Service Engineering

Homework 10

Theoretical Analysis of Service Stations in Steady State.

Priority Queues.

Submit questions: Part I: 2,3,4; Part II: 2,3; Part 3: all; Part4: 6-12.

Part I. ‘Anonymous Pizza” Case Study

Adapted from J.A.Fitzsimmons, M.J.Fitzsimmons “Service Management: Operations,
Strategqy and Information Technology”, Irwin McGraw Hill, 1998.

Anonymous Pizza is a delivery-only pizza service promising delivery within 40 minutes of
receiving a call for an order, otherwise the customer gets $2.5 off the price. Anonymous
employs a single pizzamaker, who is paid $10 per hour, and who can make, on average,
one pizza every 3 minutes. This service time has an exponential distribution. Pizzas
are placed in a large oven with a capacity for ten pizzas to bake for approximately 12
minutes. A team of six delivery persons serves the neighboring population. The travel
time to deliver a pizza in the market area and then return averages 10 minutes, with an
exponential distribution. The one-way travel time is equal to the half of the two-way
travel time. During evening times, calls for pizza arrive randomly, on average one every
5 minutes. Pizzas are delivered one at a time to customers by drivers who use their own
cars and are paid $7.5 per hour.

Question 1. (Solved) Draw a process flow diagram, and identify the bottleneck oper-
ation.

Briefly summarize the assumptions that you are using in order to construct a mathematical
model of Anonymous Pizza activities. Use the model to answer the following questions.

Question 2. FEvaluate the delivery guarantee. What is the probability of paying the
$2.5 off on the guarantee?

Question 3. Determine the number of delivery persons required to ensure that the
average waiting time for a complete ready-to-send pizza to be picked up for delivery is
limited to one minute.

Question 4. Is it reasonable to change the number of pizzamakers (one currently) or
drivers (six currently)? Use cost-benefit considerations.



Appendix for Part I
The following formulas can be helpful in your solution.

Sum of two exponential random variables.

Assume that X ~ exp(A;), Y ~ exp(Ay), X and Y are independent and A; # A2. Then
straightforward calculations provide us with the following cumulative distribution function

of X +Y:

A2 — A\ A1 — Ao

— oz

F(z) = 1— e

Sum of three exponential random variables.

Assume that X ~ exp(\1), Y ~ exp(As), Z ~ exp(A3), X, Y and Z are independent and
A1 # Ay # A3. Then the cumulative distribution function of X + Y + Z is given by:
A2A3 A1A3 AlAQ

Fle) = 1= (As = A1) (A2 — )\1)6411_ (A1 = A2) (A3 — )\2)€7m_ (A1 = A3) (A2 — )\3)6%336 '

Part II. M/G/n Queues.

Queueing performance for varying service-time distributions.

A team of company electricians consists of 3 workers. The team receives alarm calls every
15 minutes on average. The arrival of the calls can be modeled by a time-homogeneous
Poisson process. It was found that the average service time is 40 minutes. The following
four hypotheses concerning the service-time distribution are considered:

a. The service time is exponential.
b. The service time is Pareto distributed with o = 2.5.
c. The service time is Pareto distributed with a = 1.5.

d. The service time is lognormally distributed with o=1.

Question 1. (Solved) Calculate the missing parameters of the above distributions (use
hours as time-units).

Question 2. For each of the four distributions a-d calculate the average waiting time
(average time between a call and the start of its service).
Use the Allen-Cunneen approximation for the M/G /3 queue, when applicable. Conjecture
what happens when the approximation is not applicable.

Question 3. Assume now that the company has hired enough electricians to handle all
alarm calls immediately (an M/G /oo model). What is the steady-state distribution of the
number of calls being served?



Appendix for Part II

1. The density and the survival function of the Pareto distribution with parameters
a >0, k>0, are given as :

ak® E o\
R (=
For a random variable X that is Pareto distributed,
2
EX = K : EX? = 2k
a—1 (0 —2)(a—1)

(If o« < 1 the expectation is infinite. If o < 2 the variance is infinite.)

2. For the explanations on the Allen-Cunneen approximation, see Hall Section 5.5.2
(pages 153-154). If you don’t have a book you can download Section 5 from the site.
(Lecture 9, Reading Packet for MJP in “Related Material”. )

Part III. Priority Queues.

Problem 1. People arrive at a Xerox machine according to a Poisson process with rate
one per minute. The number of copies to be made by each person is uniformly distributed
between 1 and 10. Each copy requires 3 sec. Find the average number of people in queue
and the average waiting time in queue when:

1. Each person uses the machine on a first-come-first-serve basis.

2. Persons with no more than 3 copies to make are given non-preemptive priority over
the others.
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