Definitions

	(
	Arrival rate (per time unit)

	(
	Service rate (per time unit) = 1/service time

	P0
	Probability of no customers in the system

	Pw
	Probability that a customer needs to wait

	Lq
	Average number of customers waiting in line

	L
	Average number of customers in the system

	Wq
	Average time customers wait in line

	W
	Average time customers spend in the system


Queueing Problems (Set 1)

For the first six problems assume Poisson arrival and exponential service time (M/M/k). Also, assume one line for multiple servers and infinite calling population.

1. Customers arrive at a drive through window at a rate of 10 per hour. There is one server at the window, and service time is about 4.8 minutes.

a. What is the average length of the line?

b. What is the average waiting time in line?

c. What is the total time in the system?

d. What is the probability of no customers in the system?

e. What is the probability a customer has to wait in line?

2. The manager observes that the lines are too long and assigns a second worker to the drive through. He has two options: a) have the second server help the first one at the same window, thus reducing service time to 2.5 minutes b) open a second window each served by one server at the same average time of 4.8 minutes.  Which option is better?

a. when considering waiting time in line

b. when considering total time in the system.

3.  There are two advising centers on campus (far from each other). Each center is visited, on the average, by three students per hour and advising time is about 15 minutes. It is suggested to combine the two centers into one place with one waiting room and two advisors. 

a. Do the students wait a shorter period in line?

b. If so, by how much?

c. How many students can you serve per hour in the combined center so that waiting time in line will not exceed 5 minutes?

d. Create a table (for the combined center) for waiting time in line, total waiting time, and number of students waiting in line for service times of 10, 11,…,19 minutes.

4. You provide a toll free service telephone with ten different lines, one operator per line, each getting about 20 calls per hour.  Providing the service takes about 2 minutes.

a. How long is the average customer put on hold?

b. What is the probability a customer is answered immediately?

c. You decided to merge these 10 different lines into one line with 10 operators. The calls are transferred to the first available operator by a router in the order they are received. How long does a customer wait in line now?

d. What is the probability a customer is answered immediately?

e. How many operators do you need to provide a similar service level (in terms of waiting time in line) as the previous arrangement (10 different lines?) 

5.  You operate a car dealership service with many mechanics. Whenever a mechanic needs a part, he needs to walk to a central location and get it from a dispatcher. On the average, 12 mechanics need a part each hour, and it takes the dispatcher about 3 minutes to provide the part. One hour of lost time by a mechanic costs you $50 in revenue. You consider adding a second dispatcher at a cost of $30 per hour. Each dispatcher will serve the first mechanic in line and service time will remain 3 minutes.

a. How much money per hour will you save, or loose, by adding a second dispatcher?

b. What should be the cost of the second dispatcher so that the options are equivalent?

c. How many mechanics can you serve per hour (paying a dispatcher $30) so that the two options are equivalent?

6. 20 customers arrive, on the average, to a DMV office each hour. They first see a receptionist which checks their documentation. The receptionist takes about 2.4 minutes to process a customer. 20% of the customers are sent to bring additional documentation. Customers who have all the documentation need either a driver license renewal or a car registration renewal. Three quarters of the remaining customers are sent to a driver license window. There are three such windows and renewing a driver license takes about 12 minutes. One quarter are sent to the only car registration window. Renewing a car registration takes about 10 minutes.

How long (in minutes) does it takes for a customer from the moment he enters the DMV until he is done if:

a. He needs more documentation

b. He needs a driver license renewal

c. He needs a car registration renewal

d. Calculate this time for an average customer.

Queueing Problems (Set 2)

For all the problems below assume Poisson arrival.

1. In a fast food restaurant customers arrive at the drive through window at a rate of 7.2 per hour. Service time is normally distributed with a mean of 6.5 minutes and standard deviation of 2.8 minutes.

a. How long do customers wait in line?

b. What is the average length of the line?

c. What is the probability a customer needs to wait in line?

d. What is the probability of no customers in the system?

2. There are 18 gates in a stadium and before a baseball game 16,000 people per hour show up at the gates. You assume that the arriving people divide evenly among the gates. It takes exactly 4 seconds for everyone to get through the gates.

a. What is the average length of the line in front of each gate?

b. How long does it take from the moment you arrive at the stadium until you are inside?

c. How many people are waiting outside the stadium (or at a gate)?

3. Your car repair shop is open 13 hours a day (6am to 7pm). On the average you have 32 customers on a normal day. Assume that the arrival of customers is spread evenly during the first 12 hours of the day (until 6pm) and no customers show up in the last hour. It takes about 20 minutes to serve a customer with a standard deviation of 10 minutes. The distribution of the service time is uniform.

a. How long does it take from the moment a customer arrives until his car is ready to be picked up?

b. How many cars are still waiting in line one hour before closing?

c. When is your expected closing time?

For the next questions assume Poisson arrival and exponential service time.

4. You operate 10 machines and each machine breaks down on the average every 4 days. You have a technician on duty and it takes him about one day to fix a machine.

a. How many machines are not operating on the average?

b. How long does it take from the moment a machine breaks down until it is back in service?

c. How many machines are working?

d. What is the probability that all machines are working?

e. When a machine is not working it costs you $500 per day in lost profit. You can let go your technician and hire a more experienced one for an extra $120 per day. The more experienced technician will fix the machines in 0.8 days. Should you do it?

f. How much extra will you be willing to pay the better technician?

g. Assuming that the better technician does get $120 more per day. What should be his average time to fix a machine to justify the extra pay?

5. You are a serviceman that serves 10 customers. Each customer calls you, on the average, once in two days (if a customer called, he/she will not again before the service on the first call is completed). Service time is about one hour. You work 8 hours a day and do not accept calls in the last two hours. Assume that calls for service are evenly spread throughout the six hours in which you accept calls.

a. How many customers are waiting for service two hours before the end of the day?

b. What is the probability that you finished your work two hours before the end of the day?

c. How long does it take from the customer's call until the service is completed?

d. What is the expected length of your workday?

6. You have 5 machines on the floor. Each machine breaks down once a day, on the average. It takes a repairman to fix a machine about a quarter of a day.

a. How many machines are working on the average?

b. You decide that the number of working machines is too low and added 2 machines to the floor. How many machines are working now?

c. Repeat the calculation for 10, 11, 12,…,20 machines and create a table for the number of working machines?

d. What is your conclusion and recommendations?
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