IE 613 Spring 2004

Homework #4

1. 
Suppose there are 3 machines and 1 repair person.  Each machine has a mean time to failure of 10 hours, and a repair takes 4 hours on average.  Compare the machine interference system performance measures (, , and TH) for each of the following cases:

(a) Times to failure and repair are deterministic.

(b) Times to failure and repair are exponential.

(c) The time to repair is exponential, time to failure is Erlang (k=2).

(d) The time to failure is exponential, time to repair is Erlang (k=2).  You can consult the equations in the text on p.33 but it might be easier to draw a state-transition diagram and write the equations down directly from the diagram.

2.  Data have been collected on jobs that arrived at a printing shop between the opening time, 9:00 a.m. and 12:00 noon.  See the file HW4data.xls.

(a)  Calculate (i) average and standard deviation of time in queue, (ii) average and standard deviation of time in system; and (iii) average and standard deviation of tardiness. 

(b) Plot the cumulative arrivals, cumulative departures from queue, and cumulative departures from the system.  For the time interval from 9:00 to 12:00, determine (i) average and standard deviation of customers in queue and (ii) average and standard deviation of customers in system.

(c) From your answers to (a) and (b), verify Little’s formula for customers in queue.  Also, check Little’s formula for customers in system.  Explain why the formula is not verified for customers in system and give a remedy.

(d) Determine the throughput and utilization over the 9:00 – 12:00 period.

3. A graduate research assistant “moonlights” at the short-order counter in the student union snack bar in the evenings.  He is the only one on duty at the counter during the hours he works.  Arrivals to the counter seem to follow the Poisson distribution with mean of 10/hr.  Each customer is served one at a time and the service time follows an exponential distribution with a mean of 4 min.

(a) What is the probability of having a queue?

(b) What is the average queue length?

(c) What is the average time a customer spends in the system?

(d) What is the probability that a customer spends more than 10 minutes in the system?

(e) The graduate assistant would like to spend his idle time grading papers.  If he can grade, on the average, 22 papers in an hour, how many papers per hour can he average while working his shift?

4.  Isle-Air airlines offers air shuttle service between Beaver Island and Charlevoix every 2 hours.  The procedure calls for no advance reservations but for passengers to come directly to the gate from which the shuttle leaves to purchase their tickets.  Passengers arrive according to a Poisson process with a rate of 18/hr.  There is one agent at the gate check-in counter, and a time study provided the 50 observations on the processing time in minutes contained in HW4data.xls.  On the average, how many are in the queue waiting for tickets and what is the average wait in the queue?  (Hint:  Find the sample mean and variance of the service times.)

5.  Machines in a machine shop break down according to a Poisson process with a total rate of 5/hour.  There is a single repair technician, who takes 6 minutes (deterministic) to repair a machine.  Show that the moment generating function of the number of customers in the system is
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What is the steady state probability that there is a queue of machines waiting to be repaired?

6.  Text problem 3.4

7.  Text problem 3.7
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