Rutgers University, School of Business - New Brunswick

Operations Management (33:623:386:04)

Fall 2000; Instructor: Adi Ben-Israel

Midterm Exam 2- November 16, 2000

· You have 80 minutes to complete this examination.

· The exam has three problems.

· Allowed materials:


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



A calculator

            A dictionary if English is not your first language
1. PC’s (30 points).

Rutgers University must purchase 1500 computers, for all its business majors, from four vendors: 

· Vendor 1 charges $500 per computer plus a total delivery charge of $5000. 

· Vendor 2 charges $400 per computer plus a total delivery charge of $6000.

· Vendor 3 charges $300 per computer plus a total delivery charge of $7000.

· Vendor 4 charges $200 per computer plus a total delivery charge of $8000.

Vendor 1 will sell the university at most 1200 computers, Vendor 2 at most 1000, Vendor 3  at most 800 and Vendor 4, at most 1000. All four vendors require that each order should be at least 500 computers.  The University would like to deal with at most 2 vendors.

Formulate a problem to minimize the cost of purchasing the needed computers.

Solution:

Variables:

(k = 1 if Rutgers buys from Vendor #k, k=1,..,4; 

(k = 0 otherwise

Xk = # of computers bought from Vendor #k, k=1,..,4

Objective:

Cost =  500 X1 + 400 X2 + 300 X3 + 200 X4 + 5000 (1 + 6000 (2 + 7000 (3 + 8000 (4

             to be minimized

Formulation:

Min 500 X1 + 400 X2 + 300 X3 + 200 X4 + 5000 (1 + 6000 (2 + 7000 (2 + 8000 (4

s.t. 

(1) X1 + X2 + X3 + X4 >= 1500 (demand)

(2) (1 + (2 + (2 + (4 <= 2 (at most two vendors)

(3) X1 <= 1200 (1 (max purchase from Vendor 1)

(4) X2 <= 1000 (2

(5) X3 <= 800 (3

(6) X4 <= 1000 (4 (max purchase from Vendor 4)

(7) X1 >= 500 (1 (min purchase from Vendor 1)

(8) X2 >= 500 (2

(9) X3 >= 500 (3

(10) X4 >= 500 (4 (min purchase from Vendor 4)

(11) (1 , (2 , (2 , (4 binary

(12) X1 , X2 , X3 , X4 >= 0

(13) X1 , X2 , X3 , X4 integer

2. Trucks (40 points).

Atlas Truck Body has three products, a flatbed truck, a moving van, and a tanker truck.  There are at most seven days left before the plant shuts down for its annual vacation, and Atlas wants to make the most possible profit within that time.  Data on the three products are as follows:


Flatbed
Moving Van
Tanker

Minimum Production, if any produced
3
2
2

Profit per Unit
$ 2,000
$ 5,000
$ 7,000

Labor Days per Unit
1
2
3

If Atlas makes any flatbeds, they must make at least three. They may also make more than three if they wish, but if they decide to produce less than three, then they cannot produce any.  Similarly, if Atlas produces any moving vans, they must produce at least two, and a similar restriction applies to tankers.  Each flatbed truck takes one day to produce and yields a profit of $2,000.  The table gives similar information for moving vans and tankers. 

Atlas is trying to use the following (partially filled in) spreadsheet model to find the highest-profit production plan from now until the shutdown.  Partially completed trucks will not be considered as contributing to profits for the period

Parts (a), (b), and (c) concern the correct completion of the spreadsheet model.
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Flatbed

Moving Van

Tanker

Minimum Production, if any Produced

3

2

2

Profit per Unit

2,000

$

5,000

$

7,000

$

Labor Days per Unit

1

2

3

Total Days Available

7

Maximum Possible Production

Produce Any?

Production

Logical Lower Bound

Logical Upper Bound

Profit

=SUMPRODUCT(B11:D11,B3:D3)

Labor Usage

=SUMPRODUCT(B11:D11,B4:D4)


(a) Cell B8 is intended to contain the maximum number of flatbeds that could be produced in the days available before the shutdown (in cell B6), assuming that no other kinds of trucks are made.  What formula would you enter in cell B8?  Make sure your answer could simply be copied to C8 and D8 to calculate similar values for moving vans and tankers, respectively.

                                                      = $B$6/B4

(b) What values would you enter in cells B13 and B14 to give lower and upper limits on the production of flatbeds?  Make sure your answers will yield correct answers for moving vans and tankers when copied to C13:C14 and D13:D14, respectively.

                                           In B13:   =  B2 * B10
                                           In B14:   =  B8 * B10

(c) Indicate the Solver settings and options you would use to solve this model. What is the “target cell”?  Should you maximize or minimize it?  What are the changing cells?  What are all the constraints? 

Target cell:   B16

Maximize

Changing cells:  B10:D11

Constraints:

(1)  B10:D10 binary

(2)  B11:D11 integer

(3)  B11:D11 >= 0

(4)  B11:D11 >= B13:D13

(5)  B11:D11 <= B14:D14

(d) Algebraically formulate this problem as an integer program.  Include clear, complete definitions of the decision variables.

Variables:

We denote by k = item type, k = F (flatbad), V (van)  or  T (track)

(k = 1 if the company produces item k,

(k = 0 otherwise

Xk = number of items of type k produced.

Objective: 

Profit = 2000 XF + 5000 XV + 7000 XT (to be maximized)

Formulation:

Max  2000 XF + 5000 XV + 7000 XT

s.t.

(1) XF + 2 XV + 3 XT <= 7 (days available)

(2) XF <= 7 (F (upper bounds)

(3) XV <= 3.5 (V

(4) XT <= 2.33 (T

(5) XF >= 3 (F (lower boundes)

(6) XV >= 2 (V

(7) XT >= 2 (T

(8) (F, (V, (T binary

(9) XF, XV, XT integer

(10) XF, XV, XT >= 0

3. Production scheduling (30 points)

Garden State Widgets (GSW), Inc. must plan its production for the next five months. The demand for widgets during the next five months, and the relevant costs are tabulated below. 

Month
Demand
Setup Cost ($)
Unit Production Cost ($/widget)

1
100
2000
50

2
200
1800
60

3
200
1500
70

4
150
1800
80

5
300
2000
80

For example, the demand in month 2 is 200 widgets. If any widgets are produced in month 2 there is a setup cost of $1800, in addition to a production cost of 60 $/widget.

At the end of each month there is a holding cost of 20 $ per each widget in stock.

All demand must be met on time. The inventory at the beginning of month 1 is 50 widgets. Formulate a problem for minimizing the cost of meeting demand.

Solution

Variables:

(k = 1 if the company produces in Month k, k =1,..,5

(k = 0 otherwise

Wk = number of widgets produced in Month k, k=1,..,5

Sk = number of widgets in stock at end of Month k, k=0,..,5

S0 = initial inventory (given)

Objective:

Cost = 2000 (1 + 1800 (2 + 1500 (3 + 1800 (4 + 2000 (5 (setup costs)

+ 50 W1 + 60 W2 + 70 W3 + 80 W4 + 80 W5 (production costs)

+ 20 (S1 + S2 + s3 + s4 + S5) (holding costs)

Formulation:

Min 2000 (1 + 1800 (2 + 1500 (3 + 1800 (4 + 2000 (5 + 50 W1 + 60 W2 + 70 W3 

           + 80 W4 + 80 W5 + 20 (S1 + S2 + s3 + s4 + S5)

s.t.

(1) S1 = 50 + W1 – 100

(2) S2 = S1 + W2 – 200

(3) S3 = S2 + W3 – 200

(4) S4 = S3 + W4 – 150

(5) S5 = S4 + W5 – 300

(6) W1 <= 900 (1

(7) W2 <= 850 (2

(8) W3 <= 650 (3

(9) W4 <= 450 (4

(10) W5 <= 300 (5

(11) S1, S2, S3, S4, S5 >= 0 (no backlogs)

(12) (1, (2, (3, (4, (5  binary

(13) W1, W2, W3, W4, W5 >= 0
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