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Question I.   True or False.

Each part consists of a statement which is either true or false, plus a request for an explanation, which should
be about three sentences. Two marks are given for each statement, with no deduction for wrong answers.

Hint. In some cases it is possible to give more than one interpretation to a statement so that it is true under
one interpretation, false under another. This is intentional: your explanation tells us if you are correct or incor-
rect.

I.1. ‘For systematic experimentation workload factors should be derived from logs.’

If your answer is ‘true’ give a concrete example; if your answer is ‘false’ explain why.

False. Logs do not provide the controlled variability that is necessary for systematic experimentation.

True. Although it is inappropriate to use actual logs as input during systematic experimentation, the
synthetic workloads we use should be an abstraction of the commonalities we observe in logs.

I.2.   ‘Summarizing log data on-line is important for objective data analysis.’

Give the reason for your answer.

False. At best it is irrelevant, providing only feedback about progress of the simulation. More commonly,
experimenters visualize the results as the simulation runs, so as to ‘correct’ trials that have ‘gone wrong’.
This practice confounds the experimenter’s intuition with the objective design of the experiment.

I.3.   ‘It is important to compute the interaction when two factors are known to be

independent.’

Explain your answer.

True. If two factors are truly independent then there will be no interaction. The interaction should be
computed to confirm that the assumption of independence is not incorrect and that assumptions of the
model are not incorrect.

I.4.   ‘Analysis of Variance is called “linear” because the response variable is a linear

function of the levels of factors.’

If your answer is ‘true’ give a concrete example; if ‘false’ give a counter-example and explain it.

False. ANOVA is called linear because the predicted value of the response is determined by adding the
contributions of different factors. For a counter-example see question II.2, where the levels of the factors are
not even numbers so that linear operations on levels make no sense.

I.5.   ‘Performance analysis is a form of cost-benefit analysis.’

Explain your answer.

True. Performance analysis is used to measure the most critical inputs to the objective function that
underlies the existence of a system. Cost-benefit analysis determines the value of the same objective
function.

False. Performance analysis is a subset of cost-benefit analysis. It provides the benefit aspect but the cost of a
system is not part of performance analysis.
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I.6.   ‘Metrics based on user experience are more important than metrics based on

machine performance.’

Explain your answer.

True. Remember that the user may be a human, a machine or even another system. Without the user’s
requests and the user’s need for responses the system would not exist. Therefore, aspects of system
performance that the user cares about should be central to any analysis. We employ system properties as
metrics only when we believe them to be close proxies for user experience.
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Question II.   System Stability

For each of the following statements give a short description of a system to which it applies. You may find that
a simple diagram plus a short explanation is the most efficient way to answer. Three marks are given for each
description.

Hint. A system is unstable if and only if the number of arrived and not departed requests eventually grows
without bound; otherwise it is stable.

II.1. ‘A system is unstable and the average

arrival rate, , exceeds the average throughput,

.’

The system is open. The arrival rate is three requests per
second. The service time is ten seconds.

II.2. ‘In a discrete event simulation a system is

unstable and there is never more than one

arrival event in the event-set.’

The system is open. The arrival rate is three requests per
second. The service time is ten seconds. Each new arrival event
puts exactly one new arrival event into the event-set. The queue gradually fills up.

II.3.   ‘A system is stable and its utilization is

exactly one (1).

The system is closed. The think time is one second. The service
time is ten seconds. All users are waiting in the queue almost all
the time. (In the steady state one user thinks for one second
every ten seconds.)

Queue

Server
λ

X

Queue

Server

Queue

Server

Many users
( 4 of 8 )



CS251 – Spring 2008 – Mid-term Examination Student name: ____________________________________
Question III.   Data Analysis.

III.1.   Definitions

Give definitions of the following terms, and explain what each has to do with data analysis. Each term gets
three (3) marks, one for the definition, two for the explanation.

Term Definition Explanation

Metric What we measure when doing
performance evaluation.

Metric is a dependent variable, which is measured when
an independent variable is being manipulated. The
variance of the metric is what we analyse in an analysis of
variance.

Factor These are the aspects of a
system that we vary.

The objective of data analysis is to answer questions like,
‘Does a metric vary when we change the value of a
factor?’

Level The values a factor takes on in
a performance analysis are its
levels.

We have several measurements of a metric for each level
of each factor, and want to know whether variations in
measurements are random or systematic.

Main
Effect

A main effect is the variation
we measure when only a
single factor is varied.

We start a data analysis by looking at main effects.

Interaction What we observe when a
metric has values that depend
on covariance of two or more
factors there is an interaction.

Interactions tell us when the response to several factors is
not independent. They indicate that factors are not
independent and can point to design or implementation
errors.
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III.2.   The Linear Model

Suppose you are doing an analysis of variance on Colour and Size, each of which have three levels. You have
grouped the data into cells and have the following cell means. For seven (7) marks, answer the following
questions about this data.

(a) Has the overall mean been removed?
Yes

(b) If you conclude that interactions are not significant what value would you give for Medium/Green?

(c) If you conclude that interactions are significant what value would you give for Small/Red?

(d) How many degrees of freedom are associated with Size?

(e) How many degrees of freedom are associated with the interaction?

Colour

Red Green Blue

Size

Large 3 3 -6

Medium 3 2 1

Small -6 1 -1

3 2+ 5=

6–

3 1– 2=

9 1– 2– 2– 4=
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Question IV.   Little’s Law

In this question we ask you some questions about average
throughput, response time and utilization, which you
should use Little’s Law to answer. The system, shown to the
right, is a tandem server with a finite number of interactive
users. Users first think for a while, then submit a request
which is processed first by server 1, then by server 2, after
which a result is returned to the user who resumes thinking.

To refresh your memory, Little’s Law is , where
is the average number of requests in a system, is the

throughput of the system, and is the average response
time of a system. Marks are indicating in the headings.

IV.1.   Utilization (3)

Utilization, , is the product of arrival rate, and service
time, . Write Little’s Law in terms of utilization.

IV.2.   Applying Little’s Law (3)

Separate the tandem system in three ways and write Little’s Law, , for each. Let , & be the

average response time, average number of requests & throughput in Queue 1/Server 1; , & be the

average response time, average number of requests & throughput in Queue 2/Server 2; and , & be

the average think time, average number of thinkers, throughput for the users.

IV.3.   Stability (3)

Is the system stable? Explain your answer.

Yes. It is impossible for any user to have more than one request submitted to the system, so the total number
of requests in the system is limited by .

IV.4.   Constraints (4)

Write the constraints on throughput, average number of requests & thinkers.

Queue 2

Server 2

N users Queue 1

Server 1

Q XR=

Q X

R

U λ
S

U λS XS= =

Q UR
S

---------=

QS UR=

Q XR= R1 Q1 X 1

R2 Q2 X 2

Z N Z X 3

Q1 X 1R1=

Q2 X 2R2=

N Z X 3Z=

N

X 1 X 2 X 3= =

Q1 Q2 N Z+ + N=
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IV.5.   Solution (4)

You now have six equations and eight unknowns ( & are given). Solve the equations for the throughput in
terms of .

IV.6.   More Constraints (10)

In applying Little’s Law we had two types of constraint: the utilization of a server cannot exceed one, and the
response time must exceed the service time. Using these constraints write four (4) inequalities constraining

and with respect to , , and the two average service times & . Label the constraints drawn on the

graph at the bottom of the page. Explain how and why the solution region changes when  increases.

Z N

R1 R2+

Q1 Q2+ X R1 R2+( )=

N Q1 Q2+( )– N X R1 R2+( )– XZ= =

X N
R1 R2 Z+ +
------------------------------=

R1

R2 N Z S1 S2

N

Q1 Q2+ X R1 R2+( )=

N Q1 Q2+( )– N X R1 R2+( )– XZ= =

X N
R1 R2 Z+ +
------------------------------=

R2
R1 S1=

R1

R2 S2=

R1 R2+ N S1 Z–=

R1 R2+ N S2 Z–=
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