
Simulation (2WB05) Assignment 4

A queueing system with vacations

In this assignment we consider a queueing model with vacations. The
model is similar to the standard single-server queue with customers arriv-
ing according to a Poisson process with intensity λ and service times that
are i.i.d. random variables. Customers are served in order of their arrival.
The only difference with a standard M/G/1 queue, is that whenever the
system becomes empty, the server goes “on a vacation”. The vacation
length is also a random variable, independent of all other variables in the
system. Whenever the server returns from its vacation, it starts serving
all customers until the queue is empty again. Then it takes another vaca-
tion, and so on. If the server returns from a vacation and finds an empty
system, it immediately leaves for another vacation. This is repeated until
the system is non-empty at the end of a vacation.

We consider the system in steady-state. The generic service time is de-
noted by B, and the generic vacation length is denoted by V. The load of
the system is denoted by ρ := λE(B). We denote the number of customers
in the system at an arbitrary epoch by L, at an arrival epoch by LA, and
at a departure epoch by LD. Note that LD does not include the customer
whose service just ended and, therefore, leaves the system. The number
of customers at an arbitrary moment during a vacation is denoted by LV.
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For this system, several results are known:

• the stability condition for this system is ρ < 1;

• the fraction of time that the system is on a vacation is 1− ρ;

• the mean cycle length is:

E[C] =
E[V]

1− ρ
,

where one cycle C consists of one visit period (which may have length
0) followed by one vacation;

• the mean waiting time (of an arbitrary customer) is:

E[W] =
ρ

1− ρ
E[B2]

2E[B]
+

E[V2]

2E[V]
;

• the distributions of the number of customers at arbitrary moments,
arrival moments, and departure moments are all the same:

L
d
= LA

d
= LD;

• the number of customers in the system at an arbitrary moment is the
sum of two independent random variables:

L = LM/G/1 + LV ,

where LM/G/1 is the number of customers in the corresponding M/G/1
queue. By “corresponding M/G/1 queue” we refer to a single-server
queue with Poisson(λ) arrivals and service times B, but without vaca-
tions.

Assignment:

1. Verify all of the above results using simulation. Make sure that you
try several service-time distributions, and vacation distributions.

2. Which of the above results still hold when the arrival process is no
longer Poisson? In your simulation, change the distribution of the
interarrival times from exponential to other distributions. The interar-
rival times should remain i.i.d. random variables (or constant values).

Write a detailed report, addressing the questions posed above. Make sure
that your report is well-written, well-structured, and that you interpret all
of your results.
Email your report to marko@win.tue.nl before Monday January 7, 2013,
and include your source code as an attachment.
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