if machine i is used, and xi = number of hoses produced on machine i.

Based on the optimal solution, what is the total minimum cost associated with this model? 

HINT: There are five explicit constraints. The first four involve the capacity of each machine, and each of these first four constraints contains one x and one y variable. Each of these can be expressed as xi - ci*yi <= 0, where ci is the capacity of machine i. The fifth constraint is the contract constraint.


a) 13000
b) 13250
     c) 13500
        d) 13750


Answer: _____


27. Integer Programming Problem 2 
  [image: image23.png]Max Z = x1+6x2
Subjectto: 171 + 8x2 <136
3 +4x2236
x1,%2 2 0and intsger





Find the Z value of the optimal solution


a) 50
b) 52
c) 54
d) 56


Answer: _____


28. Integer Programming Property 
If we are solving a 0-1 integer programming problem, the constraint x1 + x2  [image: image24.png]


 1 is a __________ constraint.


a) multiple choice
b) mutually exclusive
c) conditional
d) corequisite
e) none of these


Answer: _____


29. Integer Programming Property 2 
If we are solving a 0-1 integer programming problem, the constraint x1  [image: image25.png]


 x2 is a __________ constraint.


a) multiple choice
b) mutually exclusive
c) conditional
d) corequisite
e) none of these


Answer: _____


30. Transshipment Problem 
The following diagram shows a transshipment network. Nodes 1, 2, and 3 are supply nodes. The supply values are to the left of these nodes. Nodes 6, 7, and 8 are demand (sink) nodes, and the demand values are to the right of these nodes. Transshipment routes between nodes are labeled with the transportation cost per unit.

 [image: image26.png]DEMAND
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What is the minimum transportation cost associated with this network?


a) 3220
b) 3470
   c) 3610
     d) 3780


Answer: _____
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