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Rutgers University, School of Business - New Brunswick

Operations Management (33:623:386:07)

Spring 2001; Instructor: Adi Ben-Israel

Midterm Exam 2- April 10, 2001

1 You have 80 minutes to complete this examination.

2 The exam has three problems, 6 pages.

3 Allowed materials:

· A single "cram sheet" in your own handwriting (both sides allowed)

· A calculator

· A dictionary if English is not your first language

4 To get full credit, give clear definitions and explanations.

1 Books (30 points)

Garden State Publishers (GSP) is considering publishing five different textbooks.  The  following table gives:

· The maximum number of copies of each textbook that can be sold, 

· the variable cost of producing each textbook, 

· the sales price of each textbook, and 

· the fixed cost of a production run for each textbook 


Book 1
Book 2
Book 3
Book 4
Book 5

Fixed cost
$80,000
$60,000
$100,000
$120,000
$160,000

Variable cost
$44
$36
$40
$30
$50

Selling price
$80
$64
$80
$76
$100

Maximum demand
6000
8000
8000
6000
10000

 For example, producing and selling 2000 copies of book 1 

· yields a revenue of $80(2000) = $160,000 but 

· costs $80,000 + $44(2000) = $168,000.  

GSP can produce at most 20,000 copies in total.  Furthermore, it can publish no more than three different types of textbooks.  Also, it knows that it cannot publish book 1 if it chooses to publish book 2.  Finally, if GSP publishes book 4 it must publish at least 4000 copies of book 5. 

Formulate an IP model  to maximizes GSP’s total profit

Solution

          Variables:

B(j)  = number of books of type j to publish

    ((j) = decision to publish type j (1 = publish, 0 = not publish)

Objective:

           Maximize (Profit = Revenue – Cost)

  Revenue = 80 B(1) + 64 B(2) +  80 B(3) +  76 B(4) +  100 B(5) 

  Cost = Fixed cost + Variable cost

  Fixed cost = 80,000 ((1) + 60,000 ((2) +  100,000 ((3) +  120,000 ((4) +  160,000 ((5) 

    Variable  cost = 44 B(1) +  36 B(2) +  40 B(3) +  30 B(4) +  50 B(5) 

Constraints:

    0 <= B(1) <=   6,000 ((1)

    0 <= B(2) <=   8,000 ((2)

    0 <= B(3) <=   8,000 ((3)

    0 <= B(4) <=   6,000 ((4)

    4,000 ((4) <= B(5) <= 10,000 ((5)

    ((1) + ((2) + ((3) + ((4) + ((5)  <= 3

    ((1) + ((2) <= 1

    ((j) = 0,1 (j=1,…,5)

2 Chemicals (35 points)

Garden State Chemicals, Inc. can produce the chemical XYZ at five different plants. The company can operate 3 warehouses. The following table gives:

· The cost per ton of manufacturing XYZ at each plant and shipping it to each warehouse

· The annual fixed cost of operating each plant

· The annual capacity (in tons) of each plant 


Warehouse





Plant
1
2
3
Fixed cost
Capacity

1
$2,400
$1,600
$2,000
$80,000
6000

2
$1,400
$1,400
$1,000
$84,000
4000

3
$1,000
$1,600
$1,200
$90,000
6000

4
$1,400
$1,000
$1,200
$80,000
8000

5
$1,000
$1,400
$1,200
$70,000
4000

This company has four major customers.  The following table gives:

· The cost of shipping a ton of XYZ from each warehouse to each customer 

· The annual fixed cost of operating each warehouse


Customer





Warehouse
1
2
3
4
Fixed cost

1
$100
$100
$80
$60
$120,000

2
$120
$160
$140
$80
$80,000

3
$180
$120
$160
$160
$40,000

The annual demand (in tons) of each customer is as follows:

Customer
1
2
3
4

Demand
5000
3000
6000
4000

Formulate an IP model to minimize the annual cost of meeting all customer demands.  

Solution

          Variables:

P(p,w)  = number of tons shipped from plan p to warehouse w

                 P=1,…,5,   w=1,2,3

W(w,c) = number of tons shipped from warehouse w to customer c

                 C=1,…,4

    ((p) = decision to operate plant p (1 = operate, 0 = not operate)

    ((w) = decision to operate warehouse w (1 = operate, 0 = not operate)

Objective:

           Minimize Cost

  Cost = Shipping costs from plants to warehouses + 

              Shipping costs from warehouses to customers + 

              Fixed costs of operating plants + 

              Fixed costs of operating warehouses

 Shipping costs from plants to warehouses = 

                    2,400 P(1,1) + 1,600 P(1,2) + … + 4,000 P(5,3)

 Shipping costs from warehouses to customers = 

                    100 W(1,1) + 100 W(1,2) + … + 160 W(5,4)

 Fixed costs of operating plants =

                     80,000 ((1)  + …..+ 70,000 ((5)

 Fixed costs of operating warehouses =

                    120,000 ((1) + …. + 40,000 ((3)

Constraints:

 P(1,1) + P(1,2) +  P(1,3) <= 6,000  ((1)  

 P(2,1) + P(2,2) +  P(2,3) <= 4,000  ((2)  

 P(3,1) + P(3,2) +  P(3,3) <= 6,000  ((3)  

 P(4,1) + P(4,2) +  P(4,3) <= 8,000  ((4)  

 P(5,1) + P(5,2) +  P(5,3) <= 4,000  ((5)  

 W(1,1) + W(2,1) + W(3,1) >= 5,000

 W(1,2) + W(2,2) + W(3,2) >= 3,000

 W(1,3) + W(2,3) + W(3,3) >= 6,000

 W(1,4) + W(2,4) + W(3,4) >= 4,000

 W(1,1) + W(1,2) + W(1,3) + W(1,4) <= 18,000 ((1)

 W(2,1) + W(2,2) + W(2,3) + W(2,4) <= 18,000 ((2)

 W(3,1) + W(3,2) + W(3,3) + W(3,4) <= 18,000 ((3)

 P(p,w) >= 0 for all p, w

 W(w,c) >= 0 for all w, c

 ((p) = 0,1 for all p

 ((w) = 0,1 for all w

3 Bikes (35 points)

Garden State Wheels (GSW), a bicycle manufacturer, is determining its production schedule for the next 6 months.  Assume that it costs GSW $150 to manufacture each bicycle.  Moreover, if GSW decides to produce any bicycles during a month it incurs a setup cost of $10,000 per month.  At the end of each month, a holding cost of $35 per bicycle left in inventory is incurred.  No more than 200 bicycles can be stored in inventory at any point in time.  Monthly demands for bicycles are projected to be as follows: 


Month 1
Month 2
Month 3
Month 4
Month 5
Month 6

Demand during month
150
175
165
156
169
178

Assume that at the beginning of month 1, 10 completed bicycles are in inventory.  Finally, GSW can produce up to 300 bicycles per month. 

Formulate an IP model to minimize the total cost of  meeting all demands on time.

Solution

          Variables:

X(j)  = number of bicycles to produce in month j , j = 1,…,6

    ((j) = decision to produce in month j (1 = produce, 0 = not produce)

    I(j) = inventory at end of month j

Objective:

           Minimize Cost

  Cost = Fixed cost + Variable cost + Holding cost

  Fixed cost = 10,000 [ ((1) + ((2)  +  ((3)  +  ((4)  + ((5)  +  ((6) ]

    Variable  cost = 150 [ X(1) +  X(2) + X(3) +  X(4) +  X(5)  + X(6) ]

   Holding cost = 35 [ I(1) +  I(2) + I(3) +  I(4) +  I(5)  + I(6) ]

Constraints:

    0 <= X(1) <=   [ 150 + 175 + 165 + 156 + 169 + 178 ] ((1)

    0 <= X(2) <=   [ 175 + 165 + 156 + 169 + 178 ] ((1)

    0 <= X(3) <=   [ 165 + 156 + 169 + 178 ] ((1)

    0 <= X(4) <=   [ 156 + 169 + 178 ] ((1)

    0 <= X(5) <=   [ 169 + 178 ] ((1)

    0 <= X(6) <=   [178 ] ((1)

    I(1) = 10 + X(1) – 150

    I(2) = I(1) + X(2) – 175

    I(3) = I(2) + X(3) – 165

    I(4) = I(3) + X(4) – 156

    I(5) = I(4) + X(5) – 169

    I(6) = I(5) + X(6) – 178

    0 <= I(j) <= 200    for all j

    ((j) = 0,1 (j=1,…,6)
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