
Simulation (2WB05) Assignment 5

A roundabout

A roundabout is a type of circular junction in which road traffic must travel
in one direction around a central island. In Figure 1(a) an picture of a
roundabout with four approaches (labelled 1, . . . ,4) is shown. Traffic trav-
els counterclockwise, i.e., 1→ 2→ 3→ 4→ 1→ . . . .
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(b) a schematic representation

Figure 1: A roundabout and a schematic representation of a roundabout, using a
network of four stations.

The number of approaches is denoted by N. In order to get insight into
the steady-state waiting times and queue lengths of the vehicles at each
of the approaches, we model the roundabout as a queueing network con-
sisting of N stations (see Figure 1(b)). The arrival processes are Poisson
with intensity λj vehicles per second, where index  = 1, . . . , N indicates
the approach of arrival and j = 1, . . . , N indicates the destination approach.
Each of the stations has one single server queue where customers (i.e.,
vehicles) are waiting to be served. The service time at station , denoted
by B, can be considered as the time required for an individual vehicle to
travel from approach  to approach + 1. Since only one customer can be
in service per station, we implicitly assume that the maximum number of
vehicles present simultaneously on the roundabout is N. Once a vehicle is
on the roundabout, it has right of way and does not have to wait for vehi-
cles from other approaches until it leaves the roundabout. In our model, a



customer that finishes service at station , joins the queue in station + 1
immediately. He has priority over all customers present in station +1 and
will be served as soon as the current customer being served in station +1
leaves the station and no other high priority customers are present. Note
that a customer arriving in approach 1 with destination 4 is served only in
stations 1, 2, and 3. After being served in station 3 he leaves the system.

Problem

Part 1

Consider a roundabout with 4 approaches. The service times B are de-
terministic with B = 3 seconds,  = 1, . . . , N. Develop a simulation to find
the mean waiting times and the mean queue lengths of vehicles in ap-
proaches 1, . . . ,4 for the following situations:

1. The arrival intensities λj are given by

λj =

¨

0  = j,
λ  6= j.

You should vary λ from 0 to 0.1.

2. The arrival intensities λj are given by

λj =

¨

λ j = + 1
0 otherwise.

Note that in our model 1 = 4+ 1. You should vary λ from 0 to 1.

3. The arrival intensities λj are given in Tables 1(a) and 1(b).

j
 1 2 3 4
1 0 0.02 0.1 0.05
2 0.01 0 0.09 0.01
3 0.05 0.015 0 0.05
4 0.01 0.01 0.01 0

(a)

j
 1 2 3 4
1 0 0.02 0.1 0.05
2 0.01 0 0.09 0.01
3 0.05 0.015 0 0.05
4 0.1 0.1 0.1 0

(b)

Table 1: Arrival intensities λj.

Find the stability condition for the system (i.e., the conditions such that
E(W) <∞ for  = 1, . . . , N).



Part 2

1. Now assume that all vehicles go straight ahead (so all vehicles arriv-
ing at approach 1 have destination 3 etc.). The interarrival times are
no longer exponential, but should be estimated from real data. The
data set

http://www.win.tue.nl/∼marko/2WB05/data7.txt

contains measurements of the interarrival times of the four streams.
Fit appropriate phase-type distributions, which can be used to gener-
ate the interarrival times for your simulation. Find the mean waiting
times and the variances of the waiting times.

2. Give confidence intervals for the means and the variances of the wait-
ing times.

3. Investigate how long a warm-up interval should be in the following
two cases:

• start with an empty system,
• start with a system where 100 vehicles are present in every queue.

Assume that all of these vehicles still have to cross the round-
about (so all 100 vehicles present in flow 1 have destination 3,
etc.).

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 February 18, 2013,
and include your source code as an attachment.
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