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Additional Exam Simulation, Monday August 23, 14.00-17.00 hr.

e Answers may be provided in either Dutch or English.
e A statistical table is attached.

e Please write down your answers clearly. Unreadable or unclear answers may be judged as

fulse.
o All your answers should be clearly explained.
e Please write down your name and student number on every exam paper that you hand in.
¢ You are allowed to use a calculator.
¢ Mobile phones should be switched off and put far away.

The maxinmun score (100 in total) is as follows:
Assignment 1 Assignment 2

a 10 12
b o ol
¢ 10 3
d 10 3
e 12 14
total 50 50 -

Good luck, veel succes !!!



Assignment 1

At an airport, we consider check-in desks of a rather small airline. The check-in time of an
individual passenger follows an exponential distribution with an average of 2 minutes. The
desks are opened from 6 AM until 10 PM. The airline has the possibility to operate at most 5
cheek-in desks depending on the number of passengers. There is one queuc for the economy class
check-in desks. Passengers arrive according to a Poisson process. The intensity varies during
the day and is given in the following table:

Time period  Average number of passengers per hour

6-10 AM 90
10 AM - 4 PM 70
4-7 PM 120
7-10 PM 50

At 6 AM one desk is opened. When a passenger arrives and the queue length gets equal to 10.
one additional check-in desk is opened. of course unless all desks are already opened. On the
other hand, when a ground steward(ess) has been_idle for 15 minutes, he (she) will leave the desk
unless he (she) is th(Wt at the economy check-in desks. Morcover, if a steward(ess)
has been working for 3 hours without breaks, he (she) can leave after finishing the currently
served passenger (if any). If this results in closing the last desk or if the queue consists of ten or
more persong the steward(ess) will be replaced ilI’lr'I'lezdﬂitéE'. An arriving passenger finding more
than one idle steward(ess). will randomly select one. The airline wants to perform a stinulation
study to evaluate their strategy of opening and closing check-in desks and to determine how

many ground steward(esse)s they should employ.

(a) Which are the events that have to be included in an event-schednling model in this simula-
tion? Draw the event-graph corresponding to these events. For cach are include the correspond-
ing delay with which the event is scheduled.

(h) What is the state of the system that has to be maintained during the simulation?

(¢) Define three appropriate performance measures for the above simulation study. Explain how
these performance measires can be computed during the simulation.

(d) Describe the event-handler in words or pseudo-code for the event(s) identified in part (a)
which include the finishing of the check-in of a passenger and for the event(s) that include the
decision to close a cheek-in desk.

In the future the vumber of passengers will increase: a growth of 30 percent is foreseen over
the next two vears. Moreover, luggage handling robots are being developed. Experiments with
protoypes indicate that these robots can significantly speed up the check-in and the airline is
seriously interested in using these robots.

() 1) How should these items be included in the simulation model? 2) What are the diffeulties

in validating the new simulation model? 3) What are possible ways to solve these difficulties?
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Assignment 2

We consider a distribution center (DC) that maintains inventory for 100 different products.
Product 7 (i = 1,...,100) has a holding cost of h; per item per day. Orders from customers
for the products arrive during office hours (8.00-17.00) according to a Poisson process with an
average of 150 orders per working day. If possible, orders are delivered to customers directly
from stock. If products are not available at the arrival of an order, we use backlogging, i.c..
the number of items of a product that cannot be delivered is modelled as negative inventory
(and will be delivered later). For product i this brings a backlogging cost b, per item per day.
The distribution center uses the following so-called (r, Q) strategy for re-ordering products at
its suppliers. As soon as the inventory of product i gets below r; an amount of Q; is ordered at
the supplier. A supplier order of product 7 has a fixed ordering cost of K, and the delivery time
of the goods is d; working days on average. The management of the distribution center wants to
determine a good re-ordering strategy. The distribution center has a fixed capacity of 1,000.000
tents.

(a) 1t turns out that the content of a customer order has the following probability distribution.
The amount of products in the order is at most 15. For k = 1,2,...15, p. denotes the probability
that the order contains exactly k products. Given that there are k products in the order each
k—tupel from the 100 product has equal probability. If product ¢ is in the order, the ordered
number of items is an integer n; with {; < n; < u; such that all possible quantities have equal
probability. How can we gencrate these order contents in a program written in an imperative
programming language like Java or C++ and without using any specific libraries?

Note: You do not have to give a program. but just a description or pscudo-code.

(b} Suppose we run a simulation for a given re-ordering strategy (7. Q) (i = 1... .. 100). Doces
the simudation of the above problenm get into a steady state? Explain vour answer.

{¢) Let 2000, 19000 2200, 2300, and 2050 be the average daily inventory cost that have heen
observed in 5 independent runs of a simulation of a given re-ordering strategy (r;, ;). Deter-
mine X(5),5%(5), and a 90 percent confidence-interval for the expected value g and explain the
meaning of the computed quantities.

(d) Next year, the DC will also store an additional product 101. Suppose for this product 101,
the holding cost hyg; are 3 EURO per day and the demand is fixed and equals 150 items per
working day. The supplier charges an ordering cost Ko, = 100. This is one the few products
for which there is no delivery time. What are the values of » and Q for this product? Explain

vour answer?

It trny out that for a part of the products there are alternative suppliers who can deliver faster.
i.e. the delivery time decreases, but charge higher ordering cost. For products i = 1,2....50,
there is another supplier who charges ordering cost K and has an average delivery time of d!
working days, where K] > K; and ) < d;. A given product i should always be ordered at the
saine supplier. So if the management of the DC decides to sign a contract with the alternative
supplier for product ¢, it always orders product | there.

(¢} Describe the above problem as a combined optimization and simulation probleni, i.e. formu-

late (either in words or formulas) the decision variables. objective function and the constraints
and indicate at which point a simulation has to be performed.
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