
Solution to COMP9334 Revision Questions for Week 7

Question 1

The mean response given by the M/M/1 theory is 1
µ−λ . For the given values of λ and µ, we

expect the mean response time to be 3.3333s.

The Matlab file week06 q1.m contains a script which, for each value of T , performs 20 sim-
ulation experiments (or replications). This is done by calling the function sim mm1 func.m
20 times for each value of T .

The results are plotted in Figure ??. The horizontal axis is the value of T and the vertical
axis is mean response time. The horizontal line shows the value given by the M/M/1 theory.
The circle shows the mean response time given by the simulation experiments. You can see
that every simulation run produces a slightly different value of mean response time. However,
the values appear to be scattered around the mean response time given by the M/M/1 theory.
You can graphically observe that the standard deviation becomes smaller with increasing T .

The mean and standard value from these simulations are:

T = 1000 T = 5000 T = 10000 T = 50000

mean 3.2232 3.3177 3.3949 3.3321

standard deviation 0.7066 0.3665 0.2212 0.1313

Remark: If you want to reproduce exactly the above results, you need to know the set-
ting (similar to a seed) of the generator that I have used to generate the random numbers.
The setting is stored in week06 q1 rand setting.mat. If you use this given setting (the file
week06 q1.m contains comments to tell you how to do this), you will be able to reproduce
the results above.
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Figure 1: Response time from M/M/1 simulations of different length of time.
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Question 2

Recall that in simulating a single-server queue, we maintain the following events and variables

• Events

– Arrival to the system

– Departure from the server

• Variables

– The status of the server: either idle or busy

– The number of customers in the buffer and their attributes

For an m-server queue, you will need to keep track of the departure from each of the m
servers. In addition, you will need to keep track of the busy/idle status of all the m servers.
These are the two main alternations that you need to make to adapt a single-server simulation
program to a multi-server simulation program.

A program called sim mmm func.m has been written to simulate an M/M/m queue.

Simulation experiments have been carried out to simulate these two queues.

1. The mean response time of an M/M/1 queue with λ = 0.9 and µ = 1.

2. The mean response time of an M/M/2 queue with λ = 0.9 and for each server, µ = 0.5
.

Each configuration is simulated 10 times. Each simulation is carried out using an inde-
pendent set of random numbers. In other words, altogether of 20 set of independent random
numbers are used in the simulation.

The results of the simulation comparing the two configurations have been plotted in Fig-
ure ??. The figure also shows the mean response time predicted by the M/M/1 and M/M/2
queueing theory.

Five experiments suggest that Configuration 1 is better and the five experiments suggest
that Configuration 2 is better. It does not seem to be possible to conclude which configuration
is better from the simulation results.
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Figure 2: Comparison of an M/M/1 queue with λ = 0.9 and µ = 1 and M/M/2 queue with
λ = 0.9 and µ = 0.5.
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Question 3

We first work out the formula that we should use to generate random numbers with the
Weibull distribution using the inverse transform method. Assuming that y and u are related
by y = F−1(u), we have

y = F−1(u) (1)

⇔ u = F (y) (2)

⇔ u = 1− exp(−αyβ) (3)

⇔ y =

(
− log(1− u)

α

) 1
β

(4)

Therefore we can use the relation (
− log(1− u)

α

) 1
β

(5)

where u is uniformly distributed over [0, 1] to generate the Weibull distribution.

By using the above formula, 10,000 ( = n) numbers that are Weibull distributed are gen-
erated. Figure ?? shows a histogram of the 10,000 numbers sorted into 50 equally spaced bin.

We have also derived the expected number of random numbers in each bin and plotted
it as the red curve in Figure ??. Note that the histogram consists of 50 equally spaced bin
spanning [0, ymax] where ymax is the largest number generated. Define δ = ymax

50 , then the k-th
bin spans the range [(k − 1)δ, kδ].

The probability that a number with Weibull distribution falls within the range [(k−1)δ, kδ]
is (F (kδ) − F ((k − 1)δ)). (Note: You can prove this by using the definition of cumulative
density function.) If n random numbers are generated, then the expected number of random
numbers in the k-th bin is n(F (kδ)− F ((k − 1)δ))
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Figure 3: Histogram of 10000 random numbers with Weibull distribution. The red curve
shows the expected distribution.
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