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Operations Management  (22:711:578)

Fall 1997; A. Ben-Israel

Final Exam —December 17, 1997

This is an open book exam. Calculators can be used. Use of brain is optional.

There are 5 problems of equal weight. Please do any 4, and cross out one problem.

Make sure to write your name, and problem number, on every page, and your id number on the 1st page.

You have two hours from right now. Good Luck!

1. Simulation[image: image3.wmf]. A building contains 1000 light bulbs. The life (in days) of a bulb is random variable with normal distribution N ((, (). The supplier claims that ( = 100 days and  ( = 20 days. The cost of replacing a single bulb is:

                50 cents if it is burnt out,

                10 cents if the bulb is replaced before burning out,

in addition to the cost of the bulb, 80 cents.

Management wants to test a policy of replacing all bulbs after T days, while continuing to replace bulbs that have expired before the scheduled replacement. You were hired as consultant.

(a) Explain in detail how simulation can be used to determine the optimal T, and in particular the use of random numbers and distribution functions. (15 points).

(b) Management suspects that ( is smaller than claimed by the supplier. If true, does it  change the optimal T? How? (4 points).

(c) Is simulation applicable in this situation? If no, why? If yes, give an example of a management problem where simulation is not applicable. (3 points).

(d) Guess the value of the optimal T. Explain your reasoning. (3 points).
2. Decision. You have to choose between buying a new or used van for your company, and keep it for one year. A new van costs $16,000, and its resale value next year is a random variable described as follows:

Resale value 
$10,000
$11,000
$12,000     

Probability
0.3
0.4
0.3

A used van costs $8,000. Only after buying the car will you find out what condition it is in, and specifically whether it is a lemon or non-lemon. It is estimated that 40% of all used vans are lemons. The expected annual cost of repairs and the resale value next year depend on the condition of the car, as follows:

Condition of used car 
Probability
Expected annual repair costs
Resale value next year

Lemon         
0.4
$2,500
 $6,000

Non-lemon
0.6
$1,500
 $7,000

For $200, you can have a used car checked by an expert, whose report consists of one word: good or bad. The expert knows the distribution of lemons, so he declares 40% of the cars to be bad, and 60% to be good. The expert is not infallible: if he declares a car bad, he is right 80% of the time, and if he finds a car good, he is right with probability .75, that is (reading “|” as “given”):

Probability{non-lemon | expert says good} =  .75 ,  Probability{lemon | expert says good} =  .25

Probability{non-lemon | expert says bad}   =   .20 , Probability{lemon | expert says bad}  =  .80

Because time is short, you can look at only one used van.  Therefore, if you hire an expert, you will either buy the used van that he checked, or buy a new van.

(a)  Decide on an optimal course of action . (15 points).

(b) Calculate the EVSI provided by the expert. (5 points).

(c) Calculate, and explain, the EVPI (5 points).

[image: image4.wmf]
Caribbean is currently considering using a 737 aircraft on this route.  The 737 can carry up to 5 containers, and can make the flight at a cost of  $10,500 plus $500 per container carried.  Their revenue is $4,300 per container carried.  To estimate their expected profit, they are using the following spreadsheet simulation based on 250 trials (replications):

[image: image6.wmf]
Cell A29 contains the formula =A28+1, and cell B29 contains =RAND(). Rows 30-278 are all copies of row 29, making a block of 250 similar rows.

(a)  What formulas should be in cells C29:G39?  Make sure these formulas will remain correct when copied to C30:G278.

(b)  What formulas should be in cells A24:D24?

(c)  The firm wants to evaluate another option: assigning a 727 aircraft to the route.  This aircraft holds 7 containers, and can make the flight at a cost of  $16,000 + $450 per container carried.  Describe the changes they should make to spreadsheet to evaluate this possibility.

Q5:  Linear Programming Formulation

Garden State Turkeys (GST) produces two types of turkey cutlets, deluxe and standard. Each type of cutlet consists of white meat and dark meat. Deluxe cutlets sell for $4 per pound and must consist of at least 70% white meat. Standard cutlets sell for $3 per pound and must have at least 60% white meat. At most 60 pounds of deluxe cutlets  and 30 pounds of standard cutlets can be sold. GST buys two types of turkeys from its supplier. Each type 1 turkey costs $10 and yields 5 pounds of white meat and 2 pounds of dark meat. Each type 2 turkey costs $7 and yields 3 pounds of white meat and 3 pounds of dark meat. 

Write an LP to maximize GST’s profit. Define all your variables, and explain your constraints.

Q6:  Decision Trees

You have decided to get a cheap sports car for one year. You have decided on a car model called the Messalina, and now you must choose between buying new or used. A new Messalina costs $15,000, and its resale value next year is a random variable described as follows:

Resale value of Messalina
$11,000
$13,000

Probability
0.7
0.3

A used Messalina costs $8,000. Only after buying the car will you find out what condition it is in, and specifically whether it is a lemon or non-lemon. It is estimated that 40% of all used Messalinas are lemons. The expected annual cost of repairs and the resale value next year depend on the condition of the car, as follows:

Condition of used car 
Probability
Expected annual repair costs
Resale value next year

Lemon         
0.4
$2,500
 $6,000

Non-lemon
0.6
$1,500
 $7,000

For $200, you can have a used car checked by an expert, whose report consists of one word: good or bad. The expert knows the distribution of lemons, so he declares 40% of the cars to be bad, and 60% to be good. The expert is not infallible: if he declares a car bad, he is right 75% of the time, and if he finds a car good, he is right with probability 5/6, that is (reading “|” as “given”):

Probability{non-lemon | expert says good} =  5/6 ,  Probability{lemon | expert says good} =  1/6

Probability{non-lemon | expert says bad}  =   1/4 ,  Probability{lemon | expert says bad} =  3/4

Because time is short, you can look at only one used car.  Therefore, if  you hire an expert, you will either buy the used car that he checked, or go back to the Messalina dealer and buy a new car.

(a)  Decide on a course of action which maximizes your EMV.

(b)  Calculate the EVSI provided by the expert.

Q7:  Critical Path Method (CPM)

You have begun your career after completing your degree at Rutgers by accepting a position with a prestigious accounting firm.  Your initial assignment is in the audit department.  Your manager has provided you with the protocol for the design of an audit, as listed in the following table: 


Activity

Description

Predecessors
Duration (days)

A
Determine terms of engagement.
--
3

B
Appraisal of audit risk and materiality.
--
6

C
Identification of types of transactions and possible errors.
A, B
14

D
Systems description.
B
8

E
Verification of systems description.
C,D
4

F
Evaluation of internal controls.
C
8

G
Design of audit approach.
E, F
9

(a)  Draw the project network.

(b)  What is the critical path?  What is the duration of the project (in days)?  Show your work.

You have a preferred customer who needs you to complete the design of the audit sooner. Your boss provides you with a list of the activities that can be shortened and the costs associated with the time reduction:

Activity
Cost of Reducing Duration ($/day)
Maximum Possible Reduction (days)

C
$80
3

D
$60
8

F
$30
2

G
$50
2

(d)  Can the project be shortened by 8 days?  Explain.

(e)  What is the cheapest way to shorten the project by 1 day?  Explain.

Q8:  Network Flow Models, Linear Programming, Excel, Solver
This month, you must supply a product to three customers, each requiring 30 units.  You have two warehouses from which to service these customers.  The first warehouse has 40 units available and the second warehouse has 30 units.  You can also purchase up to an additional 50 units from an affiliate company and ship to either warehouse at a cost of $48/unit.  The shipping costs to the customers are shown in the table below: 



TO


FROM
Customer 1
Customer 2
Customer 3

Warehouse 1
$15
$35
$25

Warehouse 2
$10
$30
$40

You would like to supply your customers’ needs at the least possible cost.  To this end, you have created the following (partial and not necessarily optimized) spreadsheet model:
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Available in Warehouse

Shipping Costs

Warehouse 1

40

From Affiliate to 

Warehouse 2

30

Warehouse 1

48

Warehouse 2

48

Shipment Costs

To

From

Customer 1

Customer 2

Customer 3

Shipped From Affiliate to 

Warehouse 1

15

35

25

Warehouse 1

10

Warehouse 2

10

30

40
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10

Total

=G7+G8

<=

Available

50

Shipments

To

From

Customer 1

Customer 2

Customer 3

Total Shipped

Warehouse 1

20

20

10

???

<=

???

Warehouse 2

10

10

20

???

<=

???

Total supplied

???

???

???

=

=

=

Total Cost

Demand

30

30

30

???


(a)  What should you use for the missing formulas in cells E14:E15, G14:G15, B16:D16, and F18?

(b)  Indicate all the Solver settings you would use to solve this problem:  what is your target cell?  Is it minimized or maximized?  What are your changing cells?  What are all your constraints?  Should you “assume linear model”?

(c)  Draw a network representation of this problem.

(d)  Write out an algebraic linear programming formulation.

Q9:  Linear Programming Sensitivity, Excel, Solver
Consider the linear program

            Max    3 X1  +  2 X2  +   X3   +    X4

             s.t.

     (1)                X1  +  2 X2  +   X3   + 2 X4   <=   40

     (2)             2 X1  +     X2  -    X3   +    X4   <=   30

     (3)                X1  +  2 X2  +   X3   +    X4   <=   20

                         X1   ,     X2   ,   X3   ,      X4   >=     0

with 4 products and 3 resources. The decision variables X1, X2, X3, X4 are the amounts of the 4 products made. Constraints (1), (2) and (3) describe the consumption of  resources 1, 2 and 3 by the products; the available amounts of the resources are given by the right-hand sides (RHS’s) of the constraints (40, 30, and 20 respectively).. 

The problem was solved using Solver, giving the following results.




Sensitivity Report




Note that cell F6 contains the formula =SUMPRODUCT(B6:E6,B$11:E$11), and F7:F8 contain copies of F6.  Cell H3 contains =SUMPRODUCT(B3:E3,B11:E11).

(a) What is the optimal solution ?

(b) What is the optimal objective value?

In parts (c)-(g), assume that exactly one number changes, and all other data remain the same. If  you do not have enough information, say insufficient information.

(c)  How do the optimal solution and the optimal objective value change when the objective coefficient of  X1 increases from 3 to 103?

(d)  How do the optimal solution and the optimal objective value change when the objective coefficient of  X2 decreases from 2 to (1?

(e)  How do the optimal solution and the optimal objective value change when the objective coefficient of  X3 increases from 1 to 4?

(f)  How does the optimal objective value change when the RHS of  constraint (1) increases from 40 to 41?

(g) How does the optimal objective value change when  the RHS of  constraint (3) increases from 20 to 21?

In parts (h)-(j), explain your reasoning.

(h) The government offers you $1.50 if you change X2  from 0 to 1.  Should you accept the offer? 

(i)  Mr. Smith offers to sell you one unit of resource 2 at the price of  $0.55.  Should you buy?

(j)  Mr. Smith wants to buy one unit of resource 3 from you, and offers $2.00.  Should  you sell?

End of the Exam.
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